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Teacher salaries in the U.S. routinely rank near the bottom worldwide as a fraction of

GDP per capita. In fact, the US is among a small share of countries in which teachers

are paid less than the average GDP per capita (Sandefur, 2018). Such international com-

parisons and the dueling empirical results on the impact of school spending on student

outcomes naturally raise the question of whether the U.S. spends enough on its public

school teachers and, more generally, on its public schools (Hanushek, 1989, 2003; Jackson

et al., 2016).1

Economists naturally approach questions about the optimal provision of publicly pro-

vided goods like education through the lens of the Samuelson equation (Samuelson 1954).

According to the Samuelson equation, a public good is efficiently provided when its

marginal cost equals the sum of the marginal benefits of those who enjoy it. Due to

the inherent difficulty in inferring the marginal benefits for the millions of members of

society, public goods provision stands as a classic example of a potential market failure

in economics — presenting a challenge for policymakers who decide how much to spend

on schools and teachers. In fact, in the U.S., public opinion on increasing school spend-

ing and increasing teacher salaries is particularly divided. Among survey respondents

who are informed about the level of school spending and teacher salaries in their state,

the partisan gap is 31 percentage points: 62% of Democrats versus 31% of Republicans

believe that school spending should be increased (Houston et al., 2022). Likewise, while

70% of informed Democrats believe that teacher salaries should be increased, only 46% of

informed Republicans share that view (Houston et al., 2022).

At its heart, answering the question of whether the current level of public school

spending in the United State is optimal/efficient requires a way of measuring and ag-

gregating the marginal benefits and cost of school spending. The primary goal of this

paper is to theoretically define and empirically implement a test for the efficiency of pub-

lic school spending in the U.S. that is based on a credible research design.

1The growing consensus, in the literature, as summarized in Jackson and Mackevicius (2021), is that
increased school spending has a causal impact in improving student outcomes.
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We begin by developing a model of local public goods provision and house prices,

following the classic literature in public finance (Musgrave, 1939; Tiebout, 1956; Oates,

1969). Local house prices provide natural meausures of how much households value local

public goods, including school quality as shown in Black (1999), Figlio and Lucas (2004),

Linden and Rockoff (2008), Imberman and Lovenheim (2016), and the papers surveyed

in Black and Machin (2011). Moreover, the housing market provides an attractive context

for inferring the marginal benefits of politically contested public goods such as school

spending because the partisan gap in attitudes towards home ownership and perceptions

of housing affordability is tiny and, moreover, an order of magnitude smaller than the

partisan gap in views of school spending.2

The theoretical model that we develop, while inspired by Tiebout (1956) and Oates

(1969), builds more directly on the key insights in Brueckner (1979, 1982), which show

that the application of spatial equilibrium to a broad class of systems of financing public

goods yields an intuitive efficiency condition. The level of spending on a publicly pro-

vided good is efficient if a marginal increase in spending on the local public good funded

through a corresponding increase in local taxes has no effect on property values. By re-

vealed preference, if increasing local property taxes to provide more of the public good

results in increased (decreased) house prices, then the prior level of spending was inef-

ficiently low (high). We generalize Brueckner’s framework to a setting with households

of heterogeneous preferences and show that this efficiency test is applicable under a very

general set of conditions even when the (stronger) assumptions of the Tiebout model fail.

The intuition informing our model has been implemented in other studies. An espe-

cially well-designed study by Cellini et al. (2010), for example, uses school infrastructure

bond elections to test whether the level of capital spending on schools is efficient. A key

insight of this study is that the passage of an infrastructure bond referendum by local

2In two surveys conducted in 2022, one by the CATO Institute and other by the Pew Foundation the
partisan divide in housing market perceptions was 4-6 percentage points: 90% of Republicans and 86% of
Democrats favored home ownership to renting; and 77% of Democrats and 83% of Republicans perceived
housing affordability to be declining relative to 2021 (Ekins and Gygi, 2022; Pew Research Center, 2022).
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voters naturally bundles the marginal benefits and costs of capital spending on schools,

i.e., the funding for school construction from a successful bond election comes with the

implicit future tax obligations required to pay off the associated debt. In this setting, an

efficiency test can be implemented by examining the direct impact of the marginal passing

of a bond on local property values.

While capital spending is important, it constitutes 8 percent of overall school spend-

ing, on average. Most school spending (92 percent) instead falls into the category of “cur-

rent expenditures,” the vast majority of which is spent on the salaries and fringe benefits

for teachers and other school personnel.3 Unlike capital expenditure, current expenditure

is typically not financed by bond offerings — ruling out the close bond election research

design as a test for the efficiency of current spending.

There are two further challenges to estimating the efficiency of current expenditure

on schools. The first challenge is isolating plausibly exogenous variation in both school

spending and taxes. In the paper that is most similar to ours, Barrow and Rouse (2004),

the authors have an instrument for school spending but not for tax revenue; therefore they

credibly “test for whether the current level of school spending is efficient conditional on

the inefficiency induced by the property tax.” In related work, Dee (2000) and Biasi (2017)

estimate the reduced form effects of school finance reforms on house prices. The second

challenge faced by other credible research designs commonly used in the capitalization

literature, e.g., boundary discontinuity designs and close bond referenda, is that they

require extensive amounts of micro data on house prices and local jurisdictions – making

it difficulty to construct a panel that spans both a long time period and a broad geography.

Consequently, most estimates that leverage quasi-experimental research designs focus on

a single state or metropolitan area (Black 1999; Bayer et al. 2007; Kane et al. 2006; Epple

and Ferreyra 2008; Cellini et al. 2010; Chakrabarti and Roy 2015). The empirical strategy

that we develop successfully tackles both challenges encountered in the literature.

3For this reason we use “current expenditures” and school spending interchangeably in the paper.
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Our empirical test for efficiency is guided by the theoretical results from our model of

spatial equilibrium. Notably, we construct a 25-year national panel of: quality-adjusted

local house price indices (HPI), school spending, and taxes paired with a strategy for iso-

lating plausibly exogenous variation in the school spending and local property taxes. To

construct instruments for current spending, we organize school districts into quartiles of

spending prior to court-mandated school finance reforms (SFRs), and interact pre-reform

spending quartiles with time post reform, following the approach in Dee (2000), Jack-

son et al. (2016), and Lafortune et al. (2018). We use a similar strategy to construct a

new set of instruments for local property tax revenues inspired by the insight in Hoxby

(2001) and Hoxby and Kuziemko (2004) that school finance reforms in some states affected

school districts’ incentives to change local property taxes. We construct instruments for

local property tax revenue by organizing school districts into pre-reform quartiles of local

property tax revenues and interacting pre-reform tax quartiles with time since reform.

To separately identify the impact of school finance reform induced changes in taxes

(school spending) on house prices, we hold the pre-reform spending (tax) quartile fixed

and estimate changes in house prices for districts that were in different tax (spending)

quartiles. For this identification argument to work, we need to have many districts that

differ in their pre-reform spending and pre-reform tax quartiles. In each of the four pre-

reform spending quartiles 34% to 64% of school districts are in an off diagonal pre-reform

tax quartiles. Using a sequence of event study plots we show that our research design

yields plausibly exogenous and independent variations in current school spending and

local tax revenues that are capitalized into local house price indices. We also develop an

indirect test for the validity of the exclusion restriction of our instruments.

Implementing our research design, we find a statistically significant house price re-

sponse to an exogenous increase in current school spending. Holding school spending

levels constant, we also find that house prices fall by a statistically significant amount

in response to an increase in local property taxes. Combining the estimated impact of
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school spending and taxes on house prices, we find that, on the margin, a 1% tax-funded

increase in current spending on schools would increase house prices by 0.33%, suggest-

ing that current spending on schools in the U.S. is inefficiently low. All of our key results

related to house price capitalization and the efficiency tests are robust to the inclusion

of numerous controls for: county × time trends in demographics, potentially concurrent

policy changes, and the subsequent sorting of households across school districts, isolat-

ing different sources of variation to test for homogeneity in our local average treatment

effects, and to using only the later school finance reforms.

When Tiebout developed his theory of local public good provision in his seminal ar-

ticle Tiebout (1956), it was in response to the consensus view held by Musgrave (1939)

and Samuelson (1954) “ that no ‘market type’ solution exists to determine the level of ex-

penditures on public goods. Seemingly, we are faced with the problem of having a rather

large portion of our national income allocated in a ‘non-optimal’ way when compared

with the private sector.” Our work in this paper draws inspiration from the ambitious

research agenda set by Tiebout. Our paper is the first to test whether current expenditure

on schools in the U.S. is efficiently provided that exploits plausibly exogenous variation in

both taxes and school spending using a nationally sample of school districts. The market-

based test that we implement provides a credible answer to an important question of

public good provision. Annual public expenditures on K-12 schools in the United States

totaled $640B – or 3.6% of US GDP in 2015 – comparable to Medicaid spending (∼ 2%)

and total spending on income assistance programs (∼ 1.2%), yet there has been limited

evidence on the question of whether the U.S. is spending enough on schools and teachers.

Our paper fills this gap.

The remainder of the paper is organized as follows: Section 1 describes the theoretical

model and the efficiency test; Section 2 describes the data; Section 3 outlines the research

design; Section 4 presents our main results; Section 5 discusses the results in more detail

and presents robustness tests; and Section 6 concludes the paper.
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1 Testing for Efficiency of School Spending: Theory

The empirical test for the efficiency of school spending that we propose and implement

in this paper is rooted in the theoretical public finance literature developed since Samuel-

son (1954). In this section, we begin with a short discussion of the historical development

of the related theory, lay out the theoretical framework and key assumptions that pro-

vide the basis for our efficiency test, and close by discussing two subtle issues that are

important for empirical implementation.

1.1 Background

The Samuelson equation for the efficient provision of public goods is straightforward to

understand in theory: the level of a public good should be increased up to the point where

the aggregate marginal benefit equals the marginal cost of provision, i.e., ∑MBi=MC. But

economists have long pointed out how challenging it might be to satisfy this condition

in practice, even for policymakers motivated to do so, given the inherent difficulty of

truthfully eliciting each person’s marginal benefit.

The central insight of Tiebout (1956) was that the sorting of households across com-

munities gives local governments both the information and incentives needed to provide

local public goods efficiently.4 A major branch of the literature following Tiebout (1956)

focused on theoretically grounding an empirical test for the efficient provision of local

public goods. While some of the intuition for such a test appeared in the literature as

early as Oates (1969), Brueckner (1979) provided the first formal statement of an intuitive

test based on property values.5 In particular, Brueckner (1979) showed an equivalence

4Tiebout’s original paper was intuitive rather than formal and it launched a large literature in local
public finance that sought to better understand its theoretical implications. A major branch of this literature
focused on developing the theoretical conditions under which the market force of people ”voting with their
feet” would lead to the efficient provision of public goods in a system of local governments. So long as
households are knowledgeable about (and reacting to) changes in expenditure and revenue patterns, the
conceptual basis for efficient school financing relies on households sorting across districts.

5This test is sometimes referred to as the Oates test because the idea was suggested informally in a
discussion late in Oates (1969). It is important to note that this idea was not the main focus of Oates’ paper
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between the Samuelson condition for efficient public goods provision and the first order

condition that results from communities choosing the level of the local public good, fi-

nanced on the margin through local property taxation, to maximize aggregate property

values.

Brueckner’s key insight was that the core tenet of spatial equilibrium — that house-

holds with identical income and preferences must receive the same indirect utility no

matter where they live — was essentially all one needed to derive this equivalence. As

a result, his proposed test is not only deep but very general. His framework accommo-

dates heterogeneous housing consumption within communities and tenure choice (rent

or own). Households can be heterogeneous in terms of income and preferences, as we

show in our extension of Brueckner’s framework. Jurisdictions can collect property tax

revenues from both businesses and residents, provide multiple public goods, and receive

revenue transfers from the state or federal government.

It is important to emphasize that Brueckner’s theoretical framework does not make

any claims about whether we should expect public goods to be provided efficiently. In-

stead, it provides the theoretical basis for an empirical test of whether local public goods

are efficiently provided in a very general framework, no matter the system of local public

finance - i.e., no matter whether the assumptions of the broader Tiebout hypothesis hold.

In what follows, we present a slightly extended version of Brueckner’s model with two

goals in mind: (i) to provide the key economic intuition behind the test he proposes and

(ii) to show that Brueckner’s framework can be generalized to allow for heterogeneous

preferences.

and, instead, many papers that appear in the literature in the 1970s implemented a different ”Oates test”
- i.e., whether public goods are positively capitalized into house values conditional on the local tax rate.
In this way, Brueckner (1979) was more of a corrective to rather than a natural extension of the literature
following Oates.

