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1 Introduction

Much research in urban economics and regional science has focused on improving our un-

derstanding of the relationship between housing markets and the urban economy. One

important focal point of research has been to study the impact of locational amenities

and spatial heterogeneity on equilibrium sorting patterns of households.1 During the past

decades, researchers have developed equilibrium models in which households (or firms) sort

themselves within an urban area taking into consideration differences in spatial amenities

(such as proximity to central business districts) and local housing market conditions. Vari-

ation in amenities across locations impacts the demand for locations. This in turn gives rise

to variation in land and housing prices. The importance of such spatial patterns may be

magnified through endogenous variation in neighborhoods, variation which may reflect local

social interactions, heterogeneity in household demographic characteristics and preferences,

or spatial agglomeration effects on firm productivities.2

Parallel to the development of spatial equilibrium models, there has been much progress

in theoretical research that analyzes local public good provision in a system of local juris-

dictions.3 These models take as their starting point the idea that households are at least

potentially mobile. Communities differ according to their levels of public good provision,

tax rates, and local housing market conditions. Each household takes these factors into

account in choosing a community. If local public good provision is decentralized via local

majority rule then the level of public goods will depend on characteristics of the commu-

nity’s residents. Households will sort among communities according to tastes and income, so

that households with similar preferences for local public goods will tend to live in the same

community. Since the population of each community is endogenous, the set of households

who live in the community and the decisive voters in the community are jointly determined

1This literature starts with the classic papers by Alonso (1964), Mills (1967), and Muth (1969).
2Firm location decisions in the presence of agglomeration effects are studied in Lucas and Rossi-Hansberg

(2002).
3This literature was inspired by Tiebout (1956). See, for example, Epple, Filimon, and Romer (1984),

Goodspeed (1989), Epple and Romer (1991), Nechyba (1997a, 1997b) and Benabou (1996a, 1996b), Fernan-
dez and Rogerson (1996, 1998), Nechyba (2000, 2003), Benabou (2002), Fernandez and Rogerson (2003),
and Rothstein (2006).
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in equilibrium. When voting and thereby collectively determining the level of public good

provision within a community, voters take into consideration the interaction among housing

market equilibrium, mobility, and public good provision.

While these two sets of models attempt to explain the same observed sorting patterns,

they rely on different mechanisms. In Tiebout models, household preferences for location are

primarily driven by differences in publicly provided goods and tax rates across jurisdictions

in the metropolitan area. In Muth-Mills models, spatial variation in amenities is the key

driving force behind sorting patterns. Tiebout models typically ignore spatial heterogeneity

while most spatial models ignore the importance of competition among jurisdictions.4 These

abstractions are naturally of concern. One purpose of this paper is to provide conditions

under which models that assume a single housing price in each community continue to apply

in the presence of location-specific amenities that vary both within and across communities.

Such an aggregation result is not only interesting from a purely theoretical perspective,

but also has important implications for empirical work. There has been much interest

lately in studying identification and estimation of locational equilibrium models.5 A theory

based estimation approach differs from a traditional regression based empirical approach in

several important ways. The estimation procedure is directly derived from a well specified

underlying locational equilibrium model. A key purpose of this approach is thus to identify

and estimate the primitives of a theoretical model (such as preferences, technologies, and

distributions of endowments) given the available data sources. This approach then provide a

direct test of the goodness of fit of the underlying locational equilibrium model. Moreover,

once we have estimated all parameters of an underlying model, we can consider out-of-

sample predictions to validate the model. Alternatively, we can perform counter-factual

policy experiments to determine the likely impact of policy interventions such as tax or

4Exceptions are deBartolome and Ross (2003) and Hanushek and Yilmaz (2007).
5See, among others, Epple and Sieg (1999), Epple, Romer, and Sieg (2001), Wu and Cho (2003), Sieg,

Smith, Banzhaf, and Walsh (2004), Calabrese, Epple, Romer, and Sieg (2006), Ferreyra (2007), Walsh
(2007), and Epple, Peress, and Sieg (2009). Bergstrom, Rubinfeld, and Shapiro (1982), Rubinfeld, Shapiro,
and Roberts (1987), Nesheim (2001), Bajari and Kahn (2004), Bayer, McMillan, and Reuben (2004), Schmid-
heiny (2006), Bayer, Ferreira, and McMillan (2007), and Ferreira (2005) are examples of related empirical
approaches which are based on more traditional discrete choice models or hedonic frameworks.
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expenditure reforms. Finally, we can estimate welfare measures that are broadly consistent

with partial or general equilibrium effects. A theory based approach thus allows researchers

to address a variety of important research questions that are outside the scope of traditional

regression based empirical analyses.6

It is, therefore, natural to explore the implications of spatial heterogeneity using esti-

