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Abstract

We define educational access as the component of a neighborhood’s value that is de-
termined by the set of schools available to its residents. This paper studies the extent
to which educational access is determined by sorting based on heterogeneous pref-
erences over school attributes, or local institutions that constrain residential location
and school choice—such as school catchment areas and housing regulation. We de-
velop a spatial equilibrium model of residential sorting and school choice, estimated
using data from a large school district in the United States. The model replicates
the responses of house prices and school enrollment to quasi-experimental variation
in school peer composition and school transportation provision. We find that low-
income families prioritize proximity to schools while high-income families and fami-
lies with high-skilled children place more value on school peer composition. We use
the model to evaluate how the geography of neighborhood sorting influences the ag-
gregate and distributional outcomes of a school-choice expansion (place-based) and a
housing voucher (people-based) policy. We find that both policies result in net welfare
losses, with only marginal improvements in school peer composition for the average
low-income family. Although eligible families benefit from these policies, the negative
impact falls on families who currently invest in their children’s education by residing
in expensive neighborhoods. Under both policies, higher-income families are less ex-
posed to the inflow of low-income children into their schools, either because of their
longer distance from target neighborhoods or because of the cost imposed by residen-
tial zoning regulation on voucher recipients.
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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 has two related objectives. First, we quantify the extent to which local in-
stitutions rather than preference heterogeneity across families are responsible for the ob-
served degree of sorting across neighborhoods and schools. Second, we investigate how
the geography of neighborhood sorting determines the aggregate and distributional im-
plications of local policies that grant low-income families access to high-quality schools.
We address these issues by building a spatial equilibrium model in which families’ neigh-
borhood and school choice are determined by preferences over school peer composition,
commuting distance from home 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. Identifi-
cation leverages the effect of longitudinal changes in school catchment areas on house
prices to measure families” willingness to pay for school quality, and the impact of school
transportation provision on enrollment to quantify disutility from commuting. We find
that low-income families disproportionally value proximity to school while high-income
families place a relatively higher value on school peer composition, increasingly so the
higher their child’s skills.

We use our estimated model to evaluate the welfare impact of two vastly debated poli-
cies: 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 in more affluent areas. We find that both policies generate an ag-
gregate welfare loss and only marginally improve the peer composition of low-income
children. This result is driven by the detrimental effect on families who, absent any pol-
icy, choose to pay a high house price to reside in neighborhoods offering access to high-
quality schools. Of particular notice is the negative impact on inframarginal low-income
families, which are overwhelmingly exposed to the inflow of policy beneficiaries into
their schools. High-quality schools located far away from low-income neighborhoods are
shielded from the effects of school-choice expansion policies due to their distance from
target neighborhoods. In a similar way, neighborhoods with more stringent zoning re-



strictions are immune from the relocation of housing voucher recipients. Together, these
results highlight the key role played by the geography of neighborhood sorting in shap-
ing the outcomes of local policies.

Our first step is to develop a spatial equilibrium model of residential sorting and
school choice that captures key institutional features common in numerous school dis-
tricts across the United States: choice sets—or portfolios—of schools that vary by resi-
dential location, school transportation provision, and zoning restrictions on housing de-
mand. Conditional on their residential location, families have guaranteed access to a
neighborhood-specific public school (“base school”), along with a neighborhood-specific
set of alternative public schools to which they can apply (“option schools”). Admission
to option schools is determined by a lottery system if schools are oversubscribed. Fam-
ilies 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 skill
composition—and disutility from commuting, which depends on distance from home
and on whether transportation is provided. Residential choice is determined by the value
of the school portfolio associated with each neighborhood, together with the cost of hous-
ing, the quality of exogenous neighborhood amenities, and neighborhood-specific zoning
restrictions that impose a lower bound on housing consumption. Crucially for our pol-
icy 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; several institutional
changes regarding the boundaries of base school catchment areas and school transporta-
tion have occurred in recent years. To map the model to the data, we build a new compre-
hensive 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 residential location. We merge these data with (i) yearly information from the Wake
County Public School System 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. Finally, we use information from the National Center for Education
Statistics (NCES) Private School Survey about the location of private school in the county,



and Public Use Microdata Area (PUMA)-level data from the American Community Sur-
vey (ACS) on the spatial distribution of private school enrollment by income.

We estimate the model via the method of simulated moments exploiting both longi-
tudinal and cross-sectional variation for identification of model parameters. In particu-
lar, changes in the boundaries of base school catchment areas over school years generate
quasi-experimental variation in peer composition, which we leverage to identify fami-
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 and how
they vary by income and available school transportation, we use variation in distance
traveled to school as a function of whether the attended school provides transportation
from their neighborhood. We further show that the identified commuting costs are able
to replicate the quasi-experimental impact on school enrollment of longitudinal changes
in the availability of school transportation to a given neighborhood. Parameters captur-
ing the cost of private schools, which may vary by location and income, 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) fam-
ilies have a lower WTP than higher-income (or non-ED) families for school peer qual-
ity. Conditional 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, the compen-
sated variation for a ten-percent of a standard deviation decrease in peer quality is $478,
and it rises to $920 if the child’s skills reach the 75th percentile of the skill distribution.
The analoguous numbers for ED families are $85 to $150. The WTP to reduce commuting
to school (by 1 mile) also varies across income groups, being twice as large for non-ED
families, regardless of children’s skills ($280 vs. $530). We emphasize that the WTP for
school proximity relative to school peers—hence its role in determining school choice—is
much higher for ED than for non-ED families.

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. 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 by peer composition (which we deem receiving schools).



In our people-based policy, we provide housing vouchers to ED families conditional on
them living within the catchment area of the same 40 receiving schools.

We nd that both policies have negative aggregate welfare effects of similar magni-
tudes, amounting to an average $400 annual loss per family. While the bene ciaries 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—who tend to have higher-skilled
children then the typical ED family in the economy and a higher WTP for accessing high-
guality schools—are more exposed to the decreased school peer quality that results from
the in ux of new children into their schools and are also less able to insure against it.