7



1.2 Theoretical Framework

We begin by dividing households into discrete heterogeneous types on the basis of income

y and preferences β. β defines the preferences of each type over the bundle of housing

services and neighborhood amenities that vary between communities. More specifically,

household utility is defined over numeraire consumption c, housing services h, and the

public good g: u(c,h,g,β). Households choose from a set J neighborhoods/school dis-

tricts each of which provides Nj heterogeneous housing units with housing service levels

(hj
1, ...hj

Nj
).

The key implication of spatial equilibrium is that households of the same type (y,β)

must receive the same indirect utility level u*=u*(y,β). This uniform utility condition is

equivalent to c*=c*(h,g,y,β) such that for households with identical taste and income, the

choice of (h,g) determines the consumption level needed to reach indirect utility level u*.

The household’s budget constraint is given by c*=y-R, where R is rent. As a result,

spatial equilibrium implies the following bid-rent function for household type (y,β):

R = y− c∗(h, g, y, β) (1)

For interest rate r and property tax rate τ, we can write house value V as:

V = R/(r + τ) = (y− c∗(h, g, y, β))/(r + τ) (2)

Note that equation (2) applies both within and across communities and holds whether

households own or rent.6 Equation (2) uses the uniform utility condition derived from

spatial equilibrium to create a tight link between house values across locations. In partic-

ular, on the margin, each housing unit’s value must reflect the change in the willingness of

the household type (y,β) who inhabits it in equilibrium to pay for any marginal change in

6To keep the presentation simple, we abstract from differences in the tax treatment of owner versus
renter occupancy here.
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the attributes of the housing unit or community (h,g,τ). Thus, as long as each household

type (y, β) chooses housing units in multiple communities in equilibrium, the marginal

change in the value of any house for a change in (g,τ) will reflect the marginal willing-

ness to pay of the household who inhabits it for the associated change - e.g., MBi. And,

by summing over all housing units within a community, we recover ∑ MBi in response

to a change in (g,τ), exactly what is needed to assess the Samuelson equation!

Formally, the problem of a local government choosing the efficient level of the public

good is isomorphic to the local government solving the problem of choosing the level of

expenditure on the public good g and the local property tax rate τ that maximizes aggre-

gate property values in the district, subject to the budget constraint G(g) ≤ τ ∑i Vi(g, τ)+

B. To show that the local government’s first-order conditions reduce to the Samuelson

condition for optimal public good provision that equates the sum of the marginal bene-

fits of the expenditure on the public good to the marginal cost, we first write down the

government’s problem of maximizing aggregate property value subject to its budget con-

straint:

L = ∑
i

Vi(g, τ)− λ

(
τ ∑

i
Vi(g, τ) + B− G(g)

)
(3)

Once we rearrange the local government’s first order conditions, i.e.,
∂L
∂g

= 0 and
∂L
∂g

= 0,

we obtain:

∑
i

∂Vi

∂g

∑
i

∂Vi

∂τ

=

τ ∑
i

∂Vi

∂g
− G′(g)

∑
i

Vi + τ ∑
i

∂Vi

∂τ

. (4)

We use the express for the housing value in equation (2) to calculate partial derivatives

of aggregate property value with respect to g and τ, i.e.,
∂Vi

∂τ
= − Vi

(r + τ)
and

∂Vi

∂g
=
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− 1
(r + τ)

∂c
∂g

, and to simplify the equation (4) in the following way:

∑
i

∂ci

∂g

∑
i

Vi
=

− τ

r + τ ∑
i

∂ci

∂g
− G′(g)

r
(r + τ) ∑

i
Vi

=⇒ −∑
i

∂ci

∂g
= G′(g). (5)

Because we are in spatial equilibrium, the change in consumption of the numeraire good

for a unit increase in the public good equals the marginal rate of substitution between

the public good and consumption,7 i.e.,
∂c
∂g

= −
∂u
/

∂g
∂u
/

∂c
and equation (5) reduces to the

Samuelson condition for optimal provision of a public good:

∑
i

∂ui
/

∂g
∂ui
/

∂c
= G′(g). (7)

The efficiency test follows directly from spatial equilibrium and holds under any system

for the provision of school spending, including pure local financing and various hybrid

systems that include transfers from the state and federal government (i.e., other sources

of revenue in the community budget constraint shown above).8

As we turn to empirical implementation, it is important to highlight two key aspects of

the test. First, because it is derived from first-order conditions, the efficiency test should

be implemented on the margin - i.e., we want to identify the local average treatment

effect (LATE) of an increase in school spending financed through local property tax rev-

enues. Importantly, the IV estimator that we propose below has a direct interpretation as

7In spatial equilibrium households of a given type (y, β) get the same utility across jurisdictions with
different bundles of (c, g), therefore:

du(y, β)

dg
= 0 =⇒ ∂u

∂g
+

∂u
∂c

∂c
∂g

= 0 =⇒ ∂c
∂g

= −
∂u
/

∂g
∂u
/

∂c
(6)

.
8For example, in cases where there is redistribution from rich districts to poor districts, one could rewrite

the budget constraint as G(g) ≤ τ ∑
i

Vi(g, τ)− τr

(
V̄tot −∑

i
Vi(g, τ)

)
+ B, where τr is an effective tax (sub-

sidy) on property wealth above (below) a threshold value V̄tot. Working through the first-order conditions,
we obtain the same result as in equation (7).
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a weighted average of LATEs and, in presenting results, we consider a variety of alterna-

tive specifications that evaluate the test on different margins - i.e., different LATEs.

Second, as Brueckner (1982) makes clear, because the Samuelson condition requires ex-

plicit aggregation across all households within the community, the efficiency test should

be based on the impact of local spending and taxation on aggregate (average) property

values. In the empirical analysis below, we use a quality-adjusted house price index,

which is designed to measure the average rate of house price appreciation in the commu-

nity, exactly the right theoretical object for implementing the efficiency test.

2 Data

The data used in our analysis are drawn from several sources. Average house prices

within school district boundaries are measured by the FHFA house price index (HPI),

derived from mortgage transactions on single-family properties securitized by Fannie

Mae or Freddie Mac.9 We observe HPI annually from 1990-2015 for nearly 5,400 school

districts, and pair the measure with district-reported finance data from the F-33 Annual

Survey of School System Finances. The annual survey of school district finances provides

aggregate expenditure data along with detailed breakdowns by expense type (current

and capital expenditures) and revenue source (federal, state, and local property tax rev-

enues).10 To construct the historic spending and property tax instruments we use the 1972

district finance data from the Census of Local Governments, and code up the reform tim-

ing with the initial passage year following Jackson et al. (2016) and described further in

section 3.2. Summary statistics are presented in Table 1.

9The raw house price data is available through the FHFA: https://www.fhfa.gov/DataTools.
10All finance variables are deflated to 2015 dollars using CPI inflation conversion factors from Oregon

State University. See https://liberalarts.oregonstate.edu/spp/polisci/research/.
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Table 1: Summary Statistics

Full Sample Quartile 1 Quartile 4 Universe

Across School Spending Quartiles

House Price Index - 1990 51.16 50.59 55.42

House Price Index - 2015 122.07 131.75 114.42

District Finance Variables ($2015)

Current Spending - 1990 8,633.59 8,392.56 9,955.59 8,541.26

Current Spending - 2015 11,516.63 11,022.47 13,158.20 11,368.10

Prop. Tax Revenue - 1990 3,628.32 2,375.74 5,217.97 3,585.91

Prop. Tax Revenue - 2015 4,870.67 3,624.46 6,445.97 4,799.96

Across Property Tax Quartiles

House Price Index - 1990 36.74 55.41

House Price Index - 2015 118.32 114.37

District Finance Variables ($2015)

Current Spending - 1990 7,505.30 9,333.98

Current Spending - 2015 10,424.77 12,485.49

Prop. Tax Revenue - 1990 2,282.41 4,916.72

Prop. Tax Revenue - 2015 3,301.63 6,253.98

District×Year Observations 123,978 30,092 30,539 197,579
Notes: The house price index is an annual measure of real single-family home values within a district,
and equals 100 in the base year (2003). Column 1 is the sample of school districts with sufficient
house price data to compute the district-wide price index. Since the sample is constrained by house-
price coverage, column 4 displays the school spending data for the entire sample of schools in which
spending data is available. Column 2 and column 3 summarize the data for districts categorized as
lowest-spend (quartile 1) and highest-spend (quartile 4) based on historical expenditures relative to
other districts within the same state. House price indices are inflation adjusted for the real growth
calculation.
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2.1 House Price Index

Following the methodology developed in Case and Shiller (1989), the FHFA HPI is a

“constant quality” index, which estimates appreciation using a sample of houses that

have been sold or refinanced multiple times.11 The key advantage of the FHFA HPIs

is that they are available at the census tract level for most of the United States over a

long sample period, whereas the widely-used Case-Shiller indices are only available at

the metropolitan level. Relative to the Case-Shiller indices, the FHFA HPIs differ in that

they are based on data for a sample of houses with conforming mortgages, i.e. mortgages

below certain cut-off house values and loan-to-value ratios (LTV) and that, in addition to

transaction prices, observations from homes that were refinanced are used in constructing

the index.12 In practice, the FHFA and Case-Shiller indices are very highly correlated and

these differences in the sample selection create only small differences between the two

indices (Leventis, 2008).

To construct our measure for district-level house prices from 1990-2015 we aggregate

the underlying house price indicies at the census tract (j)×year (t) level, p̃j,t. Since the first

year of data varies for each tract, we must first choose a new base year that is consistent

across all tracts in a district. This will parse out within-district noise in the HPI measure

due purely to differences in tract base years. We first convert all tract prices to base year

2003, the sample year with maximum data points:

Pj,t =
p̃j,t

p̃j,03
× 100.

We then weight the tract indices by the 1990 tract decennial population, nj,90 as a share of

11The index also employs a weighting procedure that allows for greater sampling variability in the
price appreciation for houses that experience a longer time between transactions. As noted in Calhoun
(1996), given two identical properties, differential rates of appreciation, change in the neighborhood socio-
demographics, and other idiosyncratic deviations from market-level mean appreciation are more liable to
arise the longer the time between transactions.

12As of 2019, the conforming limit in expensive coastal housing markets is a loan value of $726,525 and
the maximum LTV is 97%. The conforming limit is $484,350 in the least expensive housing markets.
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the 1990 district aggegate population

ωj =
nj,90

∑J
j=1 nj,90

; (8)

where ∑J
j=1 ωj = 1. Thus our district-level price outcome is the population weighted

tract average in each year

Pd,t =
J

∑
j=1

ωjPj,t.

Figure 1 is a binned scatter plot of the mean district price Pd,t and tract raw price p̃j,t

by year over time. Since the index measures within-unit price changes over time, the

aggregate district index should follow the trends of the raw tract indices. The difference

in levels is representative of differences in base years.

Figure 1: House Price Time Series, 1990-2015

(a) Aggregate House Price Trends (b) District House Price Coverage

Notes: (Left Panel) Binned scatter plot comparing the mean HPI at the district and census tract level
over time. District HPI is the population-weighted average of census tract HPI within the attendance
boundary. The level difference between the two measures is attributable to differences in base years.
(Right Panel) Binned scatter plot shows the mean HPI coverage each year, which rises during the
sample period. Tract population is fixed to 1990, thus increases in data coverage is caused by increased
availability of house price data at the census tract level.

To get the most from the data we do not require the tract panel be fully balanced

throughout the sample period. The tradeoff for more information is the potential for bias

in the aggregation step if missing tract-level observations create inter-temporal differ-

ences in Pd,t unrelated to real price changes. To account for the potential measurement
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issues that arise from missing data, we construct a measure district coverage in the data

and use it as a control variable in our empirical analysis. House price coverage in a district

is defined as

coveraged,t =
∑J

j=1 nj,90 × 1(Pj,t)

∑J
j=1 nj,90

,

where 1(Pj,t) = 1 if tract HPI is observed in year t. The right panel of Figure 1 is a plot of

the mean district coverage by year during the sample period. As the tract-level price data

improves in later years, district coverage improves to 90% on average.

2.2 School District Finances

School finance data are publicly available through the F-33 finance survey maintained

originally by the Census of Local Governments for 45 of the lower 48 states. The Census

of Local Governments is a massive historical database of public spending on schools and

other services like municipal water and waste, public safety, fire departments and hous-

ing authorities. The line-item detail of the F-33 survey allows us to fully explore which

school spending types matter and the effect of funding schools through local property

taxes.