mation strategies that are based on locational equilibrium models. This paper shows that

the basic ideas that underlie many of the recent empirical approaches remain valid. In par-

ticular, under the conditions we develop here, the models, estimation methods, and results

in Epple and Sieg (1999) and Epple, Romer, and Sieg (2001) are valid in the presence of

such location-specific amenities. This result is a direct consequence of the aggregation prop-

erty since the representation of preferences that imposes the existence of a single housing

price for each community is a valid characterization of preferences among communities. As

a consequence we can estimate household preferences by focusing on sorting among com-

munities, ignoring sorting within communities. Another consequence of this result is that

estimation approaches that entail solving for equilibrium as part of estimation algorithm

as discussed in Calabrese, Epple, Romer, and Sieg (2006) are also valid in the presence of

spatial variation of amenities within communities.

While it is reassuring to know that spatial heterogeneity within communities can be

ignored under certain conditions, there are clearly many useful applications in which it is

desirable to have reliable measures of location specific spatial amenities. Unfortunately,

spatial amenities are often observed with error or sometimes hard to measure at all. It is,

therefore, useful to explore indirect approaches for measuring spatial amenities. Another

contribution of this paper is that we show how to construct simple sufficient statistics that

capture location specific spatial heterogeneity if the assumptions needed for aggregation

are satisfied. These measures are based on the observed value of housing per unit of land

and exploit recent advances in the estimation of housing production functions developed in

6See also the survey paper by Thomas Holmes in this edition of the journal that provides a general
discussion of theory based estimation procedures and their applications to regional sciences.
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Epple, Gordon, and Sieg (2009).7 We illustrate this new technique for measuring amenities

using an application which analyzes housing construction and household sorting in the

Pittsburgh Metropolitan area. We use a parametric approach to estimate the production

function of housing and construct amenity measures. We find that these amenity measures

capture proximity to important local employment centers as well as heterogeneity in school

quality within a given school district.

The rest of the paper is organized as follows. Section 2 discusses how to extend locational

equilibrium models to account for spatial heterogeneity. Section 3 provides a set of sufficient

conditions guaranteeing the existence of a well-defined (aggregate) locational equilibrium

model that is consistent with spatial variation in amenities. Section 4 provides a new

approach for measuring spatial amenities. Section 5 provides some empirical results to

illustrate the new technique for measuring amenity values. Section 6 offers some conclusions

and discusses important areas of future research.

2 A Model

In this section we outline how to construct a locational equilibrium model that accounts

for spatial amenities. Consider a metropolitan area divided into J jurisdictions with fixed,

historically-determined boundaries. Each jurisdiction provides a local public good, g, and

finances expenditure on the good with an ad valorem tax, t, on the value of housing.

A key departure from the models considered in the previous literature is that we assume

there are Ij geographic areas or locations, indexed by i, within municipality j.8 Each

location has land area that is continuously divisible. We denote by pl the price per unit

7Using the same techniques, we can also show how to estimate the price of housing services in each
community. This research is related to Sieg, Smith, Banzhaf, and Walsh (2002) who consider a model in
which housing services are provided from multiple inputs and derives the associated indirect utility function,
demonstrating that a single price index captures the role of housing inputs when the production function
for housing services exhibits constant returns to scale.

8The larger jurisdictions that comprise the metropolitan area are referred to as “communities.” The
smaller areas within each community are referred to as ’locations.” We suppress the location specific index
(i, j) where this can be done without causing confusion.
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land and notice that this price is location specific. We depart from the classic monocentric

urban model by assuming that the metropolitan plain need not be featureless. Instead,

locations in the metropolitan area may differ in a vector of amenities. These amenities, taken

by private market participants as exogenously given at each location, may include, inter

alia, air quality, aesthetic appeal of the natural setting, distances to places of employment,

commerce, education, recreation, and noisy streets. We denote by A the amenity level at a

location. We assume that the amenity vector is constant within location but varies across

locations.

In each location there is a firm, which behaves competitively and produces a housing

good q from two factors, land l and structures m, using a constant returns to scale technol-

ogy, q = q(m, l). Land can be purchased at a price pl and structures at price pm. The price

for structures is constant within the metro area. The price of q is denoted by pq. Solving

the firm’s optimization problem and assuming that land is in fixed supply, we obtain an

aggregate housing supply function denoted by Qs(pq) that is monotonically increasing in

the price of housing pq.

The metropolitan area is inhabited by a continuum of households varying in preference

parameter α and endowed income y. The metropolitan population is normalized to one and

has density f(α, y). Households obtain utility from amenities, A, from housing consumption,

q, from a locally provided public good, g, and from the numeraire bundle, b. Households have

the utility function U(α, g, q, A, b). Households face the budget constraint y = (1+t)pqq+b,

where, as explained above, the price of housing, pq, may vary with location, and the price

of the numeraire good, is the same at all locations and normalized to be 1. We assume that

all households are price takers.