In the school choice expansion policy, applications to receiving schools that are lo-
cated faraway from the targeted low-income neighborhoods are severely hampered by
high commuting costs (despite the provision of school transportation). Those schools,
which tend to be located in more af uent neighborhoods, are protected from the policy
by their geographic location on the outskirts of the city. In the voucher policy, the shield-
ing role of distance is instead played by zoning restrictions. While incoming children
must reside within the catchment areas of receiving schools by requirement of the pol-
icy, the presence of minimum size constraints on housing tilts their neighborhood choice
toward less-regulated, lower-income neighborhoods. What is more, non-ED families are
also better able to insure themselves against the decline in their school peer composi-
tion by increasing their attendance into private schools and by relocating to less exposed
neighborhoods.

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).
Epple and Sieg (1999) rst developed an empirical equilibrium model in which house-
holds sort into neighborhoods based on their preferences for housing and local public
goods.! In their seminal paper, Bayer et al. (2007) build a framework that allows them to
isolate preferences over school quality from other neighborhood amenities in determin-
ing neighborhood choice. We depart from these studies by allowing each neighborhood
to be associated with a portfolio of schools, by leveraging longitudinal variation in school

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 equilibrium in the local housing market.



catchment areas to estimate households' willingness to pay for school quality, and by
exploring the welfare implications of local policies.

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
children, this literature has largely treated residential location as exogenously xed (e.g.,
Hastings et al., 2009; Abdulkadiro glu et al., 2017; Agarwal and Somaini, 2018; Kapor et
al., 2020; Laverde, 2023). The role of school competition in shaping the outcomes of ed-
ucational policies has generated important contributions to the literature (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 modeling residential sorting in the presence of school choice is in
the spirit of Nechyba (2000), Epple and Romano (2003), and Avery and Pathak (2021).
Like us, these papers propose models in which school quality and house prices are de-
termined in equilibrium, and study the extent to which school choice policies increase
access to high-quality schools by low-income children. 2 We depart from those studies by
showing how home-school distance determines both the take-up rate of school choice and
the differential exposure across families in receiving schools. ® Park and Hahm (2023) ex-
amine the impact of changes in the school assignment mechanism on neighborhood and
school choice, but they abstract from equilibrium responses of house prices and school
peer composition, which are central in our welfare analysis.

This paper also contributes to the growing urban literature that studies how agglom-
eration and congestion forces shape city structure and individual outcomes (Ahlfeldt et
al., 2015)* Recent contributions have focused on the effect of transportation infrastruc-
ture on commuting patterns (Heblich et al., 2020) and neighborhood sorting (Tsivanidis,
2019). Our paper also explores how transportation provision, along with local prices, af-
fects access to desired locations within a city. However, we depart from much of the urban
literature that deals with labor market access and explore heterogeneity across neighbor-
hoods in their measure of educational access. Hsiao (2023) studies the provision of ed-

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

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

“For a comprehensive review of recent advancements in quantitative models of economic geography,
refer to Redding and Rossi-Hansberg (2017).



ucational opportunities in a spatial equilibrium in which workers migrate toward labor
markets with higher returns to education. Similar to us, Almagro and Dom ‘nguez-lino
(2022) show that preference heterogeneity is a key determinant of the distributional ef-
fects of changes in endogenous local amenities. They focus on consumption 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 sorting on human capital development. Early sem-
inal 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 decisions re-
lated to residential choices affect the development of children's human capital through the
transmission of skills across generations (Aliprantis and Carroll, 2018; Fogli and Guerri-
eri, 2018; Eckert and Kleineberg, 2021; Chyn and Daruich, 2022). Our research contributes
to this eld by highlighting the effect of city structure, commuting costs, and local insti-
tutions on the geography of local interactions.

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-speci ¢ housing regulations, and exogenous and en-
dogenous amenities. The endogenous amenity is given by the quality of the portfolio
of schools associated with a speci ¢ neighborhood from which families must select the
school they apply to. The set of schools in a neighborhood's portfolio is taken 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 ap-
ply 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 according 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



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 ais the child's skills. The joint distribution over family types is exogenously
given by f (w, a). The rest of households have incomew® with distribution f °(w©°).

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 sand 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 neighborhoocdh is associated with a portfolio of schools,
L . The school portfolio of neighborhood n includes three mutually exclusive subsets of
public schools and a subset of private schools. The rst (singleton) subset consists of the
base school, denoted byB,,, which is the only school in the portfolio of the neighborhood
that provides both guaranteed admission and bus transportation. For later use, we de-
ne a catchment area G as the set of neighborhoods n that share the same base schook,
G = fn: By = fsgg. The second subset of public schools, denoted by T,, 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
toschool (N T ). We refer to the latter two sets of schools asoption schoolsThe 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,



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 CC the set of neighborhoods n that share the same pri-
vate school's, € = fn:P, = fsgg. To summarize, the portfolio of schools available in
each neighborhoodisLp = fBy[T o [NT [P ng.

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 suf cient 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 g,
to children for whom that school is an available option school given the neighborhood
where they reside, fn:s2 T [NT ,g. If the number of applicants to school sexceeds
its capacity s, 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
lifs2Bp,andtops 1ifs2 fT,[NT ,g. 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 veri able 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
schools2 L ,nfPprg

Vawsn = GawIn 8 Kswins+ Ssts. (2.1)

Here, as represents the average skills of children enrolled in school s, which is endogenous
to the school composition. Our assumption that demand for schools is a function of peers
is motivated by two main reasons. First, Abdulkadiro glu et al. (2020) analyze applicants'
rank-ordered choices and nd that parents value schools that enroll high-achieving 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. ® We conduct a
test in line with their approach utilizing our dataset. Although we do not directly observe
rank-ordered choices of parents, our data includes house prices. Using the econometric
model detailed in Section 4, we exploit longitudinal changes in the boundaries of base
school catchment areas to estimate the impact of changes in school peers on neighborhood
house prices. When we augment our speci cation with a measure of school value-added
estimated from test scores, we nd the coef cient on such proxy for school effectiveness to
be small and statistically indistinguishable from zero, and the coef cient 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 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 kswtns denotes the disutility associated with commuting. The commut-
ing cost depends on the home-school road distance in miles ts, family income w, and
whether the school s provides bus transportation or not

(
krw if s$2Tn[Bnq
kNT,W if sS2NT n-

Ksw =

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

The value of attending a private school is instead de ned by

Vawpajn = Gawlnap,  Kntwtnp, Cwn+ Sp#p,, (2.2)

SThe authors examine the New York City centralized high school assignment mechanism. Their em-
pirical model de nes 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 (de ned by school indicators), and
the match effect (de ned by the interaction of school indicators with individual student characteristics).