In this paper, we implement an efficiency test for current expenditures. Salaries,

wages, and benefits make up the lion’s share of these costs, but the category also includes

other operational costs (support services and supplies). As shown in Figure 2, current ex-

penditures make up 92% of total district spending and, importantly, are typically funded

directly from current tax revenues. The remaining 8% of annual district expenditures are

dedicated to capital spending on property, construction, and building rehabilitation.13

Capital expenditures differ from current expenditures in two key ways. First, capital

spending can be quite lumpy due, for example, to large one-time costs of construction.

And, second, capital expenditures are often funded through bonds, which are paid back

13We provide a deep description of school expenditure layers in appendix Table A.2
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over many years and, therefore, implicitly come with the future tax obligations needed

for repayment.

The focus of our study is implementing an efficiency test for current expenditures,

since current expenditures represent the lion’s share of total school expenditures and,

moreover, the close election bond research design can not be readily applied to test for

efficiency of current expenditures. Rather, the test that we develop requires a research de-

sign that leverages plausibly exogenous variation in both current expenditures and local

taxes separately.14 Local property taxes have long been a contentious source of revenues

for school districts. Despite the sheer volume of legislative reforms targeting budgetary

reliance on property taxes, the average U.S. school district raised 38% of total revenues

via property taxes in 2015. Perhaps indicative of the uneven adoption of finance reforms,

the NCES reported in 2017 that the share of revenues from property taxes varied from

17% to 53% by state. For the average district, the remaining funds come from state (48%),

federal (14%), and other local sales and millage taxes. For the mean school in the sample

property taxes comprise 80% of all local tax revenues collected.

2.3 Final Dataset

Following Jackson et al. (2016), we include two additional sets of control variables: (i)

county level descriptive variables from 1960 such as the poverty rate, minority share,

and rural population percentage, interacted with time trends and (ii) the amount of time

elapsed since a state adopted or first funded various programs including Head Start,

kindergarten, school desegregation, hospital desegregation, and Medicare certification.

In all cases, the goal of adding these controls is to ensure that our empirical estimates

are robust to possible heterogeneous trends across districts. The final data set consists of

nearly 124,000 school district-by-year observations from 40 states and roughly 5,400 U.S.

14We discuss how we isolate this exogenous variation in much greater detail in the next section of the
paper.
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Figure 2: School District Mean Expenditures, 1990-2015

Notes: Time series plot of real per-pupil spending over time for sample school districts. Total
expenditures are equal to the sum of capital and current expenditures. All dollar values are
deflated to 2015 levels.

school districts. Given that school districts in the final sample are limited to those with

available house price data, we compare the finance data for our sample to the entire school

district database in Table 1 and find no statistically significant differences in means.15

3 Research Design

In this section, we present the features of the research design that form the basis of our

analysis. We begin by describing some of the serious endogeneity issues that arise in at-

tempting to identify the causal impact of current expenditure and local property taxes on

housing prices. We then lay out the school finance reform event study design, inspired by

15Two auxiliary data cleaning steps are taken to create the final long panel. Since the district finance data
is a survey, we must first exclude districts with plausibly miscoded enrollment, spending and property tax
data. To do so we follow the steps in Lafortune et al. (2018) directly. Second, school district finance data
is not reported by Census of Governments for the years 1993-1996. As such, we utilize district aggregates
computed in a joint effort by the Albert Shanker Institute, Rutgers Graduate School of Education, and the
University of Miami College of Education. See https://www.schoolfinancedata.org/download-data/.
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the recent studies of Jackson et al. (2016) and Lafortune et al. (2018). Extending this de-

sign, we introduce a second set of instruments that exploit another dimension of variation

in the way these reforms affected districts based on initial local tax revenue levels. The

two sets of instruments are well-suited for identifying the capitalization of both school

spending and local property taxes. With the ability to identify the capitalization of both

spending and taxes in a single study, we describe the empirical specification for testing

the efficiency of local public goods provision.

3.1 The Empirical Challenge

Estimating the extent to which school spending is capitalized into property values has

long proven to be a challenging problem. Generally speaking, school spending is highly

correlated with local resources. This creates an obvious endogeneity problem, as these

resources are highly correlated with other local amenities that might impact local housing

prices. Even more directly, the level of local school spending is highly correlated with the

composition of the community itself, which might affect property values in any number

of direct and indirect ways.

Another generic complication that arises when school spending is primarily financed

from local sources is that spending increases are directly linked to increases in property

taxes and other local sources of tax revenue. In this way, we would expect property values

to capitalize the total value of the (highly co-linear) bundle of spending and tax increases.

In such a setting, it would not be surprising for OLS estimates of school spending on

housing prices to reveal a very small willingness to pay for increases in school spending,

as the estimates would capture the combined effect of the spending and tax changes.16 In

fact, as described in Section 1, our efficiency test is premised on the notion that the effect

of a marginal change in school spending financed through local taxes should be exactly

16OLS estimates of the specifications shown in Table 4 result in a coefficient on local property taxes that
is positive and a coefficient on school spending that is close to zero.
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zero if spending is efficient.

Unfortunately, these kinds of identification problems do not disappear when financing

moves to higher levels of government. In this case, a host of different endogeneity issues

arise because transfers from the state and federal government are often explicitly tied to

a district’s property tax base and other local economic conditions. As a result, state and

federal funding levels, which often have a redistributive motivation, are often negatively

correlated with many factors that directly influence a district’s property values.

With these challenges in mind, the main empirical goal of our paper is to estimate the

capitalization of school spending and local taxes into property values in a manner that

deals directly with this broad array of potential endogeneity problems. To that end, we

apply and extend the research design developed by Jackson et al. (2016) to our context.

We exploit the timing of court-mandated school finance reforms across states in the U.S.

to isolate plausibly exogenous changes in current spending and local property taxes. To

fully appreciate the logic of this design, and to understand how it helps to address the

numerous endogeneity problems that have made estimating school spending capitaliza-

tion so difficult, we first provide a brief overview of the wave of court-mandated school

finance reforms that swept across the U.S. beginning in the 1970s.

3.2 Court-Mandated School Finance Reforms

Unlike many countries which finance education primarily at the national level, the financ-

ing of public schools in the U.S. has historically relied heavily on local taxation, primarily

in the form of property taxes. Not surprisingly, such local financing has long generated

substantial inequality in spending levels across school districts.

Beginning in the early 1970s in California, citizens of a number of states began chal-

lenging this local system for financing public schools on the basis that it violated certain

protections provided in their state’s constitution. A first wave of rulings, initiated by

the Serrano v. Priest decision in California in 1971, found that funding public education
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through local property taxes violated the equal protection clause of the state’s constitu-

tion, leading to a series of “equity reforms.” A second wave of rulings, initiated by the

Kentucky State Supreme Court decision in Rose v. Council for Better for Education in 1989,

was predicated on a constitutional right to the provision of an adequate level of educa-

tion for children in all parts of the state, leading to a series of ”adequacy reforms.”17 In

total, the existing school finance regime has been successfully challenged in 25 states since

1971. Figure 3 shows the variation in reforms across space and time, following the coding

in Jackson et al. (2016).18

Figure 3: Sample States by Reform Status

Notes: The above map outlines timing of the first SFR for each state in the sample. States excluded
from the sample due to house price data limitations include TN, VA, MA, RI, and NH. States excluded
from the sample for school finance data limitations include NC, MD, and CT.

While successful challenges to existing school finance regimes often shared similar

legal bases and the general goal of reducing inequality in school spending across stu-

dents, the implementation of court-mandated school finance reforms varied widely across

17See Lafortune et al. (2018) for more discussion of these two waves of reforms.
18We make one change relative to Jackson et al. (2016) and code MI as having a reform in 1994 – the year

that Michiganders voted to pass a law that increased state funding to schools and reduced property taxes
(Loeb and Cullen, 2004). See online appendix.
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states, often requiring a lengthy back and forth between the state legislature and the

courts until the final implementing legislation was deemed to have met the require-

ments of the state’s constitution.19 In practice, court-mandated school finance reforms

took many forms including (i) block or matching grants from the state to poorer dis-

tricts, (ii) district power equalizations, which attempted to effectively equalize local tax

bases across districts, and (iii) state equalizations, which used state transfers to equal-

ize per-pupil spending across districts.20 Each of these approaches embeds some form

of redistribution of resources to districts with smaller local tax bases and/or poorer resi-

dents but there is considerable heterogeneity in the generosity and form of redistribution

across states. As we will see, a recognition of this heterogeneity in the way school finance

reforms were implemented across states plays an important role in our research design.

3.3 First Stage SFR Event Study

The main idea underlying the school finance reform event study design is that these re-

forms generated systematic changes in school spending that reduced inequality in spend-

ing across districts - e.g., raised spending in previously low spending districts relative

to previously high spending districts. To isolate these kinds of SFR-induced shocks to

spending across districts, Jackson et al. (2016) sort school districts by the quartile of per

pupil school spending within the state in 1972 and form instruments for per pupil spend-

ing levels by interacting these initial spend quartiles with the time since the court first

mandated a school finance reform. Beginning in 1972, per-pupil expenditure, salary

spending, and property tax revenue at the school district level is continuously available

nationwide on an annual basis from the NCDB. In the appendix, we explore the robust-

19The famous Serrano v. Priest case in California, for example, resulted in three distinct California
Supreme Court rulings in 1971, 1976, and 1977, respectively, as well as associated trial court rulings in
1974 and 1983.

20The impact of various types of school finance reforms on a wide variety of outcomes including school
expenditures, tax burdens, and local property values has been studied extensively in the economics litera-
ture from both empirical and theoretical perspectives. See, for example, Murray et al. (1998), Hoxby (2001),
and Card and Payne (2002).
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ness of our findings to focusing on the post-1990 school finance reforms only, in the spirit

of Lafortune et al. (2018), and find similar results to using all reforms.

Specifying the SFR event study as the first stage in our design uncovers dynamic ef-

fects on multiple margins of school district finances. Our exact implementation is as fol-

lows: we designate event time T as the number of years that have elapsed since a state

was first ordered by the courts to change its school finance system, and construct instru-

ments for per pupil school spending in a given year by interacting the 1972 spending

quartile with post-reform event time dummies from T = 0 to T = 16 interacted with the

1972 spending quartiles. The first stage can be expressed as:

log(sd,t) =
T=16

∑
T=0

Qs=1

∑
Qs=4

φQs,T[1(Qs)× 1(T)] + fd + βXd,t + υd,t, (9)

where:

• sd,t indicates per-pupil current spending of school district d in time period t,

• fd indicates district fixed effects,

• Xd,t indicates time varying district controls,

• 1(Qs): indicator for pre-reform 1972 spending quartile in state, and

• 1(T): indicator for time relative to SFR reform, and

• vd,t: exogenous error term.

Notice that the Jackson et al. (2016) instruments effectively aggregate the predicted

change in spending post-reform across districts within an initial spend quartile in all re-

form states. Aggregating across districts within a quartile eliminates any idiosyncratic

variation across districts that may arise, for example, as districts endogenously respond

to local economic conditions in the period before or after the reform. Aggregating across
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states eliminates any idiosyncratic differences in the way that particular states imple-

mented school finance reforms, isolating only the change in school spending that is pre-

dictable based on a district’s initial spending level without regards for the particular im-

plementing policy chosen by a given state.

3.4 Adding Taxes to the Analysis

One key advantage of using the school finance reform event study design is that it is

possible to estimate school spending capitalization in a broad national data set. A second,

more subtle advantage of this approach is that it allows us to break the link between

school spending and local taxation. As mentioned above, a longstanding challenge in

the empirical literature on the capitalization of school spending is the natural coupling of

changes in spending and taxation.

An attractive feature of using the SFR event study design is that these reforms often

led to increased revenue to previously low-spending districts from multiple levels of gov-

ernment. In addition to some direct redistribution at the state level, certain kinds of SFRs,

such as district power equalization formulas and matching grants, create incentives for

districts with relatively poor local tax bases to increase local tax revenue and, often, for

high spending districts to decrease local tax revenue (Hoxby 2001; Hoxby and Kuziemko

2004). Following Jackson et al. (2016), we do not attempt to exploit variation across states

in the exact type of school finance reform that was implemented because we do not want

to introduce endogenous factors at the state level that may have led different states to

pass different types of reforms.