It is useful to model the household choice problem as occurring in two stages. In the

first stage, the household determines the optimal housing and consumption plans for each

location given the prices of housing and the prize for the composite consumption good. In

the second stage, the household chooses the location at which it obtains the highest utility.

Suppressing the location superscript, we can write the first stage of the household’s problem
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at a location with housing price pq and amenities A as:

maxq U(α, g, q, A, b)(1)

s.t. y = (1 + t) pq q + b

We denote the implied indirect utility function of household (y, α) as V (α, g, pq(1+ t), A, y),

and the associated demand function for housing services as qd(pq(1 + t), A; y, α).

Based on our characterization of household preferences, we can then characterize the

sorting patterns of households. Let Cij denote the set of households residing in location

(i, j):

Cij =
{
(α, y)

∣∣∣ V (α, y, gj , p
q
ij(1 + tj), Aij , y)(2)

≥ max
km6=ij

= V (α, y, gk, p
q
mk(1 + tk), Amk, y)

}

The housing market clears in location (i, j) if the following holds:

∫
Cij

qd(gj , p
q
ij(1 + tj), Aij , y, α) f(α, y) dy dα = Qs

ij(p
q
ij)(3)

Aggregating over the set of of locations that form a community, we can compute total

tax revenues for each community. Budget balance in jurisdiction j requires:

tj
∑
i∈Ij

pq
ij

∫
Cij

qd(p
q
ij , Aij ; y, α)f(α, y) dy dα = c(gj)(4)

where c(gj) denotes the costs of providing gj .

Moreover, we can close the model and show that a voting equilibrium exits. By exploiting

the aggregation results developed in this paper, the existence of voting equilibrium can be

established using the approach developed in prior research.9 Since our focus here is on

developing the aggregation results, we do not detail the analysis of the voting problem.

9For a detailed discussion, see, for example, Epple, Romer, and Sieg (2001).
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An equilibrium for this model is then defined as follows:

Definition 1 An intercommunity equilibrium consists of a set of communities; a continuum

of households; a distribution of household characteristics; and a partition of households

across communities and locations such that every location has a positive population; a vector

of prices, a vector of tax rates; an allocation of public goods; and an allocation of private

goods for every household, such that:

1. Every household, living in a given location maximizes its utility subject to the budget

constraint.

2. Each household lives in one location and no household wants to move to a different

community.

3. The housing market clears in every location.

4. The budget of every community is balanced.

5. There is a voting equilibrium in each community: Over all levels of taxes and expen-

ditures that are perceived to be feasible allocations by the voters in each community,

at least half of the voters prefer the equilibrium levels of taxes and expenditures over

any other feasible combination.

In the above definition, we have avoided further notational complexity by assuming

all urban locations are occupied. The model can be extended in an obvious way to the

case where the amenity levels at some locations are sufficiently low that the locations are

unoccupied in equilibrium.

3 Aggregation

In this section, we provide sufficient conditions under which the model discussed above

allows a representation such that a single housing price in each community continues to
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apply in the presence of location-specific amenities. We show this to be the case when the

following additional assumptions apply.

Assumption 1 The bundle of amenities can be mapped into a uni-dimensional in-

dex, a(A), common across households, with utility increasing in the value of the index:

Ua(α, g, q, a, b) > 0.

Assumption 1 is strong and rules out, for example, models with horizontal taste differen-

tiation in which the uni-dimensional aggregation index is type specific. Thus households

do not use the same aggregation rule.10 It also rules out multiple index models in which a

single index that captures the impact of all amenities on the utility of households does not

exist

Employing Assumption 1, we suppress A until we return later to our empirical ap-

plication. Note that Assumption 1 implies that a change in the metropolitan equilibrium

associated, for example, with a change in the population distribution f(α, y) will not change

the ordering of housing prices within any community. That is, for every j, the ordering of

pq
ij across locations i ∈ Ij is the same in any equilibrium.

Assumption 2 The utility function can be written U(α, g, q, a, b) = U(α, g, h(q, a), b).

Assumption 2 states that there is a housing index, h, that incorporates the effects of land

and non-land inputs, and amenities.

Assumption 3 The index of housing services is multiplicatively separable: h = q · a(A).