50ur 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.



which is analogous to the value of attending a public school, with the exception of the
additional term c 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.” 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 vg}?‘aCk maxf vaw g,jn: Vaw,pajnd 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:

— fallb
Vaw(Ln) = Efug Q?Xf PsVaw,sin t (1 ps)Va;,jnaClb , (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 accesshich is reminiscent of the commuter market ac-
cess in Ahlfeldt et al. (2015) and Tsivanidis (2019). Intuitively, a neighborhood has higher
educational access when there are many schools, with high admission probability and
high-quality peers, that are located close to it.

Housing Supply and Zoning Restrictions.  Each neighborhood is characterized by in-

’Option 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 rst, and since for most schools in the WCPSS the number of
rst-choice applicants exceeds the number of seats (Dur et al., 2018), most applicants are only considered
for admission to their rst choice (or the base school as their outside option), rendering all choices ranked
below the rst one irrelevant. Assignment during the last two years of our sample switched to Deferred
Acceptance (DA). Since families can only apply to ve 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.

10



elastic total housing supply Hp, as well as by neighborhood-speci ¢ housing regulation
(zoning).® In neighborhoods where regulation is binding, houses must adhere to the min-
imum housing size stipulated by neighborhood-speci ¢ zoning restrictions, denoted by
hi 9. Conversely, in neighborhoods without housing regulations, the size of a house can
be as small ashp, 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:

Vaw,n = Uwn + agn + ainlog(w) + vaw(Ln) + Sn#h, (2.4)

where

1 b c h
uW,n—nl%x 5 In 1 b + In b (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, ag,, and amenities that vary by family income, aj,log(w),
respectively. The term vaw(Lp) is the expected value of the portfolio of schools associ-
ated with neighborhood n, described in Equation (2.3). Finally, the term sy#, represents
a neighborhood-speci ¢ taste shock, which is independent and identically distributed
across households and neighborhoods according to the Extreme Value Type 1 distribu-
tion. The parameter sy determines the dispersion of these shocks, which families observe
when choosing their neighborhood.

Families maximize utility subject to the following budget and housing constraints

Ww=(1l+t)w c+ryh
. (2.6)
h  h, = maxfhy,hilg,

where the price of cis normalized to one, while each unit of housing costs r,. Families
divide their income between consumption of the numeraire good and housing. The en-

dogenous transfer rate t , which families take as given, originates from the land share of
total housing expenditures. Speci cally, we assume that a fraction mof housing expendi-

9For simplicity, we abstract from neighborhood-speci ¢ 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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ture constitutes land rent, distributed proportionally to households' non-housing income
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 Dom “nguez-lino, 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 speci c 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 n = Uwn+ a3, + a3, log(w) + s, 2.7)

where uy p 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 ry,, school peersas, admis-

12



sion probabilities ps, and the transfer rate from land income t .

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 hyn =
maxf bw/ ry, h,g. The indirect utility from consumption is then equal to

8
3 %Invv Inrp if bW rph,
Uwn = o Loy Wby s o> b 2.8)
¥ otherwise.

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 ampli es 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

Vaw,n = Uwn + @on + ainlog(w) + vaw(Ln).

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

exp(Vaw,n)
& i exp(Vaw,i)

pnja,w =

Given their neighborhood of choice, families apply to schools according to the condi-
tional probability
h i
Psinaw = Pr Vawsin ~ Vawgn 852L, ,

and the probability is induced by the idiosyncratic preference shocks over schools. 1° It
is then straightforward to compute the measure of families living in neighborhood n and
applying to school s

ps,nja,w = pnja,wp siaw,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, pg,aw)
needs to be recovered by simulations. See, for instance, Agarwal and Somaini (2018); Calsamiglia et al.
(2020); Lu ade (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 de ned
with respect to neighborhoods—not schools—and they are given by

(0] — (0] (0]
Viwn = Uwn + ag, + a7, log(w)

o _ exp(vg)
W E pexp(vey)

Building toward the de nition of our aggregate equilibrium variables, we de ne the
following auxiliary variables. Let

Pwn = Sap nja,wf (a,w) + mp %Wf O(W)

Ps= SawSnacyc P snjawf (W)

p attend — SW,n pSp S,nja,wf (a‘l W) |f S 2 Tn [ N T n
as Swn Psnjaw * p;i?:\?v(:k f(aw) if s2Bn[Pn

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

fallback _ o fallback _
ps,nja,w - a p§,njaw(1 pg)lfva,wjn = Vaw,sn9 S2Bn[P n.
82f Ta[ NThg

The market clearing condition for housing in neighborhood n reads
Hn = é pw,nhw,n, (2.9)
w

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

a,rnH
n'ntin

t = ,
I

(2.10)

where | 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 B 1 . 2.11)
Ps

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 neigh-
borhoods for which that school acts as base. Similarly, private school admission is guar-
anteed to all those who apply—either as their rst 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,
as = Eglal, (2.12)

where the expectation E g is taken with respect to the (conditional) distribution of children
of skills awho attend school s, p 3ttend
We are now ready to de ne an equilibrium for this economy.