The fact that school finance reforms triggered changes in both school spending and

local tax revenue levels naturally suggests a potential second dimension of instrumental

variation that might be used to generate plausibly exogenous variation in local tax rev-

enue. In particular, we construct a second set of instruments based on the interactions of

each district’s 1972 per-pupil property tax revenue quartile with post-reform event time
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dummies. In this case the first stage can be expressed as:

log(τd,t) =
T=16

∑
T=0

Qτ=1

∑
Qτ=4

ρQτ ,T[1(Qτ)× 1(T)] + fd + βXd,t + υd,t, (10)

where τd,t indicates per-pupil local tax revenue of school district d in time period t and

1(Qτ) are indicators for pre-reform 1972 local tax revenue quartile in the state.

Table 2: Categorization of Districts by Spending and Tax Quartile

Notes: The above matrix classifies each district according to position on two historic, state-
level distributions: the 1972 distribution of total spending per-pupil and the 1972 distribution
property tax revenue per-pupil. On diagonal school districts are classified into the same
total spending and property tax revenue quartile. Off diagonal schools illustrate additional
variation gained by including both sets of instruments in the main model of the paper.

To get a sense of the additional variation that these instruments bring to the analysis,

Table 2 reports the cross-tabulation of the 1972 spending and local tax revenue quartiles,

Qs and Qτ. While, not surprisingly, a fair number of districts lie in the same quartile

for both spending and local tax revenue in 1972, about half the districts can be found

off the diagonal - i.e., in a higher or lower spending versus local tax revenue quartile.

Thus, these new tax-based instruments have the potential to provide independent plausi-

bly exogenous variation that can be used to help identify the effects of local tax revenues

on housing prices. In particular, holding tax quartile constant, changes in outcomes for

districts across the spending quartile helps to pin down the spending elasticities and vice-

versa for taxes. To make sure that these two distinct dimensions of variation are present

throughout the U.S., we map the fraction of statewide student enrollment in off diagonal

school districts across the U.S. in Figure 4. As the figure makes clear, there is significant

within state variation in the pre-reform quartiles of current spending and local tax rev-
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enues in the vast majority of states. In most states 30% to 60% of school districts are in

different tax and spending quartiles.

Figure 4: Off-Diagonal Variation By State

Notes: Illustrated above is the fraction of statewide total enrollment in off-diagonal school
districts in 1972. Striped states are out of sample as described in Figure 3.

3.5 Reduced Form Results: Current Spend & House Prices

We plot the event study coefficients on the interacted instruments to trace out time paths

of reform induced shocks to current spending. The left-hand panel of Figure 5 highlights

the variation in current spending isolated by the spending quartile instruments only. In

particular, the figure shows the predicted gap in spending between school districts in the

bottom three quartiles of pre-reform spending quartile relative to the quartile that initially

had the highest level of spending, conditional on district fixed effects.

Across all of the states that instituted such reforms, in the fifteen years following a

court-ordered reform, current spending increased in districts in the lower versus higher

quartiles of the initial spending distribution. Notably, there is a small lag in the full re-

alization of the reforms, reflecting the time it takes for the state legislatures to craft the
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implementing legislation. Because our interest is not in studying the impact of the SFRs,

per se, but rather in using the reforms as an instrument to generate plausibly exogenous

variation in school spending, the inclusion of the period between the court ruling and

full reform implementation in each state in the post-reform period has little bearing on

the analysis, as any delay in implementation by definition contributes little variation in

relative spending across districts.
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There is also essentially no difference in trends in current expenditures across the four

spending quartiles prior to a school finance reform, supporting the assumption that the

subsequent changes in spending across the four quartiles in initial spending are effec-

tively shocks to spending levels, uncorrelated with any prior trends in relative spending

levels.

The right-hand panel of Figure 5 plots the reduced form estimates for house prices,

analogous to the spending event study figure shown in the left-hand panel. The figure

shows that analogous to the salary spending figure, starting a few years after the event

date, house prices rose steadily in the initially lower spending quartiles (Q1-Q3) relative

to the highest spending quartile (Q4). Like the corresponding changes in school spending,

the relative increase in house prices was greatest for districts initially in the lowest spend-

ing quartile, with the difference in changes between Q1 and Q4 reaching a magnitude of

16 log points by the end of our 15-year post reform window.

3.6 Reduced Form Results: Property Taxes & House Prices

Figure 6 shows the dynamics of local property tax revenues and house prices following a

school finance reform, separating districts in this case into quartiles based on their initial

local tax revenue per pupil in 1972. As the figure makes clear, local property tax revenue

increased in districts with relatively low vs. high initial levels of local tax revenue. In

particular, local tax revenue increased especially slowly in Qτ = 2 districts relative to

those in both Qτ = 1 and Qτ = 3. The right-hand panel of Figure 6 plots the reduced form

estimates for house prices, analogous to the spending event study figure shown in the

left-hand panel. This house price event study is based on a district’s local tax revenue

per pupil in 1972. Interestingly, the house price figure in this case also exhibits some non-

monotonicity based on initial local tax revenue quartile, with Qτ = 2 districts, which had

relatively low property tax increases, experiencing the greatest house price gains in many

of the post reform periods.
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3.7 IV Estimation and a Test of Efficiency

It is important to emphasize that the goal of our analysis is not to understand the effects

of (particular) school finance reforms but to use them instrumentally, in the truest sense

of the word, as major shocks to the ways that schools are financed and funded. These

shocks generate plausibly exogenous district variation in spending and local property

taxes revenues dedicated to schools, allowing us to credibly identify the separate effects

of school spending and local tax revenues in a single study. Of interest are the coefficients

θ and γ from the baseline specification

log(pd,t) =θlog(sd,t) + γlog(τd,t) + fd + βXd,t

+
T=−1

∑
T=−4

Qs=1

∑
Qs=4

[
λQs,T1(Qs)× 1(T)

]
+

T=−1

∑
T=−4

Qτ=1

∑
Qτ=4

[
λQτ,T1(Qτ)× 1(T)

]
+ εd,t,

(11)

where pd,t are average district house prices, sd,t is current spending per pupil and τd,t

indicates local property tax revenue per pupil. To estimate equation 11, we instrument

for both per pupil current spending and property tax revenue with the 1972 spending and

property tax quartiles by time since reform instruments shown in the event-study plots

above. Our model includes the pre-period interactions as exogenous covariates, along

with district fixed effects and time-varying district controls.

Equation 11 estimates the capitalization of current spending (θ) and property taxes (γ),

the key parameters needed to implement the test of the efficiency of local public goods

provision developed in Section 1. It is important to keep in mind that the notion of ef-

ficiency here is a private one, in the sense that this measures whether the households

living in a school district would receive more value from an additional dollar raised and

spent on local public goods. Importantly, broader notions of social efficiency would need

to include the benefits of any positive externalities that better funded schools provide
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indirectly to others.21 Any future education spillovers in the labor market or taxes col-

lected by the government due to the higher wages of children attending the better funded

schools would not be included here. Hendren and Sprung-Keyser (2020) estimate that

many forms of social spending, especially programs that benefit young children, more

than pay for themselves in discounted future tax receipts.

4 Results

We present three sets of results. In the first set of results, we estimate the elasticity of

house prices with respect to current spending by regressing the log of the local house price

index on current spending instrumenting for current spending using only the spending

instruments. In the second set of results, we estimate the elasticity of house prices with

respect to local property taxes by regressing the log of house index on local property

taxes, instrumenting for taxes using only the tax instruments. In the third set of results, we

jointly estimate the elasticity of house prices with respect to current spending and taxes by

regressing the log of house price index on both current spending and local property taxes

using both the spending and tax instruments. We use the jointly estimated spending and

tax elasticities for two purposes — to calculate the impact of a 1% tax funded increase in

current spending on house prices and to test the exclusion restriction of our instrumental

variables.22

4.1 The Capitalization of School Spending into House Prices

Table 3 reports the results of IV regressions of housing prices on school current spending

using the school finance reform instruments based on a district’s initial spending quar-
21There is an extensive literature on education externalities - see, for example, Moretti (2004).
22In the first two regressions because we only include one of the endogenous variables, we are mechani-

cally creating an omitted variable bias problem by excluding the other endogenous variable. By comparing
the magnitude of the estimates from the two regressions with one included and one omitted endogenous
regressor and one instrument to those of the third regression with two included endogenous regressors and
two instruments, we get an indirect test of exclusion restriction of our individual instruments.
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tile. The four columns successively include more control variables. The first column

includes controls for school district fixed effects and calendar year dummies. The second

column adds controls for time trends interacted with 1960 Census levels of log popu-

lation, poverty rate, the fraction of non-white residents, and the fraction of residents in

rural/non-farm areas, measured at the county level are intended to absorb any potential

heterogeneous trends in house prices across different types of school districts, following

the approach in Jackson et al. (2016).

The third column of Table 3 adds a series of policy controls that measure the time since

a state adopted or first funded Head Start, Kindergarten, School Desegregation, Hospital

Desegregation, and first certified Medicare. These controls are intended to absorb any

changes in house prices that may be due to these other policy changes rather than school

finance reforms(Jackson et al., 2016). The final column adds controls for the coverage of

the FHFA house price index, specifically the fraction of the population within a school

district that lives in a Census tract for which an FHFA index is available in a given year.

Table 3: The House Price Capitalization of Current Spending

Outcome: Log(HPI) (1) (2) (3) (4)

Log(Current Spending) 1.035*** 1.235*** 1.277*** 1.188***
(0.243) (0.246) (0.234) (0.228)

Observations 123,554 123,554 123,554 123,554
First-Stage F-stat 13.98 13.86 11.16 10.93
District FE X X X X
Census Controls X X X
Policy Controls X X
Data Coverage X

Notes: Current spending is spending on salaries and all other costs excluding capital investments
and construction costs. In all models we instrument for endogenous current spending with the 1972
total spending quartile interacted with event-time shocks from school finance reforms. Policy con-
trols included the timing of state adoption of Head Start, kindergarten, school desegregation, hospital
desegregation, and Medicare certification. Data coverage is a calculated as the share of total district
population living in a census tract with house price data available and outlined in Section 2. Standard
errors reported and are clustered at the district level.
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The results are qualitatively similar across the four columns, yielding an elasticity of

house prices with respect to school salary spending ranging from 1.035 to 1.277. The

result in the final column implies that a 1 percent increase in current spending per-pupil

leads to a 1.18 percent increase in property values.

The magnitude of the point estimates in Table 3 imply that households are willing to

pay substantially more for access to better funded schools. The size of these estimates is

consistent with the substantial effects of increased school spending on children’s life out-

comes documented in Jackson et al. (2016) and Lafortune et al. (2018). Taken together with

these studies, our work provides revealed-preference evidence that households value the

impact of additional school spending on the lives of their children.

4.2 The Capitalization of Property Tax Revenues into House Prices

Table 4 presents the results of IV regressions of housing prices on property tax revenue

using only the school finance reform instruments based on a district’s initial property

tax quartile in 1972. The specifications are analogous to those presented in Table 3, with

each column successively including for additional control variables. As expected, local

property taxes enter negatively in all of the specifications, implying an elasticity of house

prices with respect to property tax revenues ranging from -0.07 to -0.23. The result in the

final column implies that a 1 percent increase in per-pupil property tax revenue leads to

a 0.23 percent decrease in property values.

4.3 The Efficiency Test using both Tax and Spend Instruments

In Table 5 we report the results of our regression of the log of the house price index on

the log of current spending per pupil and the log of local property taxes per pupil instru-

menting for current spending and property taxes with the spending and tax instruments.

We find that the elasticity of house prices with respect to current spending ranges from
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Table 4: The House Price Capitalization of Property Tax Revenues

Outcome: Log(HPI) (1) (2) (3) (4)

Log(Property Tax Revenue) -0.0698 -0.0979* -0.223*** -0.225***
(0.0574) (0.0497) (0.0474) (0.0476)

Observations 123,554 123,554 123,554 123,554
First-Stage F-stat 12.37 11.04 10.96 10.96
District FE X X X X
Census Controls X X X
Policy Controls X X
Data Coverage X

Notes: Property tax revenues are measured at the district level and do not include any other local
tax revenues. In all models we instrument for endogenous property-tax revenue with the 1972 tax
revenue quartile interacted with event-time shocks from school finance reforms. See Table 3 for a
complete description of the various additional controls. Standard errors reported and are clustered at
the district level.