Using assumptions 1 through 3, the choice problem of a consumer at a location with amenity

a and price per unit housing services pq is then:

max
q

U(α, gj , q · a, y − pq(1 + tj)q),(5)

10As a consequence, there are interesting applications for which Assumption 1 might be restrictive.
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Substituting h = q · a, this may alternatively be written:

V

(
α, gj ,

pq(1 + tj)
a

, y

)
= max

h
U

(
α, g, h, y − pq(1 + tj)

a
h

)
(6)

Within a community, the consumer chooses among locations with differing amenity levels to

maximize V (·). It follows from the above indirect utility function that any consumer (α, y)

given a choice of locations i ∈ Ij with differing amenity levels will prefer the location with

lowest
pq

ij

aij
. Thus, in equilibrium, all locations i ∈ Ij must have a constant price per unit

of h,
pq

ij

aij
= ph

j . Thus, the indirect utility function for a consumer located anywhere in the

community can be written V (α, gj , pj , y), where pj = ph
j (1 + tj). We have thus shown the

following result:

Proposition 1 Under assumptions 1 through 3, the consumer choice problem can be ex-

pressed in terms of a single price, ph
j , per community that is invariant to location specific

amenities within the community.

The following example, illustrates the main result in Proposition 1. For simplicity we

assume in this example that there is only one community (J = 1) and set the tax rate

equal to zero t = 0. Consider a household that has preferences defined over a local public

good g, a continuously varying local amenity r, consumption of housing services q(r), and

a composite private good b:

U =
{
α gρ + B0

(
r−δ qB b(1−B)

)ρ}1/ρ
(7)

where B0 is conveniently defined. The budget constraint of a household is given by:

y = pq q + b(8)

Solving this optimization problem yields:

B y = pq q(9)
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(1 − B) y = b

Substituting these optimality conditions into the utility function implies that the indirect

utility function can be written as:

V (ri) =
{

α gρ +
[
(r

δ
B
i pq

i )
−B y

]ρ}1/ρ

(10)

Define the amenity-adjusted housing services h as:

h = r−δ/B q(11)

Solving for q and substituting into the budget constraint, we see that the price of h must

satisfy:

ph
i = r

δ
B
i pq

i(12)

Households choose among locations to maximize V . Since there can be no arbitrage oppor-

tunities in equilibrium, it must be the case for any pair of locations i and j that allocations

must satisfy the following equal utility condition:

V (rj) = V (ri)(13)

This equal utility condition implies that the price of amenity adjusted housing services ph
i

is constant and does not depend on i:

ph
i = ph , i = 1, .., I(14)

Hence the indirect utility function does not depend on r and can be written as:

V =
{
α gρ +

[
p−B

h y
]ρ}1/ρ

(15)
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We now adopt the usual single-crossing conditions for multi-community equilibrium

models. Let S(α, y, g, p) = dp
dg |V =V̄

Assumption 4 S(α, y, g, p) is increasing in α for all y and increasing in y for all α.

The following necessary conditions for equilibrium then apply.

Proposition 2 Consider an equilibrium allocation in which no two communities have the

same housing prices. For such an allocation to be a locational equilibrium – no-one wishes

to move – there must be an ordering of community pairs, {(g1, p1), ..., (gJ , pJ)}, such that:

1. Boundary Indifference: The set of “border” individuals between any two adjacent

communities are indifferent between the two communities. This set is characterized

{(α, y)|V (α, gj , pj , y) = V (α, gj+1, pj+1, y)} j = 1, ..., J − 1

2. Stratification: Let α(y) be the implicit function defined by equation (10). Then, for

each level of income y, the residents of community j consist of those with tastes, α ,

given by: αj−1(y) < α < αj(y)

3. Increasing Bundles: Consider two communities k and j such that pk > pj. Then

gi > gjif and only if αk(y) > αj(y).

Propositions 1 through 2 establish that Assumptions 1 through 3 are sufficient to justify

estimation of multi-community equilibrium models while ignoring intra-community vari-

ation in amenities. If we adopt the same functional form for the indirect utility func-

tion employed in previous empirical work such as Epple and Sieg (1999), then the implied

housing demand functions, and house values are valid in the presence of location-specific

amenities. If we know community populations, we can then estimate utility function pa-

rameters while ignoring amenity variation, as we have done in Calabrese, Epple, Romer and

Sieg (2006). Proposition 1, coupled with the assumption that community populations are

known, thus permits solution of the model without the need either to characterize location-

specific amenities or to solve for the price per unit of housing services at all locations. This is
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an exceedingly valuable decomposition of the problem from an empirical perspective. Hous-

ing price per unit in one community can be normalized to one. Amenity-adjusted housing

prices in remaining communities are determined by usual the boundary-indifference condi-

tions, where boundaries here are in the {α, y} space. Since individuals within a community

are indifferent among locations within the community, results are invariant to which types

within a community are located at a physical boundary.

