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Abstract

Local governments in the United States are vertically differentiated. A typical lo-
cation is served by multiple overlapping jurisdictions that share property tax base and
specialize in the provision of one or more local public goods. This paper evaluates
the implications of such vertical differentiation for the equilibrium levels of govern-
ment spending, property tax rates, and household welfare. I propose a spatial theory
of overlapping jurisdictions in which residents collectively determine the local mix of
expenditures and taxes. Because fiscal policy capitalizes into housing prices and all
jurisdictions draw revenue from housing, the cost of raising expenditures in a location
is implicitly shared with other coexisting jurisdictions. This fiscal externality leads
to inefficiently high government spending and property tax rates, and to lower house-
hold welfare, relative to institutional regimes with coterminous or only horizontally
differentiated jurisdictions. To identify the model’s structural parameters, I exploit
a dynamic regression discontinuity design based on referenda in which local govern-
ments seek voter approval to raise property taxes and increase spending. I use this
variation to estimate the effects of fiscal policy changes on household mobility, hous-
ing prices, and public expenditures. Combining these estimates with a quantitative
version of the model and novel georeferenced data covering all U.S. local governments,
I conduct counterfactuals comparing the current institutional structure to one with
general-purpose, horizontally differentiated jurisdictions. Preliminary results suggest
that such a reform would raise household welfare by approximately 0.8 percent.
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1 Introduction

Local governments provide essential public services in the United States. Their scope ranges
from K-12 education to fire protection, emergency medical services, utilities, parks and
recreation, water conservation, and police protection. Because local governments primarily
fund these services through residential property taxes!, economists and policymakers have
long been interested in the implications of local financing for household sorting (Tiebout
1956), housing values (Oates 1969, Hamilton 1976), and inequality in access to public goods
(Bucovetsky 1982).

Standard spatial equilibrium models of local jurisdictions consider single-layer, general
purpose governments that finance a bundle of public goods with a uniform tax rate on hous-
ing expenditures (Ellickson 1971, Hamilton 1975, Stiglitz 1977, Westhoff 1977, Brueckner
19794, Brueckner 19796, Brueckner 1979¢, Rose-Ackerman 1979, Brueckner 1983, Epple, Fil-
imon and Romer 1984, Epple and Romer 1991, Epple and Platt 1998, Epple and Sieg 1999,
Brueckner 2000, Epple, Romer and Sieg 2001, Calabrese et al. 2006, Epple, Gordon and Sieg
2010, Calabrese, Epple and Romano 2012, Brueckner 2023). In the United States, however,
local governments are both horizontally and vertically differentiated. They are horizontally
differentiated because a public good, such as K-12 education, is typically provided by mul-
tiple competing jurisdictions, such as school districts. Local governments are also vertically
differentiated because any location is generally served by multiple jurisdictions, each of which
delivers one or more services and sets a property tax rate to finance them. Figure 1 shows
that the vertical differentiation of local governments is quantitatively important, especially
in the Midwest and Pacific regions.

The goal of this paper is to study how such vertical differentiation affects the provision
of local public goods and the taxation of residential property. To do so, I develop a spatial
equilibrium model of a metropolitan area in which local jurisdictions overlap and thus share
tax base. Within each jurisdiction, residents with heterogeneous preferences for public goods
vote on their preferred mix of expenditures and taxes. In the model, any change in local
fiscal policy is capitalized into housing values. Because jurisdictions share part of their

territory and tax the same asset, a change in government spending in a district affects the

n 2022, property taxes made up approximately 69 percent of total local government tax receipts (U.S.
Bureau of Economic Analysis 2023a).



Figure 1: Number of Local Government Types by County
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NoTES: This map displays the number of distinct local government types that overlapped in U.S. counties in
2017. Local government “types” are counties, municipalities, townships, school districts, community college
districts, fire protection districts, emergency medical services districts, park and recreation districts, as well
as several other special purpose districts. Alaska and Hawaii are omitted. Source: author’s own calculations
based on data from the 2017 Census of Governments (U.S. Census Bureau 2017).

tax base of all overlapping districts, thereby indirectly impacting their fiscal policies. This
externality is such that a jurisdiction’s cost of a marginal increase in spending is borne, in
part, by voters who reside outside its boundaries. In equilibrium, this induces a higher level
of government spending and higher tax rates relative to a setting in which jurisdictions are
perfectly coterminous or do not overlap at all.