De nition 1. Anequilibrium for this economy is a set of choice probabilities for fanfih)sa,s,jawg,
and the rest of householdg gng, house priceér,g, school peerkasg, admission probabilities
f psg, and transfer ratd t g, such that:

The choice probabilitidg 5 w9 andf pgng are induced by (i) families' solutions to the

school choice problegin 3), and choice of consumption, housing, and neighborhood to maxi-

mize the objective functiof2.4), subject to budget and minimum housing constrai(fs5);
and (ii) the rest of households' maximization of the objective fun¢#iof), subject to budget
and minimum housing constraint2.6);

The housing markets cleé.9), the admission probability is consistent with school capacity
and applicationg2.11) and school composition is consistent with individual choices and

admission probabilitie$2.12)

The transfer rate is consistent with the land share of housing expenditure(asLim)

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 identi cation 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 de ne children’'s types,
a2 fa,...,;pg. For each public school s, the number of seats reserved for option (as
opposed to base) students in yeart (gst) is measured as follows. If sis oversubscribed in
year t, then (gt is set to the count of kindergarten students attending sas an option in that
year. If it is not, then gg; is set to the average number of kindergarten students attending
sas an option in the years it is oversubscribed. !

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 de ne neighborhoods in our
city. Speci cally, a neighborhood n is the set of all contiguous addresses that share, in all

Hwhile 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 de nition, as well as 2010 Census
tracts for comparison.

We combine several publicly available datasets to build neighborhood characteris-
tics.? 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 housesize,
rather than lot size, so we map our constructed neighborhood-level measure of MLS re-
strictions (mls ) into a minimum available house size ( hy9). Regressing observed house
sizes (in square feet) on_mls, (in acres) yields the mapping: h, = 641+ 892 mils,. From
this mapping, we derive the minimum house size in the absence of any housing regula-
tion, hg = 641, andh;® = h,lfmls, > 0g.

Because the NCERDC data provides information about children's ED status, rather
than family income, we use the American Community Survey (ACS) ve-year estimates
(2013-17) to measure income for families and other households. We aggregate the sixteen
income brackets provided by the ACS to de ne ten discrete household income types,
w 2 fwy,...,w100.22 Mapping our neighborhoods to 2010 Census tracts, we use tract-
level information from the ACS to obtain the distribution of the other households' types
(f °(w)) as well as their sorting across neighborhoods (p gjw). 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 ( f (w,a)) and their sorting across
neighborhoods (p pjaw). 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.

125ee 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 (Py,) 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 PUMASs constituting Wake County, the share of kindergartners
attending private school by ED status in our sample period.

3.2 Final sample

Our nal sample consists of 34,428 students across four kindergarten cohorts. 1 Detailed
descriptive statistics about the samples of schools, students, and neighborhoods are re-
ported in Table A-3. Thirty- ve 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. °

The nal 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-5a). 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.

15s0urce: 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 gure 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 ve-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-5b. There is signi cant 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 signi cant 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 identi cation
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 enroliment shares.

4 Model Identi cation and Estimation

We estimate the model using the Simulated Method of Moments (SMM). We recover the
following parameters: preferences for school peers gaw, commuting costs (Kt w, KnT.w),
neighborhood amenities for families and other households, (agn,a1n) and (ag,,a3,) re-
spectively, cost of attending a private school ¢, and the variance of preference shocks
(SN, Ss, Sp). We additionally obtain a model-implied measure of housing supply, denoted
as H,. 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 identi ed 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 Identi cation

Preferences for School Quality. We let preferences over school peers vary with skill type
aand ED status, hence we estimate two vectors of parameters,f g, epd and f 9anon-end.
with a2 fa,...,a09. These parameters are identi ed 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. 1°

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-
erogeneousg'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 identi es 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:

Dn |n rn,t = len In 5CBn,tvt + d[ + Dnen,t 1 (41)

where Dy In rpt represents the within-neighborhood log-change in average house prices
and Dy In 5CBn,t:t is the policy-induced change in the quality of the catchment area asso-
ciated to school By, for two consecutive cohorts of kindergarten childrenin t 1 andt.
Recall the de nition of the catchment area of school s, G; f njBn = sin school year tg.
Formally:

Dn In 5Q3n,txt = In %n,t’t 1 In 5Q3n,t o1 (42)

The variable ECBMJ 1 Is the mean test score of children who were living in period t 1in
the catchment area of neighborhood n's base school at timet. That is, Ean,t,t 1 captures
the hypothetical composition of Gg_,; if families’ residential locations was the same as
attime t 1. The variable Dy In 5CBn,tvt then measures the change in the composition of

18K uminoff 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 xed 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 by, 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
Dnin 5Csn,t,t allows us to isolate the former channel. Our preferred estimate of b4 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.!’

The other 19 moments we use for the estimation of fg,epg and f g4 non-epg 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-(a;, ED) children. We adopt this approach as the overall skill
distribution in the district is xed and therefore only the relative school peer composition
is informative about the extent of preference heterogeneity. The levelof preferences for
school peers is then pinned down by matching the estimate of b, 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, (kT ep, kT non-ep), and
the utility loss from commuting to an option school without busing or to a private school,
(knT.ED, KNT 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 k 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 ndings indi-
cate that, while the estimates for peer quality b; 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 Ag is given by the school xed
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:

DniInrpt = biDplin 5(.‘13mt,t + baDnAp,, + & + Dnéng,

where DnAg,, represents the changes in school value added induced by changes in the assigned base school
for different cohorts in neighborhood n. The coef cient b, 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.
Speci cally, 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 sg, is identi ed 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 sgthe 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 c¢ vary at the
PUMA level, rather than at neighborhood level, and choose the values of cgppyma and
Cnon-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) nd 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 sp to match the same moment in our model. For given
share of children enrolled in private schools, higher values of sp 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 ag, and ag,, capture the com-
mon valuation for neighborhood n, while a;, and af,, 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 ( sy), we use
empirical ndings 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 sy is then chosen to replicate the take-up rate of 63
percent reported by Galiani et al. (2015).1® Interestingly, we observe that families utilizing
the voucher opt to relocate to neighborhoods with an average ED share of 25 percent, a
gure closely resembling the 19 percent reported by Galiani et al. (2015). °