1.04 to 1.25 —similar to what we found in Table 3 (1.04 to 1.28) when taxes were omit-

ted from the regressions — and the elasticity of house prices with respect to taxes ranges

from -0.08 to -0.18 — similar to what we found in Table 4 (-0.07 to -0.23) when spending

was omitted. Taking the results in Table 5 to be the unbiased estimates of the tax and

spending elasticities, if our current spending and tax instruments violated the exclusion

restriction, we would have expected our estimate elasticity of house prices with respect

to spending (taxes) to be biased when we excluded one of the endogenous regressors as

we did in Table 3 (Table 4). A strength of our research design and the new tax instruments

that we introduce is that we can perform this indirect test of the exclusion restriction of

our instrumental variables strategy.

A comparison of the size of the coefficients on log property tax revenue and log current

spending provides an assessment of the efficiency of current spending. In particular, we

want to estimate the impact on house prices of a marginal dollar raised locally through

property taxes and used for current expenditures. For our sample as a whole, property tax

revenue represents about 45 percent of current spending. So, in dollar terms, a 1.0 percent
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Table 5: IV Estimates of Current Spending Efficiency

Outcome: Log(HPI) (1) (2) (3) (4)

Log(Current Spending) 1.044*** 1.244*** 1.245*** 1.172***
(0.204) (0.210) (0.191) (0.187)

Log(Property Tax) -0.0838* -0.0995** -0.183*** -0.183***
(0.0506) (0.0478) (0.0476) (0.0469)

Efficiency: Current Spending

∆ HPI 0.376∗∗∗ 0.448∗∗∗ 0.365∗∗∗ 0.333∗∗∗

95% Confidence Interval [0.184, 0.567] [0.240, 0.656] [0.162, 0.566] [0.136, 0.531]
Observations 123,554 123,554 123,554 123,554
First-Stage F-stat: Spending IVs 396.4 115.2 89.32 95.26
First-Stage F-stat: Tax IVs 124.8 46.82 50.81 47.14
District FE X X X X
Census Controls X X X
Policy Controls X X
Data Coverage X

Notes: Current spending is spending on salaries and all other costs excluding capital investments and
construction costs. Property tax revenues are measured at the district level and do not include any
other local tax revenues. In all models we instrument for endogenous current spending and property
tax revenue per-pupil with both initial spending and initial tax quartile in 1972, interacted with the
event-time shocks from school finance reforms. Standard errors reported and are clustered at the
district level.

increase in local tax revenues is equivalent to only about a 0.45 percent increase in current

spending. The lower panel of Table 5 reports the results of the Brueckner-Oates efficiency

test calculated for an increase of 1% in property taxes used to increase current spending.

We find that a 1% increase in taxes used to increase current school expenditures would

increase house prices by 0.38%-0.45%, which is statistically significant at the 1% level.

Not surprisingly given the point estimates and standard errors for the coefficients, the

results imply that school spending is inefficiently too low. Both of the tests reported have

p-values below 0.0001. As Hoxby and Kuziemko (2004) pointed out both theoretically and

empirically using school finance reforms in Texas, school finance systems in a number of

states create distortions that can lead to inefficiently low spending and a substantial loss

in property values.

35



5 Interpreting the Results & Robustness Check

In this section we examine the sensitivity of our main efficiency results to concerns about

heterogeneity in local average treatment effects that we estimate, the forward looking

nature of house prices with respect to future school spending and taxes, and to indirect

effect of household sorting. Our results are quantitatively and qualitative similar when

we implement this battery of checks. In the appendix we also that our results are robust

to focusing on only the later post-1990 school finance reforms, using an alternative way

of clustering our standard errors and to restricting our sample to a balanced panel of

observations.

5.1 Identification from Different Local Sources of Variation in the Data

In using variation across both time and the four quartiles of 1972 school spending and

local tax revenue levels, the point estimates and efficiency tests reported above implicitly

assume that the capitalization of school spending and local property taxes is homoge-

neous. One potential concern is that this homogeneity assumption may mask variation

in efficiency in different types of districts, e.g., housing prices in certain areas are much

more sensitive to school spending while those in other areas are more sensitive to the lo-

cal property tax burden.23 In Table 6 we test the homogeneity assumption by reporting

the results of three additional specifications that restrict the variation used to identify the

model by splitting districts into only two (rather than four) groups based on initial quar-

tile of school spending and local tax revenue. In particular, the first column of the table

repeats our baseline results (column (4) in Table 5). In columns (2) through (4) we hold the

property tax quartiles fixed and explore variation across pre-reform spending quartiles.

In columns five through seven we hold spending quartiles fixed and vary the pre-reform

tax quartiles.

23We are grateful to John Friedman for fruitful conversations and suggestions on this subtle point.
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There is little change in the coefficient estimates across the three specifications re-

ported to the right of column one. The point estimates on both current spending and

taxes change somewhat as the source of variation shifts to a higher percentile of the ini-

tial spending distribution, but these estimates are statistically indistinguishable from one

another across the specifications shown in Table 6. Moreover, the efficiency tests are also

similar across specifications, with point estimates ranging from 0.264 to 0.355 — and all

statistically significant at the 1% level. The results suggest that current expenditure is

inefficiently low.

5.2 Can Households Anticipate Future Spending Changes?

Another issue that naturally arises in estimating house price regressions is whether house

prices might reflect future expectations about trends in school spending in addition to

current levels of school spending. While a full-fledged dynamic model is beyond the

scope of this paper, one way to see whether these types of forward-looking expectations

might have a significant impact on our analysis is to estimate a set of analogous specifica-

tions that include leads in the right-hand side variables, especially the spending and tax

measures. To that end, the second columns of Table 7 replace all of the right hand side

variables (including controls) with their one year ahead leads. Because we are unable

to include the final year of the sample in the specification, column (1) re-estimates our

baseline specification dropping observations from the year 2015.

The byproduct of including leads have almost no impact on the coefficients and the

resulting Brueckner-Oates test results do not change in the leads specification. Thus, it

does not appear that ignoring forward-looking behavior is a first-order concern for our

main analysis. If anything, adjusting for the impact of future spending and taxes leads to

larger increases in house prices from a tax-funded increase in current spending.
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Table 7: Robustness Test for Anticipatory Responses

Outcome: Log(HPI) (1) (2)

Log(Current Spending) 1.223*** 1.441***
(0.195) (0.207)

Log(Property Tax) -0.177*** -0.196***
(0.0466) (0.0490)

Efficiency: Current Spending

∆ HPI 0.36∗∗∗ 0.438∗∗∗

95% Confidence Interval [0.157, 0.565] [0.223, 0.654]
Observations 121,191 121,191
First-Stage F-stat: Spending IV 71.66 71.66
First-Stage F-stat: Tax IVs 61.33 61.33
Complete Set of Controls X X
Independent Variable is a Lead X

Notes: Current spending is spending on salaries and all other costs excluding capital investments and
construction costs. Property tax revenues are measured at the district level and do not include any
other local tax revenues. In all models we instrument for endogenous current spending and property
tax revenue per-pupil with both initial spending and initial tax quartile in 1972, interacted with the
event-time shocks from school finance reforms. Standard errors reported and are clustered at the
district level.

5.3 The Direct vs. Indirect Capitalization of School Spending

The increase in house prices that accompanies an exogenous increase in school spending

naturally affects who can afford and who is willing to pay to live in a school district.

Thus, as an important extension of our main capitalization results, we now investigate the

impact of current spending on sorting across districts, focusing on the fraction of children

in poverty in a school district as a summary measure of sorting. The US Census Bureau

Small Area Income and Poverty Estimates (SAIPE) program produces annual estimates of

income and poverty for all states and counties, as well as estimates of school-age children

in poverty for all US school districts.24

We begin by looking directly at the effects of school spending and property taxes on

24SAIPE school district poverty estimates are available here: https://www.census.gov/programs-
surveys/saipe/data/datasets.html
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sorting, by estimating analogous specifications to a number of those reported in Tables 3

and 5 but with the fraction of children in poverty as the dependent variable. The pattern

of results shown in Table 8 is remarkably consistent with the house price regressions. The

first column reports the results of a specification analogous to the fourth column of Table

3, reporting a 1% increase in current spending is associated with a 0.25% decrease in the

school poverty rate. This effect remains largely unchanged when we control for local

property taxes in column two, a specification analogous to that reported in the fourth

column of Table 5. Our finding that household sorting is driven by current expenditures

is consistent with the result that house prices are quite responsive to increases in school

spending.

Table 8: Income Sorting Response to Current Spending and Taxes

Outcome: Local Youth Poverty Rates (1) (2)

Log(Current Spending) -0.252*** -0.216***
(0.0641) (0.0530)

Log(Property Tax) 0.00480
(0.0108)

Observations 114,038 114,038
First-Stage F-stat: Spending IVs 12.43 61.17
First-Stage F-stat: Tax IVs - 56.93
Complete Set of Controls X X

Notes: Local youth poverty rates are Small Area Income Poverty Estimates from the US Census bu-
reau and cover all households within the school district boundary. Current spending is spending on
salaries and all other costs excluding capital investments and construction costs. Property tax rev-
enues are measured at the district level and do not include any other local tax revenues. In all models
we instrument for endogenous current spending and property tax revenue per-pupil with both initial
spending and initial tax quartile in 1972, interacted with the event-time shocks from school finance
reforms. Standard errors reported and are clustered at the district level.

That exogenous increases in school spending decrease the fraction of children in poverty

within a district suggests that the house price effects documented above likely combine

a direct effect of school spending and an indirect effect that results from the changing

socioeconomic composition of the school district. To separate these components, Table 9

repeats the earlier house price specifications reported in Table 5 with additional controls
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for the fraction of children in poverty in the school district.

Because measures of school district socioeconomic composition are only available be-

ginning in 1993, the second column of Table 9 re-estimates our baseline specification from

column (4) of Table 5 for a sample that begins in 1993. The coefficient on school spend-

ing is significantly greater in this sub-sample perhaps because the early 1990s included

an economic recession. The third column of Table 9 includes the fraction of children in

poverty as an additional control.

Table 9: Indirect Capitalization of Current Spending

Outcome: Log(HPI) (1) (2) (3)
Log(Current Spending) 1.172*** 2.130*** 1.551***

(0.187) (0.309) (0.231)
Log(Property Tax) -0.183*** -0.191*** -0.264***

(0.0469) (0.0506) (0.0398)
SAIPE Pct. Poverty, 5-17 yr olds -1.521***

(0.111)
Efficiency: Current Spending

∆ HPI 0.333∗∗∗ 0.746∗∗∗ 0.419∗∗∗

95% Confidence Interval [0.136, 0.531] [0.423, 1.069] [0.156, 0.652]
Observations 123,978 114,048 114,038
First-Stage F-stat: Spending IVs 95.26 61.18 65.24
First-Stage F-stat: Tax IVs 47.14 56.92 51.13
Complete Set of Controls X X X
Consistent Sample Years X X

Notes: Current spending is spending on salaries and all other costs excluding capital investments and
construction costs. Property tax revenues are measured at the district level and do not include any
other local tax revenues. Local youth poverty rates are Small Area Income Poverty Estimates from
the US Census bureau and cover all households within the school district boundary. In all models
we instrument for endogenous current spending and property tax revenue per-pupil with both initial
spending and initial tax quartile in 1972, interacted with the event-time shocks from school finance
reforms. Standard errors reported and are clustered at the district level.

Comparing columns (2) and (3) shows that inclusion of controls for demographic and

socioeconomic composition, the majority of the capitalization of school salary spending

into house prices is a direct effect of spending (73%), while a smaller fraction appears to be
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due to the sorting that occurs following the spending change (27%).25 The efficiency test

continues to imply that current spending is inefficiently too low, with point estimates of

0.42% efficiency elasticity of current spending and the corresponding p-values remaining

below 0.001 levels, which is in the 95% confidence interval of the main results from Table

5, i.e. [0.136, 0.531].

5.4 The Efficiency Test in units of dollars

In our main model we regress the log of the house price index on the log of the spending

and the log of taxes. The virtue of the log-log specification is that our estimated param-

eters are reduced-form elasticities with a natural interpretation. We complement the ap-

proach of estimating log-log specifications by estimating a linear-log model in which we

convert the house price index into a dollar value amount for one month’s rent and regress

it on the log of per pupil per capita current expenditure and the log of per pupil local rev-

enues from property taxes — instrumenting current spending and property taxes using

the same instrumental variables strategy as before.26 In this model, a one percent change

in spending and taxes generates a unit change in our house price that is proportion to the

estimated coefficient.