4 Measuring Spatial Amenities

We now turn to the development of a measure of the spatial amenities aij . Note that

the key problem encountered in the analysis is that neither pq nor ph are observed by the

econometrician. However, we observe the value of v = V/L. As shown in Epple et al.

(2009), there exists a monotonic relationship between v and pq if the housing production

function of housing satisfies constant returns to scale. To illustrate this result consider the

value of housing per unit land which can be written as:

v = pq qs(pq) = w(pq)(16)

where qs(pq) is the supply of housing per unit of land which is monotonically increasing in pq.

As a consequence w(pq) is monotonically increasing in pq and hence we have pq = w−1(v).

Under the assumptions in Section 3, equilibrium requires that pq = ph a. Hence:

a =
w−1(v)

ph
(17)

Thus, given a functional form for the housing production function, we can infer the amenity

level from the observed value of a house per unit land up to a community specific factor of

proportionally.

To gain some additional insights, let us consider the special case where q(L,M) is of the
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CES variety.11 In that case, the production function per unit of land is given by

q(L,M)/L = q(m) = [αmρ + (1 − α)]1/ρ(18)

Consider the producer’s profit function per unit of land which is given by

π = pq [αmρ + (1 − α)]1/ρ − pmm − pl(19)

Since m can be measured in arbitrary units and the price of m does not depend on the

location, we can normalize pm to one. The first-order condition for m implies that

m =
1

1 − α

( 1
αpq

)ρ/(1−ρ)

− α

−1/ρ

(20)

After substituting this into the CES production function, we obtain the following supply

function per unit of land:

q(pq) =

α

 1
1 − α

( 1
αpq

)ρ/(1−ρ)

− α

−1/ρ


ρ

+ (1 − α)


1/ρ

(21)

and w(pq) = pqq(pq). Given parameter values for α and ρ, we can be numerically invert

w(pq) to obtain a.

To make this procedure operational, we need to estimate α and ρ. Referring back to

the firm’s problem, the first-order condition for m implies:

mρ−1 =
(1 − α)

αpl
(22)

Next, note that m = v − pl. Substituting this into the above and taking logs yields

ln(v − pl) =
1

ρ − 1
ln
(

1 − α

α

)
+

1
1 − ρ

ln(pl)(23)

11Epple et al. (2009) provide a flexible approach that does not require functional form assumptions.
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For simplicity, we assume that ln(v − pl) is measured with classical error. We then obtain

a well-defined regression model that can be used to estimate α and ρ.12

5 Empirical Results

For our empirical application, we examine data from Allegheny County in Pennsylvania,

which contains the greater metropolitan area of Pittsburgh. Our main data source is from

real estate assessment data collected from the Allegheny County web site, based on assess-

ments by the Office of Property Assessments.13 The web site provides access to a database

with detailed information about all properties, both residential and commercial, in the

entire county. The database is updated on a yearly basis, and contains a wide array of

information about the property, such as details about the owner, usage of the property,

sales and tax information, and building characteristics.

The Office of Property Assessments provides two types of assessment: one from the

county and one based on the ‘full market’ value. The assessments under each type are

decomposed into estimates for the land value, the building value, and the total value. As

noted above, we also observe the most recent sale price and date for property. Though

using market transactions would be preferable to market assessments, we chose the latter

for three reasons. First, many of these sales took place number of years ago; nearly half of

all the transactions took place prior to 1995. Second, of the 371,251 properties for which

we have sales information, the sales price of 83,039 of them, or 22%, are listed as $1. It

is likely that these properties were sold either family members or close friends. Finally,

in July of 2004, the Pennsylvania State Tax Equalization Board performed a study of all

properties that had been sold to determine how close the assessed values were to the sale

prices. They found that on average the assessments were within 2.5% of the sale price. For

these reasons, we chose the assessed market values since they appear to be accurate and

12Epple et al. (2009) discuss how to identify and estimate the underlying production function under much
weaker conditions.

13http://www2.county.allegheny.pa.us/RealEstate/
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give us a consistent measure of housing value.

The complete database lists 561,174 properties. After eliminating all non-residential

properties and those that are listed as condemned or abandoned, we are left with 423,556

observations. We successfully geocoded – matched to longitude and latitude coordinates

– 370,178 of these properties. Properties that were not geocoded were usually those that

lacked sufficient address information to be precisely located, and frequently were outside

the city limits. We used the coordinates to assign each property to the proper Census block,

which allowed us to match income data from the Census SF-3 long-form at the block group

level to each address.14 We also construct a second subsample which focuses on recently

built units. This sample only contains houses that were built after 1995.15

The distance to the city center is a commonly used amenity. However, due to Pitts-

burgh’s unusual geography, a simple ‘straight line’ distance measure does not adequately

capture the actual time it takes to travel from one point to another. For this reason, we

use travel time data from the Southwestern Pennsylvania Commission (SPC) for Allegheny

County. The SPC divided the county into 995 traffic zones of varying size, roughly dis-

tributed according to traffic and population density. The city of Pittsburgh is covered by

465 zones. The SPC provided us with estimated travel times from each zone to another, un-

der both congested and uncongested conditions. We matched each address in the database

to its corresponding traffic zone, and retrieved the travel times to the designated city center

traffic zone.