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 re ects 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 signi cant 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 In H,¢ = In Hy + In H¢. The
parameter Hy, is informed by the average price in each neighborhood across years, while
H: determines the average price across neighborhoods in each given year. A key property
of this speci cation is that housing supply does not vary systematically across neighbor-
hoods over our years of analysis. Hence, this speci cation 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 speci cation for amenities and we model rich income heterogeneity,
dispersion in idiosyncratic neighborhood preferences could in principle be identi ed from cross-sectional
variation in choice shares, along the lines of the identi cation of sg. 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.

we setsy = sy for simplicity. We have experimented with alternative values of s and found negligi-
ble differences in outcomes once (ag,, as,,) 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
bene ting 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 nd the valuation for school peers to be increasing in the children's own skills.
This 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 re ect 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 g'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 Ja Oa Oas Oa, Oas Oas Oa Oag Oa Oay
ED Families 0.57 0.51 051 061 072 082 08 079 100 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 0.68 077 096 106 119 130 157 194 282
(0.18) (0.21) (0.22) (0.24) (0.25) (0.27) (0.29) (0.32) (0.35) (0.43)
Commuting Cost knT kT
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 sy Sg Sp
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-speci ¢ amenities and id-
iosyncratic shocks. Figure C-1 shows the geographic distribution of estimated amenities
for the average ED and non-ED families. 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. Preferences among ED families appear to be less spatially concentrated.

As shown in Table 1, we also nd 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 vary idiosyncratically across households, like
proximity to the parents' workplace or to the children's grandparents.

Finally, Figure C-2 in Appendix shows estimates for the utility of attending a private
school, c. 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 schools (0.61
vs. 0.23 in Table 1), which is expected since our model does not consider potentially im-
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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).

portant factors in uencing private school choice, such as religious af liation.

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 rst row re ects 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 signi cantly, dou-
bling or even tripling when compared with distance and transportation provision, for
families with higher-skilled children. Economically-disadvantaged families consistently
prioritize commuting distance and school transportation provision over school peer qual-
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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 signi cant 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 nd 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 theirincome. Concern-
ing private schools, the willingness to pay ranges from $35 to $561, re ecting heteroge-
neous preferences over private education, denoted by c. 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-speci ¢ 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 rst 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.

We brie y 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
of the policies on family welfare as the equivalent variation in units of annual income.
Speci cally, let DV, be the change in value for agenti and | ; be family i's marginal utility
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of income. The welfare impact of the policy is approximately equal to

DWzé%.
i

(5.1)

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

In addition, we break down DV, 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-speci ¢ variables re ects 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 DV into its determinants.

Before proceeding further, we make three comments about the robustness of our re-
sults. First, 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 poli-
cies in any of the other school years in our sample delivers very similar results. Second,
we report our welfare analysis only for families. The rest of households are affected by
the policy only via its impact on house prices. While some gain and some lose from the
policies, the net welfare changes for the rest of households are two orders of magnitude
smaller than those experienced by families. In addition, while we report the monetary
costs of each policies, we do not introduce a tax system to balance the city government
budget. Since we nd aggregate welfare losses from both policies, introducing a tax sys-
tem would only strengthen our results. Third, we explore the possibility of multiple equi-
libria driven by complementarities in school choice. While in the baseline economy we
rely on the observed con guration of prices and school peer composition to select a spe-
ci ¢ equilibrium in case multiple exist, a similar selection device is missing in counterfac-
tuals. In Appendix D.4 we show that while multiple equilibria might exist, our results are
virtually unchanged across all equilibria we identify.
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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
refer to these schools—and to the neighborhoods in their catchment areas—asreceiving
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 assending
neighborhoods.?° 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-
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

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 sendinggroup 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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Figure 2: School Choice Expansion Policy

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

(colored bars), as detailed in Equation (D-1), for different sets of families. Figure 3a 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 bene t 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 signi cant 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 3b 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
welfare, primarily coming from access to public schools with better peers and for which
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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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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 Receivergor 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 rst 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 (a), idiosyncratic preference received from attending a public school if doing so
(ss#), commuting costs (t), net value from attending a private school if doing so ( cwn + Sp#p,), exoge-
nous neighborhood amenities (ag, + aj, log(w) + sy#), and value from consumption ( uwpn). The formal
decomposition of welfare into its components is shown in Equation D-1.
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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.

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. 2*
On the other hand, ED families who live in receiving neighborhoods at baseline experi-
ence a net welfare loss that originates from the signi cant decline in their average school
peer composition after the in ow 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 exposurebetween 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 af uent 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-

2lincreased 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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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.

sponseso the policy. To mitigate their welfare loss from decreased peer quality, non-ED
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).??
We nd 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
ight of receiving families into private schools. 2° Last, we check the robustness of our

22These cutoffs are chosen so that the measure of families in sending neighborhoods is constant across alll
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-
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Figure 4: Spatial Heterogeneity in Exposure and Take-up for the School Choice Policy

The gure 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.

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 ef ciency gains from the policy, and changes in an additional
term that captures the bene t 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.

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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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
signi cantly reduce the welfare gains for those taking advantage of the policy, and con-
centrate the in ow 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
to reside in neighborhoods near high-quality schools, including potentially in the more
af uent 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-peer quality receiving schools identi ed 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 towards 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 at payments. Clearly, 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. Figure 5a shows
the decomposition of welfare effects for all families, as well as for ED and non-ED families
separately. Figure 5b 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 receiver}y those ED families who do not live in receiving neighborhoods at baseline
but do under the policy ( complier$; and all other ED families. The voucher policy exhibits

2ANote that, as highlighted in Table 3, some ED families would chose to live in receiving neighborhoods
even absent the voucher. Our policy designates also those families as voucher recipients on implementabil-
ity grounds, as it is typically hard for a policy-maker to identify the set of infra-marginal families.
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Figure 5: Decomposition of Welfare Effects for the Voucher Policy

(a) Decomposition for all families, and by ED status
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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 Receiversor 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 rst 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 ( ga), idiosyncratic preference
received from attending a public school if doing so ( ss#), commuting costs (kt ), net value from attending
a private school if doing so (cwn + Sp#p,), exogenous neighborhood amenities (ag, + ain log(w) + sy#),
and value from consumption ( uw ). 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.

an average welfare loss of $439, as depicted by the leftmost black bar in Figure 5a. This
outcome is quantitatively very close to the impact induced by the school choice expansion
policy. %°

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 rst, 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 signi cant welfare loss from com-
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 signi cant
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 signi cantly lower

25The (unconditional) average monetary cost of the voucher amounts to $446 per family, or about two-
third the cost of expanding school choice.
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Figure 6: Spatial Heterogeneity in Exposure and Take-up for the Voucher Policy

The gure 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.