The predictions of this model are consistent with the arguments put forward by Berry
(2009) and empirically tested by Berry (2008). Both highlight that the vertical structure
of local governments induces a fiscal common pool, from which independent overlapping
jurisdictions draw more resources than they would if local public goods were provided by
single-layer, general purpose governments.

To quantify the model, T exploit a regression discontinuity design based on referenda
in which local governments seek voter approval to raise property tax rates and increase
expenditures. These referenda generate plausibly exogenous variation in fiscal policy near

the approval threshold, which I use to estimate the average effects of fiscal changes on key



endogenous outcomes: population size, housing prices, tax rates, and government spending.
I then map these reduced-form estimates to the model’s structure, allowing me to recover
the values of structural parameters that rationalize the observed effects at the cutoff.

Using the fully quantified spatial equilibrium model, I conduct a counterfactual analysis
that alters the institutional organization of local governments in U.S. metropolitan areas.
In particular, I evaluate the welfare implications of replacing vertically overlapping, single-
purpose jurisdictions with horizontally differentiated, general-purpose governments that pro-
vide a broad set of local public goods. Preliminary results from this exercise indicate that
such a reorganization would raise household welfare by approximately 0.8 percent on average.

This paper contributes to three literatures. First, it embeds an important feature of
the structure of local governments in the United States into a spatial equilibrium model
of residential choice in a metropolitan area. As previously discussed, models of equilibria
across jurisdictions have a long tradition in public finance, but previous papers abstract
from the vertical differentiation of local governments and instead estimate parameters using
data from towns in Massachusetts, one of the very few states in which local public goods
are provided by general purpose, non-overlapping jurisdictions (Epple and Sieg 1999, Epple,
Romer and Sieg 2001, Calabrese et al. 2006, Calabrese, Epple and Romano 2012). Second,
this paper adds to the broad literature that studies concurrent taxation by governments
sharing tax base. This literature has mostly focused on the interplay between federal and
state governments (Johnson 1988, Boadway and Keen 1996, Besley and Rosen 1998, Albouy
2009), whereas local governments have received more limited attention (Greer 2015, Jimenez
2015, Agrawal 2016, Brien and Yan 2020). Finally, this paper leverages tools from modern
quantitative spatial modeling (Redding and Rossi-Hansberg 2017 for a review) to analyze
equilibria of local jurisdictions.

The remainder of the paper is organized as follows. In Section 2, I provide an overview
of local governments in the United States. In Section 3, I illustrate the spatial equilibrium
model and its properties. In Section 4, I describe the model solution and perform a number
of simulation exercises that offer insights into the welfare implications of alternative local

government structures. Section 9 concludes.



2 Local Governments in the United States

In 2022, around 91 thousand local governments spent 1.86 trillion dollars (U.S. Bureau
of Economic Analysis 2023a) and employed 12.2 million full-time equivalent units (U.S.
Census Bureau 2022). The local government sector, as a whole, employs a workforce that is
approximately 40 percent larger than that of federal and state governments combined (U.S.
Bureau of Economic Analysis 2023b).

Local governments vary greatly in terms of scope. General purpose jurisdictions, namely
counties and municipalities, provide bundles of services, including law enforcement, election
organization, urban planning, the court system, and housing assistance. Instead, special
purpose jurisdictions, such as fire protection districts, library districts, and water conserva-
tion districts, specialize in the provision of a single local public good. As shown in Figure
2, the number of general purpose governments has remained approximately constant over
the last eighty years, while special purpose jurisdictions have grown more than fourfold.
This growth is attributable to the fact that several State constitutions make it easy for its
residents to create local governments (Berry 2008). Local governments vary greatly in terms
of size too. Special purpose districts can be as large as groups of counties and as small as a
few blocks in an urban area. Jurisdiction boundaries are determined at the time of creation,
but annexations and secessions are not infrequent.

Local governments primarily fund their services by levying property taxes, sales taxes,
and charging residents with fees linked to specific services, such as utilities (U.S. Bureau
of Economic Analysis 2023a). Each jurisdiction maintains its own independent budget and
determines its intended level of expenditures on an annual basis. County governments are
then responsible for regularly assessing property values? and computing each jurisdiction’s
tax rate, i.e., the ratio of its projected expenditures and the aggregate assessed value of
residential property within its boundaries. A typical property tax bill lists all of the jurisdic-
tions to which a land parcel is subject to, and the unique combination of local governments

overlapping in a given location is referred to as “Tax Code Area” or “Tax Rate Area”.