While the city itself is a single, large school district, it is divided into a set of eight

high school attendance zones. To match each city address in our data set to the correct

attendance zone, the Pittsburgh Public School District provided us with the address feeder

table for the attendance zones. This table consists of a large set of street names and number

ranges along with the corresponding attendance zone. Unfortunately, the table is not an

exhaustive list of all the possible city addresses. We were able to match 85,231 of the 90,676

14The block group is the most disaggregated level at which the Census makes income data available.
15The theory of production technically speaking only applies to new housing construction, and not existing

units that were build in the past using potentially different technologies.
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city addresses with a direct match of the street name and a street number that fell in the

appropriate range. For the remaining 5,445 addresses, we assigned each to the attendance

zone of the closest matched residence. Table 1 provides some summary descriptive statistics

of our data.

We estimated equation (23) using a large subset of our original data containing 359,272

observations. This subset was obtained after eliminating properties which did not have

positive lot area sizes and market values listed, as well as those properties for which we

were unable to match with travel time data. An endogeneity problem arises in estimation if

the errors capture productivity shocks. The use of instruments in estimation largely deals

with this endogeneity problem. We use the travel time to the city center as instrument for

the price of land. Our identifying assumption is then that there are no spatial patterns

in productivity shocks within the metropolitan area. For example, productivity shocks

must be uncorrelated with proximity to the city center. Results for both least squares

and IV regression are presented in Table 2, along with the values of α and ρ implied by the

coefficient estimates. All the parameter estimates are significant at the 99% level. Standard

errors for α and ρ calculated using simulation techniques. Table 3 reports the results for the

sub-sample of recently constructed houses since the theory applies strictly speaking only

for new construction. We find similar results.

Substituting the estimates for α and ρ from the IV regression into equation (21), we

numerically inverted it to obtain the amenity estimates aij for each residence within each

community up to the constant ph.16 Within the city limits of Pittsburgh, we have data on

91,767 residences. For those residences, we have defined the communities as consisting of

the eight high school attendance zones.

Figure 1 shows amenity plots for the entire region of interest with amenity values color-

coded into one of five quantiles. (dark values = higher amenities, white = lowest amenity).

The downtown of Pittsburgh is located at the junction of three rivers. Figure 1 shows

16All of the following estimates were repeated with the parameter values from the least squares case, with
qualitatively similar conclusions.
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that there is a high-value amenity region to the east of the city center. This area contains

Carnegie Mellon University, the University of Pittsburgh hospital system, and Squirrel Hill

and Shadyside. These are generally viewed as being among the most desirable neighbor-

hoods in the city.

We can decompose the amenity into endowed and publicly determined components and

check whether these values are consistent with our expectations. For our endowed amenity,

we used the driving time from that location to the city center under congested road con-

ditions.17 For our endogenous amenity, we used high school attendance zones to capture

differences in school quality. This approach is motivated by the work of Black (1999) who

investigated differences in housing values near boundaries of school attendance zones. Table

4 reports results of logged amenity values regressed on travel time to the city center and

attendance zone dummy variables. As expected, the coefficient on travel time is negative

and highly significant. The estimates for the high school attendance are reasonable for the

most part. The main outlier is the point estimate for Peabody high school. We find a sig-

nificant positive amenity effect despite the fact that test scores for that school are generally

lower than average.18

While Pittsburgh has a distinct downtown area, major local employment centers can

be found in universities, hospitals, and regional business districts. To understand the effect

that such centers have on local amenities, we estimate the radius of amenity influence that

Carnegie Mellon University has on the surrounding housing values. A dummy variable was

created to indicate whether a property was within a particular radius from Carnegie Mellon

University, and we added this variable to the regressions from Table 4. The results for

various sizes of radii are presented in Table 5. We find that the proximity to Carnegie

Mellon University is only valued with a 0.5 mile radius. This non-linearity is consistent

with a “walking distance” proximity amenity.