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 in ux 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.
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Figure 7: Zoning and Change in Neighborhood Composition under the Voucher Policy

The gure 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, hiy? (blue dots). Zoning regulation is de ned 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.

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-
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 in ux of voucher-holding
families who would have to complement the voucher with their own resources in order
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.

40



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 modelis identi ed 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 nd that common instances of such policies like school-choice expansion and hous-
ing vouchers are moderately effective at improving their bene ciaries' outcomes. On the
other hand, families who have already made signi cant investments in their children's
education by residing in af uent 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 in ow 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 (Bayer et al., 2016).
Second, our model could be enriched with other possible responses of parents to poli-
cies aimed at integrating heterogeneous peer groups within educational settings, such as
seeking special classroom assignment for their children (Crema, 2023) or adopting parent-
ing styles at home that control 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 institutions, such as school boundaries and zoning restrictions,
as natural—albeit challenging—improvements on our counterfactual analysis. We see all
these 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 la.

A.1.1 Public school choice in the WCPSS

Each address in Wake County is associated with a baseschool 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 optionschool.

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 curricula
(e.q., 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 ensur-
ing racial diversity in schools to that of ensuring socioeconomic balance. Assignments 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, economically
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 county 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 school [was]
because of population growth, and that is what it was. The busing was not intended



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 nal 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
nal 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 schoolor in their catchment area over the sample period. Areas left uncolored are
out of our sample and essentially non-residential.

primarily for diversity but just to Il'in ... schools.” 25 Figure A-1 illustrates changes in
catchment areas over the sample period. The map on the left shows in red all neighbor-
hoods 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 nal 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 nal 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 catch-
ment 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

260ver the 2000-10 decade, the public school population in the WCPSS increased from about 95,000 to
more than 140,000.
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on their residential address, parents can apply to a subset of these programs for their
child. Also based on their residential address, parents may or may not be offered school
transportation to the magnet school. 2’ 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 sthat 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:s2 NT nrands2 Tpt+1,0rs2 Tpt and
s2 NT pt+1. In addition to these changes in transportation provisionall 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).

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.?® 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
( rst 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

2TFigure 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.

28|n 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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Figure A-2: Changes in Transportation Provision to Option Schools

The gure 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 andtransportation provision between n and schanges across these two years.
Areas left uncolored are out of our sample and essentially non-residential.

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;
speci cally, 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 rst get higher priority for that school than applicants who rake the school
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lower on their application list. 2° If, for each school, the number of rst-choice applicants
exceeds the number of seats, each applicant will only be considered for admission to their
rst choice, rendering all choices ranked below the rst 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 rst-
rank applicants over others, it retains the incentive to strategize as the number of choices
students can submit is capped (three to ve choices allowed, out of a choice set of, on
average, about 20 schools).

A.1.2 On the exogeneity of institutional changes

The identi cation 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 justto llin ... 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 aresult 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 (de ned 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

29Dur 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 rst 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 2to(t 1) (¢t Jto(t 1) (t Hto(t 1)

Change in (log) base peer quality, (t 1)tot 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 (de ned 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
signi cance 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)tot,andfrom (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 enroliment shares

Change in within-neighborhood enrollment share
Overall Conditional on ED
(t Dtot (t 2to(t 1) (t Dtot (t 2to(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
enroliment share is used as outcome in the rst two columns; share conditional on being EDs used as outcome in
the last two columns. Standard errors are clustered at the neighborhood level and reported in parentheses. *, **,
and *** indicate statistical signi cance 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 Center(NCERDC)3° 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 nal 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

3Ohttps://childandfamilypolicy.duke.edu/research/nc-education-data-center/ , accessed
August 2021.
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students over the four years of data. Our nal sample consists of 312 neighbor-
hoods.

3. Giventheir 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 ve 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 systemh(tps://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 de ne skill types, a2 fay,...,a100, as the deciles of the
continuous standardized baseline skill distribution.

A.2.2 Schools

Public schools: location, peer quality, capacity. Figure 1a 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 sin year t.
All kindergarten students with non-missing kindergarten literacy assessment scores (and
school attended) are used to compute school peer quality. For each schools, the number
of seats reserved for option (as opposed to base) students in yeart (gsy) is measured as
follows. If sis oversubscribed inyear t, then gs; is set to the count of kindergarten students
attending s as an option in that year. If it is not, then Qg is set to the average number of
kindergarten students attending sas 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 t,p, 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:f (Bnt, Tnt, NT nt) ]
t = 2013,...,2018, where By is the base school associated withn in year t, T, is the
set of option schools providing transportation to neighborhood ninyear t, NT ¢ 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 contiguouspoints with public school choice menu
f (Bnt, Tnt,NT nt) jt = 2013,...,2018. Formally, let us denote each residential address
by its coordinates (x,y). Then, (x,y) 2 n only if the following three points are satis ed:

1. (x,y) has base schoolBy,; in school year t, for eacht.

2. Tny is the set of all public schools (except for By, ) providing transportationto  (x,y)
in school year t.

3. NT  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 f (Bnt, Tht, NT nt) j t = 2013,...,2014
but are not touching, they make up distinct neighborhoods. Our de nition 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 tns. 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.3!

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-5b represents MLS regulations over (res-

3lhttps://www.openstreetmap.org/  , accessed August 2021.