2In most, but not all, states, residential property is appraised annually.
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Figure 2: Number of General and Special Purpose Governments in 1942-2022
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NotEes: This figure displays the number of general and special purpose governments active in the United
States from 1942 to 2022. General purpose jurisdictions include counties, municipalities, and townships.
Special purpose districts comprise every other jurisdiction except for school districts. Source: author’s own
calculations based on data from the 2022 Census of Governments (U.S. Census Bureau 2022).

Finally, local governments are administered by democratically elected representatives or
— in a small number of cases — State-appointed officials. In addition to local elections for
selecting representatives, residents frequently participate in referenda, which allow local gov-
ernments to seek approval for tax increases that administrators alone cannot enact. These
referenda have garnered significant attention in the empirical public finance literature that
estimates the effect of increased government expenditure on various outcomes, such as stu-
dent test scores (Cellini, Ferreira and Rothstein 2010, Darolia 2013, Hong and Zimmer 2016,
Martorell, Stange and McFarlin 2016, Abott et al. 2020, Baron 2022, Enami, Reynolds and
Rohlin 2023, Baron, Hyman and Vasquez 2024).

3 A Spatial Equilibrium Model with Overlapping Ju-
risdictions

In line with prior literature, this model describes a metropolitan area in which households

choose where to live, housing prices are determined locally, and the provision of public goods



occurs via majority voting. The model is static and is meant to capture long-term allocations
of households, government spending, tax rates, and housing prices.

Consider a unit mass of households indexed by 7. Households can be partitioned into a fi-
nite set of observable types indexed by k € K, each with mass o* € (0,1). Households choose
one among a finite set of localities indexed by a € A. Public goods are provided by jurisdic-
tions indexed by j € J that do not necessarily coincide with localities because jurisdictions
of different types overlap arbitrarily. The set of jurisdictions overlapping in community a is
denoted with J,. Symmetrically, the set of areas spanned by jurisdiction j is denoted with
A;. The boundaries of jurisdictions are fixed and the model abstracts from commuting and
the labor market. As a matter of fact, income is a type-specific endowment. This choice
is consistent with the assumption that firm location choice is not affected by residential
property taxation and the structure of local governments. As a consequence, amenities in
households’ utility function will incorporate the value of location-specific features that can

be attributed to the geographic distance between residents and firms.

3.1 Households

The household residential choice problem is similar to Epple and Platt (1998), with one
important distinction. In this model, I do not characterize heterogeneity in preferences for
local public goods by parameterizing the joint probability distribution of household income
and taste for public spending. Instead, I leverage a finite set of observable household types
that differ in their preference strength for public goods. Moreover, I augment households’
utility function with an additive idiosyncratic preference shock for locations. These choices
are in line with workhorse models of neighborhood choice in urban economics (Bayer, Fer-
reira and McMillan 2007, Ahlfeldt et al. 2015, Almagro and Dominguez-lino 2024) as well as
worker and firm location choice in public finance (Busso, Gregory and Kline 2013, Kline and
Moretti 2014, Suarez Serrato and Zidar 2016, Fajgelbaum et al. 2019) and labor economics
(Moretti 2011, Moretti 2013, Diamond 2016, Diamond and Gaubert 2017). In area a, house-
holds’ utility is log-additive in exogenous location amenities A,, housing floor space H, a
composite numeraire consumption good X, and government spending per capita in all of the

jurisdictions that overlap in that area {G;/N,} In addition, the price of the numeraire

Jj€Ja"

good is normalized to one and households rent housing space at rate R,. They also pay



property taxes to finance the provision of local public goods. Importantly, the property tax
rate in location a is the sum of the rates levied by the jurisdictions that overlap there,
Ty = Z T; (1)
j€Ja
Households are endowed with income y* that is allowed to vary only across types. In any

location a, type-k households demand housing space and the numeraire to maximize their

utility subject to a budget constraint:

maX{Aa—i- Z aflog% +5klogH+7klogX} st. X+ RH+71,)<y" (2
J

HX 4
J€Ta

Household #’s indirect utility stemming from this utility maximization problem is