Estimates for the rent cost response to dollar-valued changes in current spending and

taxes are presented in the Appendix (Table B.5.)27 We find that a 1% increase in local

property taxes (equal to $48.71 in 2015) used to fund an increase in current expenditure

would increase monthly rents by $2.17. Consider the following conceptual exercise. To

close the gap in current spending between the average school district in the first and

fourth quartile of school spending in 1990 (2015) would require an increase in current

expenditure $1,563 ($2,136) per-pupil, which would require a 68% (64.7%) increase in local

25Accounting for sorting, we find that household are 38% more sensitive to local property taxes than we
otherwise estimated.

26In the appendix we detail the process of converting the house price index into a dollar amount.
27The columns of Table B.5 vary based on the rent cost conversion using a national, metropolitan area, or

local price-to-rent ratio.
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property taxes revenue for the quartile 1 districts. Based on the results of our efficiency

test, such a policy would increase monthly rental costs by approximately approximately

$148 ($140), or 15.6% (13.9%) in 1990 (2015).

6 Why Might School Spending be inefficiently low?

According to standard micro-economic theory, a natural reason why school spending

could be inefficiently low is that the housing supply is slow to respond to changes in

school inputs. We test this explanation by implementing our standard research design

and efficiency test in the sample of school districts where housing supply is above and

below the national median, according to the housing supply elasticities estimated in Saiz

(2010).

Table 10: IV Estimates By Geography

House Price Capitalization of Per-Pupil Expenditures
(1) (2) (3) (4) (5)

Less Elastic More Elastic Urban Suburban Rural

Log(Current Spending) 1.950*** 0.362*** 1.461*** 1.234*** 0.503***
(0.291) (0.0912) (0.374) (0.169) (0.108)

Log(Property Tax) -0.151*** -0.152*** -0.131* -0.359*** -0.218***
(0.0465) (0.0486) (0.0732) (0.0387) (0.0316)

Efficiency

∆ HPI 0.707*** 0.007 0.512** 0.184** 0.003
Confidence Interval [0.45, 0.96] [-0.13, 0.15] [0.13, 0.89] [0.01, 0.36] [-0.12, 0.13]
Observations 51,319 56,381 11,670 48,971 53,335
Complete Set of Controls X X X X X

Notes: Current spending is spending on salaries and all other costs excluding capital investments and
construction costs. Property tax revenues are measured at the district level and do not include any
other local tax revenues. In all models we instrument for endogenous current spending and property
tax revenue per-pupil with both initial spending and initial tax quartile in 1972, interacted with the
event-time shocks from school finance reforms. Standard errors reported and are clustered at the
district level.

In Column (1) and (2) of Table 10, we report the results of our test. Consistent with the

theoretical prediction we find evidence that a 1% tax-funded increase in school spending
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would increase house prices by a statistically significant 0.71% in the sample of school dis-

tricts where the elasticity of housing supply is below the national median, but have tiny

and statistically insignificant impact of 0.01% on house prices in the sample of districts

where the elasticity of housing supply is above the national median. Furthermore, con-

sistent with theory, the difference in the efficiency estimates for the two samples is due to

large differences in the extent to which plausibly exogenous changes in current spending

are capitalized into house prices. Importantly, we estimate similar elasticities of house

prices with respect to property tax revenues in both below-median and above-median

districts (-0.151 versus -0.152), which suggests that differences in preferences over taxes,

holding the level of school spending fixed are not driving differences in the efficiency es-

timates across geography. The results of our efficiency test implemented separately for

districts in urban, suburban, and rural areas, as reported in Column (3)-(5) of Table 10

reinforce the finding that school spending is inefficiently low in places where housing

supply is least responsive (urban and suburban areas) and occurring at the efficient level

in places where housing supply is elastic (rural areas).

7 Conclusion

National expenditure on public goods both in the US and abroad constitute a large share

of national GDP. Moreover, determining the efficient level of provision is difficult pre-

cisely because public goods require the elicitation of individuals’ willingness to pay in a

context where free-riding is endemic. For these reasons, the efficient provision of public

goods is a fundamental question that has has inspired work in the economics profession

for nearly a century (Musgrave 1939; Samuelson 1954; Tiebout 1956; Oates 1969; Brueck-

ner 1979; Yinger 1982; Bagnoli and Lipman 1992; Barrow and Rouse 2004; Cellini et al.

2010; Nguyen-Hoang and Yinger 2011).

Harkening to a classic literature, we show that even in a model with households with
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heterogeneous preferences that the theoretical insights of Brueckner (1979) and Brueck-

ner (1982), foreshadowed presciently by Oates (1969), yields an equivalency between the

Samuelson (first order) condition for efficient public good provision and utility equal-

ization in spatial equilibrium. This equivalence permits us to use the housing market to

test for the efficiency of current expenditure on K-12 education, without relying on the

strong assumptions inherent in the Tiebout (1956) model. The theory also provides clear

guidance for how to use aggregate data on quality-adjusted local house prices and the

natural occurring variation in school spending on salaries and tax revenues used to fund

schools to test whether current expenditure on schools is occuring at the efficient level.

In addition to providing independent variation in salary spending and local taxation, a

key advantage of our empirical design is that the resulting estimates are based on a na-

tional sample of school districts rather than a single state or metropolitan area, which is

common in the literature given how challenging it is to credibly test for efficiency.

We find that house prices are sharply increasing in current spending and decreasing

in local property taxes. Our results indicate that a dollar raised through local taxes and

spent on current expenditure has a positive and statistically significant impact on local

house prices, which implies that school spending on salaries in the U.S. is inefficiently

low. Importantly, our analysis uses identifying variation that arises because of changes

in school district spending on personnel following school finance reforms. Thus, while

there may be ways for school districts to spend money more efficiently than they currently

do, our results provide strong evidence that when given more resources, the additional

money that school districts spend on personnel sharply increases house prices, even net

of taxes and, moreover, without requiring additional incentives to spend money more

efficiently. In this sense, the effect of increased current spending measured in our paper

is potentially a lower bound.

The results of our market-based test for current spending in US public schools is con-

sistent with the evidence from the teacher value-add literature and the school finance lit-
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erature. These two literatures produce credible, consistent evidence of the positive impact

of both high value-add teachers (Chetty et al. (2014a,b)) and increased school spending

on educational attainment (Loeb and Page (2000); Card and Payne (2002); Lafortune and

Schönholzer (2022); Brunner et al. (2020); Baron (2021); Jackson and Mackevicius (2021),

inter-generational mobility Biasi (2017) and other long-run labor market outcomes (Jack-

son et al., 2016).

Both a national and international comparison of teacher pay in the U.S. is suggestive

of why the efficiency gains from greater teacher pay are potentially so large. Real aver-

age wages for teachers in the U.S. have not increased since 1990 – if anything they have

slightly decreased from $59,116 in 1990 to $58,136 in 2017 (National Center for Education

Statistics 2019a). During this time period, real median income increased from $52,008

to $57,423 and real expenditures per pupil increased from $9,741 to $13,634 (US Census

Bureau 2021; National Center for Education Statistics 2019b). Moreover, compared to

similarly credentialed workers in the U.S., teachers experience a 22% pay gap, the sec-

ond largest among 23 peer countries (Hanushek et al., 2019). Another lever available to

policymakers to reduce the level of inefficiency in current expenditure is to reduce the

restrictions on housing supply.

Finally, it is important to point out that the analysis of the provision of public school

spending in this paper on the efficiency of current spending levels is potentially a conser-

vative lower bound because it takes into account only the private returns to households

and their children. Any broader social and civic returns to education as well as concerns

about the equitable provision of educational opportunities could further raise the value of

increased spending on school personnel, especially in relatively poor and low-spending

districts (Johnson and Jackson 2019; Loeb and Page 2000; Johnson and Nazaryan 2019).
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Appendix A: Data and Measurement, Categorization of

School District Finances

The data in our sample cover 42 of the lower 48 states from 1990-2015. North Car-

olina, Maryland, and Nevada do not comprehensively or consistently report district fi-

nances during the sample period and are excluded. Property tax revenues in 1972 are

not well reported for Massachusetts districts, invalidating the second of instruments for

those data. Washington DC is served by one public school district and is also excluded.

Reform states (including those with pre-1990 reforms) are coded to match Jackson et al.

(2016) (exluding Michigan). Table A.1 lays out the first-year of reforms in our sample. In

Section 7 we present our headline results with reform year coding from Lafortune et al.

(2018) and find comparable results to the main analysis.

Table A.1: First Year of Finance Reform as Mandated by State Supreme Courts

The treatment window for the IV design begins in the reform year and ends 16 years

post-reform. California, Kansas, and New Jersey are coded into the control group as each

state experienced the initial reform prior to 1974 thus will not have sample years that fall

within the treatment window. For the second component of the IV, school district finances
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from 1972 are used to estimate the pre-period state spending distribution and categorize

districts into spending and property tax revenue quartiles. The Census of Governments

finance data is the sole provider of public data describing district finances as early as 1972,

and for consistency is the primary data source for this study.28

The primary specification of the paper uses both per-pupil spending and property tax

revenues from 1972 as instruments for contemporary school finances. Table 2 shows that

spending classification in 1972 is not a strong predictor for property tax classification in

1972.

28For the school years ending 1991, 1993, and 1994, an overwhelming number of districts do
not report finances to the Census of Governments or the National Center for Education Statistics
(NCES). Researchers with the Rutgers University School Funding Fairness project have aggregated
school-level finances to district-levels available for the missing years 1991, 1993, and 1994. Source:
http://www.schoolfundingfairness.org/data-download
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A1. Categorizing District Finances

Table A.2: School Finance Variables

Notes: Table reference for the definitions of relevant school finance variables. Salaries and
wages measured in this paper do not include benefit payments.
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A2. Current Vs. Capital Spending Over Time

Figure A.1: Spending Over Time by 1972 Spending Quartile

Notes: Time series of per-pupil spending for sample districts from 1990-2015. Each plot shows the
trends for total spending, current spending, and capital spending when grouping districts by historic
1972 per-pupil spending quartile. All variables are deflated to 2015 values.

58



Figure A.2: Spending Over Time by 1972 Tax Quartile

Notes: Time series of per-pupil spending for sample districts from 1990-2015. Each plot shows the
trends for total spending, current spending, and capital spending when grouping districts by historic
1972 per-pupil property tax revenue quartile. All variables are deflated to 2015 values.
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Salaries and wages broadly fall within the broader category of current expenditures,

which make up about 92% of total. Other current expenditures include employee bene-

fit payments, spending for educational and student support services, and supplies. The

remaining 8% is capital spending on property, construction, and building rehabilitation.

Figure A.3 shows the percentage split between current and capital expenditures is re-

markably consistent between low and high expenditure districts.

Figure A.3: School District Expenditures Over Time

(a) 1990 Expenditure Classification (b) 2015 Expenditure Classification

Notes: This diagram shows the allocation of school district expenditures to salary and non-salary ex-
pense categories in 1990. Non-salary expenses include both capital and current expenses not includ-
ing wages and salaries. The composition of spending is remarkably consistent between low-spending
(quartile 1) and high-spending (quartile 4) school districts.

We separate salaries and wages from other components of current spending. Em-

ployer benefit payments for employee retirement accounts and healthcare (medical, den-

tal, and vision) are not included in our salaries and wages measure. There is available

district data for salary spending from 1990-2015. However, NCES did not report detailed

salary breakouts until 2000, reporting expenditures for instruction (teachers and assistant

teachers), administration (including pupil support services such as counselors), and oper-

ations (transportation, food service, maintenance). As a check, we compute the fraction of

total salary spending dedicated to the three broad categories for the year 2000 (and 2015):

instruction, 74% (73%); administration, 14% (15%); and operations 12% (12%). There are

little changes in the salary breakdown over time, with instructional salaries (teachers and
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teaching assistants) representing the largest share. 29

A3. Property Tax Revenues

On the whole, school districts are largely funded by state governments (47%) and local

property taxes (37%), with the remainder coming from the Federal government and other

local tax sources. Real property tax revenues per-pupil increased from $3,884 to $5,162

during the sample period but remained within a range of 37%-41% of total spending per-

pupil.

Our coding of the Michigan reform date differs from the literature as we use the pas-

sage of Proposal A in 1994 as timing of the state reform. The state centralized funding

by slashing property tax rates, and hence school revenues from property taxes, while

redistributing state revenues in a way that aimed to reduce funding gaps. Figure A.4

shows the decrease in property tax revenues per-pupil. The richest (Q4) districts saw

property tax revenues decrease from roughly $7,500 to $3,500 (-$4,000) in the immediate

years pre/post 1994, and the poorest (Q1) saw an average decrease from $4,000 to $1,500

(-$2,500). We can compare that to the increase in state taxes for all districts of roughly

$2,500 to $7,500 (+$5,000). This implies a net increase of $1,000 per-pupil in Q4 districts

and $2,500 per-pupil in Q1 districts generated by the 1994 passages alone. This varia-

tion across quartiles in Figure A.4 provides an example of the variation we use to isolate

exogenous changes in funding on house prices.