17Results were similar when using uncongested travel times.
18Ranking the high schools by the 2005 average PSSA math scores, we obtain Allderdice, Brashear,

Schenley, Langley, Carrick, Oliver, Westinghouse, and Peabody. The rankings are similar for reading and
writing scores.
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6 Conclusions and Future Research

As all readers of this paper know, modeling entails adopting assumptions that abstract to a

greater or lesser degree from the complexity encountered in practice, assumptions chosen to

facilitate tractability while preserving features that are essential to the problem being stud-

ied. In this paper, we have presented assumptions that permit analysis of household choice

of community, housing markets, and collective choice within communities while abstract-

ing from amenity variation within communities. From an econometric perspective, these

assumptions permit estimation of structural econometric models using data aggregated to

the community level (Epple and Sieg, 1999; Epple, Romer, and Sieg, 2001; Calabrese, Ep-

ple, Romer, and Sieg, 2006; Sieg, Smith, Banzhaf, and Walsh, 2004). These models can

be solved for multi-community equilibrium and can, in turn, be used to study a variety

of policy issues (Smith, Sieg, Banzhaf, and Walsh, 2004; Calabrese, Epple, and Romano,

2009).

In applying the framework of this paper, the researcher treats as communities a set of

geographic subareas within a metropolitan area. Thus, to apply the framework, the re-

searcher must choose a definition of a community. For example, for some applications, a

community might be defined to be a municipality. For other applications, a researcher might

define school districts to be communities, or, opting for a more fine-grained definition, the

researcher might define school attendance zones to be communities. The more fine grained

the definition of community, the more comfortable the researcher will be with Assumptions

1, 2, and 3 as a characterization within-community spatial variation of amenities. Of course,

a more fine grained the definition creates more substantial demands in estimation and com-

putation of equilibrium. However, as Epple and Sieg (1999) and Calabrese, Epple, Romer,

and Sieg (2006) show, computation of equilibrium and estimation is readily undertaken for

a model with 92 communities. There are no apparent barriers to applying the model to a

much larger number of communities.

We recognize, of course, that there are alternative frameworks. Our goal here has been

twofold. One is to reassure readers who might have concluded that our framework cannot
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accommodate spatial variation in amenities. More importantly, by formalizing conditions

for incorporating spatial amenities, we hope to broaden the scope of application of the

framework.

We conclude with some comments with respect to the broader agenda that lies ahead.

Empirical research in local public economics and urban economics that is based on rigorous,

theoretical equilibrium models has significantly improved our understanding of the role that

local public goods, neighborhood peer effects and spatial amenities play in explaining ob-

served household sorting patterns. As a consequence, researchers now have a quantitative

framework for analyzing the impact of local public policies on housing prices and household

sorting patterns. Previous empirical studies have analyzed a variety of different policies in-

cluding local educational and school finance reform measures, improvements in air quality,

policies aimed to prevent urban sprawl and increase access to open space, and local redis-

tribution. Empirical analysis based on rigorous economic theory has allowed researchers to

address a variety of important research questions such as the estimation of welfare measures

which can take in consideration household adjustments in response to large policy changes.

While there has been much progress over the past decade, it is fair to say that there is plenty

of room for future research. There are many open research questions at the intersection of

urban economics, regional science, and local public finance. Some of these can be answered

using the current generation of urban sorting models. Others are more difficult and will

require new models and empirical frameworks. In the remainder of the paper, we discuss

some of the most pressing challenges and opportunities.

Most current models also do not account for peer effects in residential sorting or use

only crude measures — typically the mean of some distribution of household characteris-

tics.19 This approximation does not account for some salient features of human interactions.

Moreover, we need better models that account for the interaction of neighborhood and peer

effects with other amenities or local public goods. For example, good local schools are par-

19The empirical literature incorporating peer and neighborhood effects in local public good provision
includes early research by Henderson, Mieszkowski, and Sauvageau (1978), and Summers and Wolfe (1977),
and the more recent resurgence reflected, for example, in work of Cutler, Glaeser, and Vigdor (1999), Hoxby
(2000), and Rothstein (2006).
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tially a function of the quality of student body, the quality of parents that volunteer inside

the school and monitor teachers and administrators. Clearly, there are trade-offs. Spending

more resources on schools should improve the quality of the teachers and thus reduces the

need for monitoring by the parents. We are just beginning to understand these issues.

Research also needs to incorporate more realistic models of the housing market. Models

that treat housing as a perfectly divisible homogeneous good are convenient, but often fail

to capture important heterogeneity among housing. Standard differentiated product models

that have been used in the industrial organization literature offer an alternative. However,

estimating housing production functions or supply functions of housing treating housing as

a differentiated product is challenging.

In addition empirical research needs to account for institutional features and urban

housing market policies such as public housing and Section 8 vouchers.20 Locational choices

and mobility of low income households are often constrained by access and availability to

affordable housing. There is very little research that the studies the impact of urban housing

and renewal polices within a well-defined quantitative equilibrium model. Moreover, there

is some empirical evidence that zoning laws can be important in restricting housing supply

in desirable neighborhoods.21

Future research also needs to explore alternative models of endogeneizing public good

provision and test the assumptions that underlie these models. There is some research on

the validity of the myopic median voter model. But voters might be more sophisticated.