A-11



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-5b 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, mls ,, = minf mis(x,y) j
(x,¥) 2 ng, where (x,y) simply denotes the coordinate of any point in Wake County
zoned for residential use, and mis (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
housesize, rather than lot size. We map neighborhood restrictions on minimum lot size
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(mls,,) into a minimum house size available ( h;?). Regressing observed house sizes (in
square feet) on our measure of minimum lot size (mls ,,, in acres) yields the mapping:
h, = 641+ 892 mls,. From this mapping, we compute hy° = E[h,jmls,] for each
neighborhood n, as well as the essential minimum housing hg = 641 (minimum house

size in the absence of regulation, mls, = 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 1956.3? 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-
speci c 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-5a.

Household income w and average neighborhood income w,. We use the following
(tract- and county-level) variables from the ACS ve-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 In ation-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 ve-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 In ation-Adjusted Dollars)” (NHGIS

32https://www.wakegov.com/departments-government/tax-administration/real-estate , accessed
August 2021
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Code AlJA) gives household counts by census tracts for families with and without chil-
dren and for 16 brackets of household income. We use variables AIJAEO04-AIJAEQ019,
AIJAEO40-AIJAEO55, and AIJAEQ75—-AIJAEQ090 to characterize the income distribution of
our “families,” and AIJAE021-AIJAE036, AIJAEO57—-AIJAEQ72, and AIJAE092—-AIJAEL107
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 for households of each type
(w 2 f wyq,...,wi0Q) 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 $200,0007). Next,
net income is obtained from gross income using the NBER TAXSIM program, assuming
the following household characteristics: married couple, spending 28 percent of their in-
come on a mortgage, and with one dependent younger than 13.33 We use these household
characteristics for all households in the model, that is families and other households. To
aggregate 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
(thatis, with family income in the past 12 months below $50,000 in 2017 in ation-adjusted
dollars) to ED, and the six higher brackets to non-ED. ED status in the NCERDC is de-
termined by eligibility for free or reduced-price lunch. Income levels for eligibility to the
programs are determined annually by the USDA. 3* 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.3®

Average income in neighborhood n is obtained as: Wn = & ot w,,. w,gW  Pr(w j n),
where w is the level of household income for each discrete type (constructed as indicated
above) and Pr(w j 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 1b 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.

33https://users.nber.org/ ~taxsim/ , accessed August 2021.

34https://www.fns.usda.gov/cn/income-eligibility-guidelines , accessed August 2021.

3Shttps://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  f (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 aobserved inthe NCERDC data

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

(&) 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) = éWOszfT.(,v\:\jgn*)’f(an) if w2 fwy,...,wsg and Pr(w j n,non-ED) =

5w02fw5|,3..r.,(wvlvig)"f(qu) if w2 fws,... w0 while Pr(wjn,ED)= 0ifw2fws,...,WiQ

and Pr(w j n,non-ED) = Oif w 2 f wy,...,w4Q.

(b) Combining with the NCERDC data, total counts of families of each income and
skill types are given by: Naw = & Naepn Pr(wjn,ED)if w2 f wy, ..., Wag,
and Naw = &, Ngnon-epn  Pr(w j n,non-ED) if w 2 f ws, ..., w100, Where
Naepn (resp. Nanon-epn) is the count of ED (non-ED) students with skill type
aliving in neighborhood n observed in the NCERDC.

& w2f wq,...W109 Naw w
3 N

(c) Average income conditional on skill type ais then given by:

a wf Wq,...W100 aw0

The distribution of family types across neighborhoods is constructed as p pjaw = Nanon-ED.n
Pr(w j n,non-ED) if w 2 f wy,...,w4g, and Nyjaw = Nanonepn  Pr(w j n,non-ED) if
w2 fws,... W0

A.2.4 Descriptive statistics

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

PANEL A: N EIGHBORHOOD SAMPLE

# of transactions obs. per year

Avg sale price by sqgft

Avg MLS regulation (acre)

Avg minimum house size (in sqft)

Avg # of school options (excl. base)

Avg # of school options w/ transp. (excl. base)
Distance to base sch. (miles)

Avg. distance to option sch.

Has base change during period

Has catchment area change during period
Has change in option set during period
Avg # of student obs. per year

Share of econ. disadv. (ED) students

# of neighborhoods in sample

# of neighborhood-year obs.

PANEL B: STUDENT SAMPLE

Is economically disadvantaged (ED)

Attends base, cond. on being ED

Attends base, cond. on being non-ED

Attends option w/ transp., cond. on ED

Attends option w/ transp., cond. on non-ED

Attends option w/o transp., cond. on ED

Attends option w/o transp., cond. on non-ED
Log-skills (standardized w/in cohort) cond. on ED
Log-skills (standardized w/in cohort) cond. on non-ED
# of student-yr obs.

PANEL C: PUBLIC SCHOOL SAMPLE

Avg peer quality

Share econ. disadv. (ED) students

# of student obs. in sample (per year)

Is option school for some address

Has catchm. area change during period (base)

Has elig./transp. change during period (options only)
# of schools in sample

# of school-year obs.

Mean Stdev Min Max
51.67 56.45 0 322
127.43 35.45 13.05 323.2
0.15 0.24 0 0.92
885.81 252.1733 641.74 2,236.23
17.75 0.63 14 19
4.06 0.70 1 6
3.71 3.24 .08 16.82
11.00 6.18 0.44 34.59
0.23 0.45 0 1
0.63 0.48 0 1
1 0 1 1
27.59 28.38 3 197
0.42 0.31 0 1
312
1,248
0.35 0.48 0 1
0.76 0.43 0 1
0.73 0.44 0 1
0.16 0.37 0 1
0.21 0.41 0 1
0.08 0.27 0 1
0.06 0.24 0 1
0.56 0.83 1.44 3.45
0.30 0.95 1.44 4.23
34,428
1.34 0.38 0.51 2.56
0.39 0.22 0.00 0.90
80.63 29.91 4 195
0.85 0.36 0 1
0.55 0.50 0 1
0.91 0.28 0 1
111
428