29This data is available using from the National Center for Education Statistics.
Source:https://nces.ed.gov/ccd/elsi/tablegenerator.aspx
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Figure A.4: Coding Michigan Reform Based on Proposal A (1994)

Notes: The 1994 passage of Proposal A in Michigan immediately restructured the funding of
schools away from property taxes. Our coding of the reform date in Michigan differs from
the literature but follows the implementation of Proposal A.

A5. High Cost Housing Areas

Fannie Mae and Freddie Mac are restricted from purchasing mortgages above a conform-

ing loan limit (CLL). As the house price index tracks house sales from Fannie Mae and

Freddie Mac backed loans, the index could be biased by the exclusion of particularly

high priced house sales. Further, a 2008 program change allowed for the loan limits to

be 50% higher in certain high-cost areas of the contiguous US. High-cost areas can be

found within California, Colorado, Connecticut, District of Columbia, Florida, Georgia,

Idaho, Maryland, Massachusetts, New Hampshire, New Jersey, New York, North Car-

olina, Pennsylvania, Tennessee, Utah, Virginia, Washington, West Virginia, and Wyoming.

Loan limits will bias our main estimation if high-cost areas face binding loan limits

prior to the change in 2008, as the house price index would mechanically increase after
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2008 as higher priced house sales are included. In our robustness checks we proxy for

the likelihood of house sales facing binding loan limits with 1990 census counts of owner-

occupied housing within various price bins for census tracts and counties. We target the

fraction of owner-occupied housing valued over $250,000 within a 1990 census area as a

crude measure of the potential for exposure to high cost loan limits.

A6. House Price Capitalization Literature

There is a broad literature around the house price capitalization of marginal changes to

public goods, as well as the internalization of individual and firm behavior within the

community. In Table A.3 we describe a small sample of papers studying the house price

capitalization of various school quality attributes. An extensive review of this literature

is conducted in the Handbook of The Economics of Education, Chapter 10 (Black and

Machin 2011). A second strand of literature studies the capitalization of environmental

amenities from crime to pollution. Table A.4 summarizes a small sample of the local

amenity capitalization literature.
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Table A.3: The House Price Capitalization of School Quality

Article Setting Data Capitalization

Cook (2018) U.S. - Ohio Ohio property tax records
1998-2009

Increased access to charter schools
statewide lowered property values and
depressed the tax base for traditional
public schools.

Imberman and
Lovenheim
(2016)

U.S. - Los Angeles
County

60,000 housing trans-
actions in Los Angeles
County from 2009-2011

Public release of school and teacher value-
add ratings have no statistical effect on
house prices. There is evidence that
test scores are positively capitalized into
house prices.

Gibbons et al.
(2013) United Kingdom

Price and basic charac-
teristics of all U.K. house
sales, linked with schools
from 2000-2006. The
boundary discontinuity
design sample restricts
observations to sales
within 700 meters of a
school zone boundary.

Both school value-add measures and prior
student achievement have positive effects
on house prices.

Black and
Machin (2011) U.S. -

Handbook chapter reviewing various
methodological approaches in the house
price capitalization literature prior to
2011.

Cellini et al.
(2010) U.S. - California

Sale prices and physical
characteristics of Califor-
nia home purchases be-
tween 1988-2005.

Willingness to pay for school infrastruc-
ture improvements reflected by positive
house price capitalization of district cap-
ital expenditures.

Barrow and
Rouse (2004)

U.S. (not including
AK, HI, MD, NC,
VA, CT, MA, RI,
TN

Decennial census home
values for 1980 and 1990
aggregated to school dis-
trict level.

State aid is valued by households on the
margin, and on average districts do not
overspend on education. Secondary anal-
ysis shows potential for overspending in
select districts: lower income areas, large
districts, and those with low homeowner-
ship rates.

Figlio and Lu-
cas (2004) U.S. - Florida

Over 70,000 residential
properties near elemen-
tary schools in 47 Florida
counties.

The release of report cards assigning letter
grades to schools significantly increased
house prices for schools with an ”A” rat-
ing, relative to ”B” and ”C” rated schools.
The timing of the report card release ex-
plains the sorting of households with high
achieving students to ”A” rated schools,
above and beyond observed performance
of the school on standardized tests.

Notes: A cross-section of the school quality capitalization studies carried out with robust
methods across various localized geographies. For a comprehensive review of the house
price capitalization literature see Black and Machin (2011).
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Table A.4: The House Price Capitalization of Local Amenities

Article Setting Data Capitalization

Diamond and
McQuade
(2019)

U.S. - 15 states

16 million housing sales
within 1.5 miles of 7,098
LIHTC projects, 1987-
2012.

LIHTC development increases house
prices in low-income areas and reduces
prices in upper-income areas. Mecha-
nisms include demographics and crime.

Gonzalez-
Navarro and
Quintana-
Domeque
(2016)

Mexico - Acayucan
1,200 dwellings on streets
randomly selected to be
paved from 2006-2009.

Paving intervention increased home val-
ues, boosting household access to credit
for the purchase of automobiles, appli-
ances, and home renovations.

Muehlenbachs
et al. (2015) U.S. - Pennsylvania

230,000 property transac-
tions in 36 counties from
1995-2012.

For homes within 2 km of shale develop-
ment: negative price capitalization when
water supply is dependent on groundwa-
ter; and small, positive capitalization for
homes where water is piped in from out-
side source.

Currie et al.
(2015)

US - Texas, New
Jersey, Michi-
gan, Florida and
Pennsylvania

Housing transactions
within 2 miles of a toxic
industrial plant opening
or closing. 1,600 plants
are observed.

The prices of homes within 0.5 and 1
mile bands of a plant opening decrease
by 11% relative to those between 1 and 2
miles away. The house price response is
stronger in low-income areas.

Besley and
Mueller (2012)

Ireland - 11 North-
ern Regions

House price index of
1,000 housing transac-
tions each quarter from
1984-2007.

House prices decrease in response to vio-
lent deaths related to paramiltary conflict.
The 1993 Peace Process reduced killings
substantially.

Linden and
Rockoff (2008)

U.S. - Charlotte,
Mecklenburg
County, North
Carolina

Tax assessment data for
9,000 home sales within
0.3 miles from the address
of a newly register sexual
offender.

House prices within a 0.1 mile radius of an
offender decrease, reflecting disamenity
effects of crime at a localized level.

Notes: A cross-section of the neighborhood amenity literature carried out with robust meth-
ods across various localized geographies. The capitalization of a broad set of amenities stud-
ied include crime, infrastructure, environmental pollution, and industrial organization.
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Appendix B. Additional Analysis and Estimation

B1. IV/2SLS Balanced Panel

Table B.1: IV Estimates : Balanced Panel

House Price Capitalization of Per-Pupil Expenditures
(1) (2)

Log(Current Spending) 1.756*** 1.285***
(0.249) (0.200)

Log(Property Tax) -0.170*** -0.240***
(0.0469) (0.0384)

SAIPE Pct. Poverty, 5-17 yr olds -1.660***
(0.111)

Efficiency: Current Spending

∆ HPI 0.602∗∗∗ 0.325∗∗∗

95% Confidence Interval [0.335, 0.869] [0.118, 0.533]
Observations 81,234 81,234
Complete Set of Controls X X

Notes: Current spending is spending on salaries and all other costs excluding capital investments and
construction costs. Property tax revenues are measured at the district level and do not include any
other local tax revenues. In all models we instrument for endogenous current spending and property
tax revenue per-pupil with both initial spending and initial tax quartile in 1972, interacted with the
event-time shocks from school finance reforms. Standard errors reported and are clustered at the
district level.
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B2. Robustness to Quasi-Experimental Design

Table B.2: Capitalization of Current Spending : Post -1990 Reforms

Outcome: Log(HPI) (1) (2) (3)
Log(Current Spending) 1.634*** 1.448*** 2.211***

(0.147) (0.148) (0.161)

Log(Property Tax Revenue) -0.195** -0.260*** -0.312***
(0.0670) (0.0308) (0.0505)

Efficiency: Current Spending

∆ HPI 0.524*** 0.377*** 0.661***
Confidence Interval [0.301, 0.746] [0.239, 0.515] [0.471, 0.850]
Observations 125529 115372 119791
Complete Set of Controls X X X
Poverty Control for Sorting X
Dependent Variable is a Lead X
Sample Years 1990-2015 1993-2015 1991-2015

Notes: Standard errors reported and are clustered by district. Current spending is spending on salaries
and all other costs excluding capital investments and construction costs. Property tax revenues are
measured at the district level and do not include any other local tax revenues. To test whether the
main results are driven by event-time coding in the instruments, we estimate the preferred regression
using the reform year coding from Lafortune et al. (2018). All models swap utilize 1990 spending and
property tax revenue quartiles for the 1972 instruments used in the main analysis of the paper.
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B3. Robustness to Multi-Level Clustering

We now test the robustness of our results to an alternative approach to computing our

standard errors. Instead of clustering our standard errors at the school district level, we

cluster our standard errors at the state-by-year-by-spend quartile-by-tax quartile, since

this is the level of variation that we exploit for identification. Column (1) replicates the

baseline result, Column (2) replicates the baseline result with the controls for sorting on

income and Column (3) replicates the result with forward looking behavior. In all three

cases we find that a tax-funded increases in current spending elasticity would increase

house prices by a statistically significant amount.

Table B.3: Capitalization of Current Spending

Outcome: Log(HPI) (1) (2) (3)
Log(Current Spending) 1.172*** 1.551*** 1.441***

(0.208) (0.222) (0.215)

Log(Property Tax Revenue) -0.183* -0.264** -0.196*
(0.0914) (0.0938) (0.0851)

Efficiency: Current Spending

∆ HPI 0.333** 0.419*** 0.438***
Confidence Interval [0.084, 0.582] [0.150, 0.688] [0.189, 0.687]
Observations 123978 114038 121191
Complete Set of Controls X X X
Poverty Control for Sorting X
Dependent Variable is a Lead X
Sample Years 1990-2015 1993-2015 1991-2015

Notes: Standard errors reported and are clustered by state× year× spendq× taxq (Correia 2018). Cur-
rent spending is spending on salaries and all other costs excluding capital investments and construc-
tion costs. In all models we instrument for endogenous current spending with the 1972 total spending
quartile interacted with event-time shocks from school finance reforms. Property tax revenues are
measured at the district level and do not include any other local tax revenues.
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B4. IV/2SLS Estimation in Dollar Cost of Rent

In our main model we regress the log of the house price index on the log of the spend-

ing and the log of taxes. The virtue of the log-log specification is that our estimated

parameters are reduced-form elasticities with a natural interpretation. In this section, we

complement the approach of estimating log-log specifications by re-estimating our model

in levels for house prices, school spending and taxes. The virtue of recasting our results

in levels is that we can directly report households’ willingness to pay for tax-funded in-

creases in salary spending in dollar amounts.

Since current spending and property taxes are already in levels, estimating a model

in levels only requires us to convert the house price index into dollar denominations. We

implement the conversion in two steps. First, compute the weighted average house value

in each school district in 2000, denoted Vd,00, using data from the 2000 Decennial Census

on reported house prices in each census tract and the census tract population weights

(∑j=1) described in Section 2:

Vd,00 =
J

∑
j=1

ωjVj,00.

We next convert this stock measure of average housing value in a school district into a

flow measure of monthly rental cost in the school district. To convert from house value

to rental cost, we calculate the average value to rent ratio in the 2000 Decennial Census,

and use this constant to convert the weighted house prices that we previously calculated

for each school district (Vd,00) into an equivalent monthly rental price. From Table B.4,

we estimate that the average home value in a school district in 2000 was $205,684 and the

national value to rent ratio was 206.36. Because we have a price level in 2000 for each

school district and a time-series of the house price index, we can construct a time-series

of house price levels using the HPI in a given year as a scaling factor of the rental prices in

2000. We then show results on the capitalization of school spending and taxes into house
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price levels using rental prices computed using the value to rent ratio at the national level,

the MSA level and the school district level. We calculate the rental value in these three

distinct ways to explore how sensitive our results are alternative ways of measuring the

home to value ratio. In practice we will find that using price to rent conversion factor

from the more local levels of geography, i.e. school district and MSA, produce the similar

if not slightly more conservative estimates of the capitalization of school spending and

property taxes into house prices.