Alternatively, there are many policies which may not reflect the preferences of median

voters. Collective decisions may not be made by voters, but bureaucrats or elected officials

that have their own agendas. Thus alternative explanations may be needed. There is much

need for quantitative research investigating the incentives and constraints faced by local

politicians, and decision makers.

20Epple, Geyer, and Sieg (2009) study entry and exit in urban housing programs. They estimate an
equilibrium search model which accounts for rationing due to excess demand in equilibrium.

21Glaeser and Gyourko (2005), Glaeser, Gyourko, and Saks (2005), and Brueckner and Rosenthal (2005)
have forcefully argued that understanding housing supply is key to understanding the growth and decline of
urban areas.
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Finally, most research has been conducted within a static framework. Researchers need

to introduce dynamics in household locational choices and land development. These models

will allow us to get a better understanding of mobility patterns, based on more realistic

assumptions capturing the costs and benefits of mobility.22

22Some early dynamic work include Benabou (1996a, 1996b), Durlauf (1996), Fernandez and Rogerson
(1998), and Glomm and Lagunoff (1999). More recently Ortalo-Magne and Rady (2006) have worked on the
role of uncertainty in housing prices on residential sorting. Epple, Romano, and Sieg (2009) study the impact
of limited mobility on residential within an overlapping generations model. Bayer, McMillan, Murphy, and
Timmins (2007) estimate a dynamic housing demand model. Murphy (2007) considers the dynamics of land
conversion and housing development.
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Tables and Figures

Table 1: Descriptive Statistics

Full Sample of Residential Real Estate (N = 359,272)
Variable Mean Median Stdev Min Max

value per unit of land, v 14.30 11.47 13.70 0.004 698.10
price of land, pl 2.86 2.92 2.68 0.001 100.60
lot area (sq. ft.) 13665 6600 57560 165 6141960
travel time (min.) 23.27 22 10.23 1 62

Post-1995 Sample of Residential Real Estate (N = 6,362)
Variable Mean Median Stdev Min Max

value per unit of land, v 21.44 14.29 26.91 0.15 366.62
price of land, pl 3.32 2.28 3.86 0.05 41.75
lot area (sq. ft.) 26756 15507 52197 540 1207483
travel time (min.) 29.12 30 9.47 1 59
The size of the full residential sample is 359,272, the size of the post-1995 sample is 6,362.

Table 2: Production Function Estimates: Full Sample

OLS Std Err IV Std Err
Constant 1.40 (0.0019) 1.04 (0.0043)

Slope 0.92 (0.0018) 1.36 (0.0054)
R2 0.64 0.49
α 0.8208 (0.0023) 0.6821 (0.0022)
ρ -0.0869 (0.0006) 0.2675 (0.0008)
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Table 3: Production Function Estimates: Post 1995

OLS Std Err IV Std Err
Constant 1.70 (0.0087) 1.37 (0.0300)

Slope 0.95 (0.0073) 1.36 (0.0382)
R2 0.82 0.66
α 0.8581 (0.1029) 0.7333 (0.0357)
ρ -0.0556 (0.0026) 0.2636 (0.0087)

Table 4: Amenity Regressions

Full Sample Post-1995
Amenity Coefficient Std Err Coefficient Std Err

Travel Time -0.01603 0.00019 -0.00411 0.00037
Brashear 0.09606 0.00188 0.23545 0.01998
Oliver 0.01325 0.00209 0.11045 0.02768

Schenley 0.07471 0.00243 0.15881 0.04155
Langley 0.01300 0.00243 -0.09123 0.04572
Peabody 0.21198 0.00216 0.29649 0.03027
Allderdice 0.22537 0.00204 0.15307 0.04061

Westinghouse 0.06711 0.00291 0.02414 0.04061
Constant -0.00846 0.00265 -0.25800 0.01163
Adj-R2 0.2123 0.1023
Obs. 91,767 6,362

Carrick HS is the omitted school.

Table 5: Local Employment Center Regressions

Radius Dummy Value Std Err Adj-R2

0.1 0.09639 0.00524 0.2152
0.2 0.07841 0.00252 0.2206
0.3 0.03230 0.00202 0.2145
0.4 0.03519 0.00198 0.2150
0.5 0.04106 0.00189 0.2164
0.75 -0.00168 0.00181 0.2123
1.0 -0.01504 0.00216 0.2127
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Figure 1: Map of Amenity Values Properties in the Data Set
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