G.
_ k k k k
V;a =p +j; aj logﬁj - 5 lOg Ra - 5 log (1 + Ta) + Aia <3>

where p* is a deterministic constant. I model the amenity component of utility as the sum
of a location-type-specific mean and a random variable that follows a Type-I Extreme Value

distribution with type-specific scale parameter 6%,
Aig =1, + U,  with U, ~ T1EV (0,6") (4)

Households sort into the area that yields the highest indirect utility. Asin McFadden (1974),
the parametric assumption on the idiosyncratic component of utility implies a closed-form

expression for the mass of type-k households who choose location a,

NE — o EXp (US/Qk)

“ > . €XP (vﬁ,/@k)

where the nonstochastic component of utility is

()

G,
k_— k| =k k k k
v, =p" +a, + g a; log—Nj — p¥log R, — % log (1 + 7,) (6)

J€Ta
Jurisdictions primarily differ by their function. As a matter of fact, counties, municipali-
ties, school districts, and special purpose districts deliver mutually exclusive services. Thus,
jurisdictions that perform the same function do not overlap. Given a jurisdiction j, such

as “Chicago Public Schools”, let F be a categorical variable that returns a jurisdiction’s



function. In this example, F (j) = SCHOOL. To restrict the cardinality of the set of parame-
ters measuring preferences for local government spending, I assume that the marginal value
of any class of public goods (e.g., K-12 education, fire protection, etc.) does not exhibit

variation across jurisdictions for a given household type. Formally, for any k,

af = ol for all (j,j) s.t. ¥ (j) =F(j) (7)

j:

This restriction implies that af can be interpreted as the additional utility enjoyed by type-k

households due to a marginal change in logged government spending per capita on good j.

3.2 Housing Market

In each area, housing space is supplied competitively. Firms in the construction sector
produce with homogeneous technology that exhibits decreasing returns to scale. Thus, the
marginal cost of housing space is strictly increasing in the output. For rental rates of housing

above the average cost, the housing supply function is
log H® = A +nlog R, + B, (8)

where A is a deterministic constant, n > 0 denotes the elasticity of housing supply, and B, is
a random variable that captures idiosyncratic productivity shocks in the construction sector.
Moreover, the utility maximization and location choice problems jointly yield the aggregate

demand for housing in location a,

log HP = logz ™ N¥ —log R, — log (14 7,) 9)
k/

with 7% = B’f:v’“ y*. The market-clearing rental rate of housing is such that aggregate housing

expenditures in equilibrium are

log R,H, = logz Wk/Nfl —log (1 + 7,) (10)
k/

3.3 Provision of Local Public Goods

Local fiscal policy is determined by jurisdictions, not areas. Jurisdictions choose a level of

government spending per capita G and set a property tax rate 7 to fund it. Each jurisdiction



runs a balanced budget,

Gj=7RH; <= Gj=1; Y R.H, (11)
acA;

Clearly, for any level of Gj, 7; is pinned down by population and housing expenditures.
The remainder of this section will delve into the collective action process that aggregates
preferences to determine a jurisdiction’s expenditure-tax mix. First, I will derive household
type k’s preferred tax rate to fund the provision of public good j in area a. I will then apply a
similar argument to compute the tax rate preferred by every other type in all areas spanned
by jurisdiction j. Subsequently, I will illustrate that majority-rule voting is sufficient for a

unique voting equilibrium to exist in every jurisdiction.
The level of government spending per capita on public good j preferred by type-k house-

holds who live in area a is the one that maximizes their indirect utility,

G

Gfa = arg I%E:X vh = arg I%E:X { Z 04"; log Fj — B*log R, — B log (1 + Ta>} (12)
]EJa

Assuming that the objective function is strictly concave in log G (this is proved in Appendix

A.5.3), the first-order condition associated with this maximization problem is

dlog N; dlog R, 1+ 7 dlog(1+ 7
I Fivres 0 g G, T dl(()gG-])
marginal benefit N ’ Gj= ?ﬂ ’ Gj:G?ﬂ '€ ‘ ’ Gj:G?a
margi?lgl cost
(13)