The table shows descriptive statistics on our nal 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 signi cance 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:

ps,n,t = bllf Busgs‘n‘t + b2t ns+ b31f Busgsvn't tns + dS,t + d’] + es,n,t y (B‘l)

where psnt is the share of children from cohort t in neighborhood n attending option
school s; 1fBusg,,; 2 f0,1g indicates whether transportation is provided to school s
from neighborhood ninyear t;t s 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 bene t 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-speci ¢ aggregate trends in enrollment ( ds,,) and
include neighborhood xed effects ( d,) to exploit the within-neighborhood (across co-
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horts of kindergarten students) institutional variation in transportation provision. 36

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 Enroliment

(1) (2) 3) (4)
1f BusgS’n’t 0.008***  0.007*** 0.024*** 0.023***
(0.002) (0.002) (0.005) (0.005)
1f BusgS’n’t ths 0.033*** 0.033***
(0.005) (0.005)
ths 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 enroliment. Standard errors are clustered at the neighborhood
level and reported in parentheses. *, **, and *** indicate statistical signi cance 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.

36The speci ¢ 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-speci c effects of transportation.
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Table B-3: Neighborhood School Transportation and School Enroliment (Model)

@ @ (3) (4)

1f Busgs,n,t 0.014 0.015 0.031 0.031
1f Busgsm,t ths -0.030 -0.029
ths -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 ( @) 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 de ne formally here. Below, we use &(i), (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). 5s(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 aand ED
statusedsforall a2 f a,...,a;pgand eds= 0,1[A 2 moments]

T2 A a ayg) where Agio=fija(i)= aiisnon-ED, and t(i) = tg
and A, ;= fija(i)= aiisED, andt(i) = tg

2. Regression coef cient (b1) 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 c;r 1 o} PRI . R
= thivgiy where Aig= fijiisnon-ED,s(i) 2 Ty, andt(i) =t
Tt:l#At'edsiZAat,eds n(i)s(i) t, ] (1) 2 Tyt ()= tg

and A1 = fijiisED,s(i) 2 Ty, and t(i) = tg

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
1 #At,edsi

g
a

t=

a taiysi) Where Aio= fijiisnon-ED,s(i) 2NT nqy, andt(i) = tg

t,eds

=l

and Ayy = fijiisED,s(i) 2NT .y, and t(i) = tg

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

g 1
3 - 3 varn:  #A
S.l & #Anr an nt nt

|~
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10.

11.

12.

where

Ant=fijn(i)= nandt(i) = tg
Asni = fijs(i)= s,n(i) = nand t(i) = tg
#Asnt

Pr(sjn,t) = A

20 123

andvar; = § Q@Pr(sj n,t) & Pr(sjntA £
s2L ntnPn s2L ntnPnp

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

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

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

T — . H —_—
g Miin()andt(i)= 19 ¢ e NCERDC
t=1 #ijt(i) = tg

. 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.

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

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

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

a price,,, foreacht
n

i 1
a price,, foreachn and ~
t

=l
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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:

exp(Vaw,n)
& i exp(Vaw,i)
h [
where Vaw(Ln) = Efug Maxsp ,f PsVawen + (1 pS)VE,vF\)/jng , With VE,VF\)Ijn = maxf vy g, jn:
Vaw,P,jnd- The school year subscriptt is dropped to simplify exposition. The probability
of applying to school sconditional on neighborhood n and child skills k,
h [
Psinaw = Pr Vaw,sjn \7aw’§jn 852L, ,

Wlth Vaw’n = UW,n + aOn + aln |Og (W) + V_alw(L n),

pnja,w =

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
S2 Lnis: Ppgaw = Psnaw  Pnjaw If Psis the admission probability to school s condi-
tional on applying, then the probability that a family of type  (a,w) chooses neighborhood
att

n and attends schools 2 L , is: pﬁf‘sjaw = Pngaw Ps Similarly, p3l = Pgnaw Ps
Then:

1. Average peer quality in the (public) school attended by a child with skills type aand
ED statusedsforall a2 f a,...,yggand eds= 0,1[K 2 moments]
8 1 9
<

=~

0
a.4@ a plyw 3 f(wjaedy
tw N s2L ntnPp !

2. Regression coef cient (b;) 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

( ! )

a aa aa pﬁfgaw ths f(awjedy ,foreds=0,1
t a w n

s2 nt

=+~

4. Average (over years and neighborhoods) distance to option school attended condi-
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tional on transportation not being provided, separately for ED and non-ED students
. C ! D
7 at  xt,s X Fla,wleds) ,foreds=0,1

pn,s|a,w
t a w  nseNTu

5. Average standard deviation of neighborhood-level attendance share across public

schools [1 moment]

@) 20 1231
1 T
T 8 2@F)s|n,if - Ps|n,tA gg X Pn,i
t=1 n Seﬁnt\Pn SEﬁnt\,Pn
where, for each yeart, Pyt = = Pyjp0 X F(a,w) and Py, , = p?ﬁ o X Fla, w).
a,w a,w

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

7. Share attending private school among applicants to option schools who lose the
admission lottery in 2015 [1 moment]
fallback
s,n,u,w(1 - Ps)ps,n|a,wf(a/ ZU) X I{S € 774 UNTH} X p'pmnmw
s,n,a,w(1 - ps)ps,n\a,wf(ar ZU) X I{S € 771 UNTW}

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

1
= Pjaw % F(a,w) for each n
T t w s '

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

1 pz‘wxfo(w), for each n
T t w

10. Average neighborhood income for families and the rest of / other households in each

neighborhood [N x 2 moments]

wW g pn\a,wf(a/ ZU) 1 k wpz|wf0 (ZU)

and — for each n
t w a pn\a,wf(ar w) T, w p2|wf0(w)

Sl =
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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
— 1y foreachn and — ry foreacht
T , N

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 ap, and a;,. Consistently with Equation (2.4), the value of neighborhood n amenities
for a family with income w is given by: ag, + aj,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 ¢ for ED and non-ED fam-
ilies. The estimated PUMA-level private school costs C generally align with average
private-school tuition in each PUMA, which are shown as a reference in Figure C-3.
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