Table B.4: Summary Statistics

1990 2000 2010 2015

Weighted Avg. Census Home Value $205,684
(148,457)

National V-R Ratio 206.36

Implied Monthly Rental Costs $942.46 $996.72 $984.73 $1003.52
(553.74) (618.96) (719.52) (838.15)

Notes: All dollar values are reported in 2015 levels. The monthly rental cost for a school district in
2000 is the weighted average census home value divided by the value to rent (V-R) ratio. The district’s
2000 rental cost is multiplied by the relative change in the house price index over time to produce the
implied rental costs in other years.

We divide Vd,00 by the estimated value to rent ratio, converting converting the asset

value to a measure of monthly rental costs. We calculate the value to rent ratio at the na-

tional level, the MSA level, and school district level. The rental cost measure is extended

over the entire panel period using the annual variation in our high frequency house price

index. Row 3 of table B.4 shows the mean implied monthly rental costs for several years

of the sample, deflated to 2015 dollar values.

After computing average monthly rent costs for each district × year observation, we

turn to estimating the IV/2SLS specification. In Figure B.1 we show the reduced form

variation in monthly rental costs relative to the event year T=-1. Next, dollar-valued

rent costs are modelled as an outcome in a level-log regression analogous to the log-

log specification of Equation 11, conducting the efficiency test in the same way. Using
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Figure B.1: Reduced Form Effect of Reforms : Dollar Cost of Rent

Notes: The figure event-study graph illustrates the effect of finance reform timing on our
measure of monthly rental costs. Of interest are a set of indicator variables that are equal to
one for districts in a reform state T years relative to the reform year, interacted with indicators
for the the 1972 per-pupil spending quartile. The reference group are school districts in the
top quartile of historical total spending along with districts in non-reform states. Additional
controls include policy controls for the concurrent rollout of healthcare and social service
programs, 1960 county characteristics interacted with linear time trends, along with district
and year fixed effects. 95% confidence intervals are depicted.

standard interpretation of a level-log regression, the results of column three show that a

1% increase in current spending increases monthly rent by 1127.8
100 = $11.28 holding all else

constant. A 1% increase in property-tax revenues decreases monthly rent by 279.0
100 = $2.79.

Conducting our efficiency test, which simulates a 1% increase in property tax revenues

used entirely on current expenditures, we find that monthly rental costs would increase

by 217.24
100 = $2.17.
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Table B.5: Rental Cost Capitalization of Current Spending

Outcome: Monthly Rental Costs ($2015) (1) (2) (3)

Log(Current Spending) 1066.1*** 1099.8*** 1127.8***
(195.4) (193.7) (193.3)

Log(Property Tax Revenue) -264.8*** -269.7*** -279.0***
(44.04) (42.15) (43.37)

Efficiency: Current Spending

∆ Monthly Rental Costs ($) 204.25∗∗ 214.25∗∗ 217.24∗∗

95% Confidence Interval [12.35, 396.16] [21.91, 406.59] [23.82, 410.65]
N 114890 114888 103819
Fstat1 66.13 66.13 74.82
Fstat2 51.97 51.96 89.56
V-R Ratio National MSA Local
Complete Set of Controls X X X

Notes: Standard errors reported and are clustered by district. For interpretation of a level-log regression,
divide each coefficient by 100 to obtain the dollar valued response of a 1% increase in the variable of
interest. Current spending is spending on salaries and all other costs excluding capital investments and
construction costs. In all models we instrument for endogenous current spending per-pupil with the
event-time shocks from school finance reforms. Property tax revenues are measured at the district level
and do not include any other local tax revenues.
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Figure B.2: State Per Capita Income and Reform Timing

Notes: The Figure contains coefficients from an event-study model taking state per-capital
GDP as an outcome of reform timing. The reference group includes states that do not un-
dergo school finance reform during the sample period. The estimates illustrate no preceding
economic growth prior to state finance reforms.
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Table B.6: IV Estimation with Quartile Specific Time Trends

House Price Capitalization of Per-Pupil Expenditures
Outcome: Log(HPI) (1) (2) (3)

Log(Current Spending) 1.175*** 1.270*** 1.182***
(0.191) (0.189) (0.185)

Log(Property Tax) -0.335*** -0.291*** -0.319***
(0.0441) (0.0408) (0.0432)

Efficiency: Current Spending

∆ HPI ($) 0.182∗ 0.268∗∗∗ 0.201∗∗

95% Confidence Interval [-0.024, 0.388] [0.072, 0.465] [0.011, 0.402]
N 114,038 114,038 114,038
Quartile Trends Spending Taxes Both
Complete Set of Controls X X X

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: Current spending is spending on salaries and all other costs excluding capital investments and
construction costs. Property tax revenues are measured at the district level and do not include any other
local tax revenues. In all models we instrument for endogenous current spending and property tax rev-
enue per-pupil with both initial spending and initial tax quartile in 1972, interacted with the event-time
shocks from school finance reforms. Quartile trends are initial IV quartile interacted with a linear time
trend. Standard errors reported and are clustered at the district level.
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Figure B.3: First Stage Current Spending : Inelastic MSAs

Notes:

Figure B.4: First Stage Taxes : Inelastic MSAs

Notes:

75



Figure B.5: First Stage Current Spending : Elastic MSAs

Notes:

Figure B.6: First Stage Taxes : Elastic MSAs

Notes:
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Figure B.7: Histogram of District Elasticities

Notes:

Figure B.8: Weighted Histogram of District Elasticities

Notes:
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Table B.7: Off Diagonal School Districts

District Enrollment MSA State Tax Spend Reform
Quartile Quartile

20 Largest School Districts
Los Angeles Unified 646,683 Los Angeles-Long Beach, Ca CA 2 1 1
Clark County School District 324,093 Las Vegas, NV-AZ NV 2 1 0
Houston ISD 215,225 Houston, TX TX 3 2 1
Hillsborough 207,469 Tampa-St. Petersburg-Clearwater, FL FL 3 2 0
Orange 191,648 Orlando, FL FL 2 1 0
Gwinnett County 173,246 Atlanta, GA GA 4 2 0
Dallas ISD 160,253 Dallas, TX TX 4 3 1
Philadelphia City SD 134,241 Philadelphia, PA-NJ PA 3 4 0
San Diego Unified 129,779 San Diego, CA CA 3 2 1
Duval 128,685 Jacksonville, FL FL 2 1 0
Northside ISD 103,606 San Antonio, TX TX 3 2 1
Polk 99,723 Lakeland-Winter Haven, FL FL 3 2 0
Lee 89,364 Fort Myers-Cape Coral, FL FL 4 3 0
Jefferson County School District No. R-1 86,581 Denver, CO CO 2 3 0
Greenville 01 75,508 Greenville-Spartanburg-Anderson, SC SC 4 3 1
Fresno Unified 73,543 Fresno, CA CA 2 3 1
Brevard 72,285 Melbourne-Titusville-Palm Bay, FL FL 2 4 0
Fort Bend ISD 72,152 Houston, TX TX 4 3 1
Granite District 69,994 Salt Lake City-Ogden, UT UT 2 1 0
Aldine ISD 69,716 Houston, TX TX 3 2 1

20 Smallest School Districts
Southside School District 192 Rural Washington WA 2 1 1
Opdyke-Belle-Rive CCSD 5 191 Rural Illinois IL 2 1 0
Chase-Raymond 185 Rural Kansas KS 2 4 1
Oglesby ISD 184 Waco, TX TX 2 4 1
Hydesville Elementary 183 Rural California CA 1 2 1
Argonia Public Schools 180 Rural Kansas KS 3 2 1
Ventura Comm School District 179 Rural Iowa IA 2 3 0
Pemiscot Co. 179 Rural Missouri MO 1 4 1
Springer Municipal Schools 176 Rural New Mexico NM 2 3 0
Chokio-Alberta Public School Dist. 172 Rural Minnesota MN 4 1 0
Shasta Union Elementary 165 Redding, CA CA 1 2 1
Prairie Lea ISD 163 Austin-San Marcos, TX TX 2 3 1
Grass Lake SD 36 159 Chicago, IL IL 2 1 0
Owendale-Gagetown Area School District 153 Rural Michigan MI 3 1 1
Kenwood 150 Santa Rosa, CA CA 1 2 1
Chilhowee R 148 Rural Missouri MO 3 1 1
Richards ISD 144 Houston, TX TX 1 3 1
Round Valley Joint Elementary 136 Rural California CA 4 3 1
Shirland CCSD 134 121 Rockford, IL IL 2 1 0
Meyersville ISD 115 Victoria, TX TX 4 3 1
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Table B.8: On Diagonal School Districts

District Enrollment MSA State Quartile Reform

20 Largest School Districts

Chicago Public Schools 392,558 Chicago, Il IL 4 0
Palm Beach County 186,605 West Palm Beach-Boca Raton, Fl FL 4 0
Cypress-Fairbanks ISD 113,023 Houston, Tx TX 4 1
Pinellas County 103,774 Tampa-St. Petersburg-Clearwater, Fl FL 3 0
Dekalb County 101,103 Atlanta, Ga GA 4 0
Jefferson County 100,602 Louisville, Ky-In KY 4 1
Fulton County 95,460 Atlanta, Ga GA 4 0
Denver County 88,839 Denver, Co CO 4 0
Fort Worth ISD 85,975 Fort Worth-Arlington, Tx TX 3 1
Austin ISD 84,564 Austin-San Marcos, Tx TX 3 1
Long Beach Unified 79,709 Los Angeles-Long Beach, Ca CA 3 1
Milwaukee School District 77,316 Milwaukee-Waukesha, Wi WI 4 1
Alpine District 75,161 Provo-Orem, Ut UT 1 0
Davis District 70,857 Salt Lake City-Ogden, Ut UT 1 0
Katy ISD 70,330 Houston, Tx TX 4 1
North East ISD 67,971 San Antonio, Tx TX 2 1
Elk Grove Unified 62,888 Sacramento, Ca CA 2 1
El Paso ISD 60,852 El Paso, Tx TX 2 1
San Francisco Unified 58,414 San Francisco, Ca CA 4 1
Santa Ana Unified 56,815 Orange County, Ca CA 3 1

20 Smallest School Districts

North Gem District 191 Rural Idaho ID 4 1
Big Pine Unified 189 Rural California CA 4 1
Renick R-V 187 Rural Missouri MO 4 0
Limestone Walters CCSD 316 184 Peoria-Pekin, Il IL 2 0
Dorchester Public School 182 Rural Nebraska NE 4 1
South Nodaway Co. R-Iv 179 Rural Missouri MO 4 0
Walnut Comm School District 175 Rural Iowa IA 3 1
Lake Quinault School District 170 Rural Washington WA 2 1
Bradleyville R-I 166 Rural Missouri MO 1 0
Hampton Public Schools 158 Rural Nebraska NE 4 1
Julian Union High 157 San Diego, Ca CA 4 1
Gilmanton School District 157 Rural Wisconsin WI 2 0
Bartelso SD 57 156 St. Louis, Mo-Il IL 1 0
Braceville SD 75 150 Chicago, Il IL 1 1
St. John School District 150 Spokane, Wa WA 2 0
St Rose SD 14-15 149 St. Louis, Mo-Il IL 1 0
Lake Benton Public School District 131 Rural Minnesota MN 2 1
Wyoming Central School District 123 Rural New York NY 1 1
Lavallette Borough Board Of Education 122 Monmouth-Ocean, Nj NJ 4 0
Gilmore City-Bradgate Comm School District 120 Rural Iowa IA 2 1
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Figure B.9: Enrollment Response to Current Spending and Taxes

(a) Spending Quartiles

(b) Tax Quartiles

Notes:
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Table B.9: Enrollment Response to Spending Changes

Outcome: Log(Enrollment) (1) (2) (3)

Log(Current Spending) 0.744*** 0.533** 0.0166
(0.210) (0.217) (0.138)

Log(Property Tax) 0.0130 0.0210 -0.0252
(0.0351) (0.0273) (0.0738)

Observations 114,038 51,319 56,381
Sample All Inelastic Elastic
Complete Set of Controls X X X

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes:

Table B.10: Enrollment Response Conditional on Sorting

Outcome: Log(Enrollment) (1) (2) (3)

Log(Current Spending) 0.609*** 0.485** -0.0804
(0.188) (0.209) (0.131)

Log(Property Tax) -0.0282 0.00619 -0.0537
(0.0310) (0.0252) (0.0682)

Observations 114,038 51,319 56,381
Sample All Inelastic Elastic
Complete Set of Controls X X X
Sorting Controls X X X

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes:
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