Intuitively, the marginal benefit of an increase in government spending is its marginal utility.
On the other hand, the marginal cost of an increase in government spending is the marginal
disutility that stems from an increase in the local gross-of-tax rental rate of housing re-

quired to finance it. Clearly, R, and {7} are endogenous variables and their values

J'€Ja
are constrained by two restrictions, namely housing market clearing and balanced budget.
Following Epple and Romer (1991), these equations define a Government Possibility Fron-
tier (GPF), a relationship between government spending and the gross-of-tax rental rate of
housing along which any spending change is such that the two constraints hold. Because a

voter in location a belongs to | J,| jurisdictions, each public good is associated with a distinct

Government Possibility Frontier. Moreover, each GPF takes into account several constraints
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jointly. Consider a resident of area a choosing their preferred level of government spending
per capita in jurisdiction j. In the remainder of this section, the maintained assumption is
that voters internalize the effect of a change in a jurisdiction’s expenditure on both area a’s
housing market and the budget of all jurisdictions that belong to J,. However, they take as
given the housing market in other communities and the fiscal policy chosen by other local
governments. As a consequence, the implicit choice variables for a resident of area a voting in
jurisdiction j are {Gj, R,, {Tj/}j,eja}. By assumption, {{Gj/}j,# ARt wrza s {Tj/}j,gwa} are
held constant in the derivations that follow. The [J, + 1 equations characterizing the feasible
allocations of {Gj,Ra, {Tj/}j, c Ja} are area a’s housing market clearing and the balanced

budget for each jurisdiction in 7,:

Ja <Gja Rav {Tj/}j/eja> = HE - H(P =0 (14>

K, (Gj, R., {Tj,}j,eja> =, R;H; —G; =0 forall j € J, (15)

To derive the slope of the GPF, I proceed analogously to Epple and Romer (1991) and totally

differentiate the system of equations around its 7, + 2 arguments:

0J, 0J, 0Ja
1 1 —dl i) = 1
Jlog GdogG it e I RdogR + E 6?log( _H_J)dog( +74)=0 (16)
0Ky aK Z 0K B

where equation (17) must hold for every j" € J,. To develop intuition on this system, it is
useful to specialize the metropolitan area into a partition of four areas implied by two school

districts and two cities.

3.3.1 The GPF in a 2 x 2 Metropolitan Area

Consider a stylized metropolitan area with two cities and two school districts that partition
the territory into four areas. Using the notation from the model, this metropolitan area

comprises four jurisdictions indexed by j € {Si,S2,C1,Co} and four areas indexed by a €

{1,2,3,4}.
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Figure 3: A Metropolitan Area with two School Districts and two Cities

a=1 a=2
S1 and Cq So and Cq
a = a =
S1 and Co So and Co

NoTEs: This figure displays a stylized metropolitan area served by two school districts (S; and s3) and two
cities (1 and Cg) that overlap into four areas indexed by a € {1,2,3,4}.

In the remainder of this section, I will derive the Government Possibility Frontier faced
by a voter in area a = 1, who must determine their preferred level of government spending
for jurisdictions S; and ¢;. To keep notation compact, I will refer to these jurisdictions as s
and ¢, respectively. The school district spans areas 1 and 3, while the city spans areas and 1
and 2. As a consequence, the system of equations that restricts the set of feasible allocations

for Gg and G is the following:

Ji= M+ (1+n)log Ry + By +log (1 + 75 + 7¢) — logZWk/le/ =0 (18)
k/

K =logts +log (R1Hy + R3H3) —log Gs = 0 (19)

K. =logt. +log (R1Hy + RyHsy) —log G = (20)

Consider the goal of deriving the Government Possibility Frontier associated with the pre-
ferred choice of Gs. Derivations for G are symmetric. Total differentiation of the system
of equations in (18) and (19) around its four arguments yields another system of equations,

here presented in matrix form:

dgs 0
Jlgs <]17‘1 JITS ‘]17'(; dg: O
ngs K, Ksry K, dr = 0 (21>
Koo Koo Ko Ken] |55 |0
C

where the unknowns are defined as dgs = dlogGs, dr; = dlog Ry, drs = dlog (1 + 73),

and dr. = dlog (1 4 7¢). The matrix of known coefficients is the Jacobian associated with
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the housing market clearing and balanced budget equations. The system in (21) has three
equations and four unknowns. Since the focus of this analysis is on a marginal change in
school district spending, one can divide every equation by dgs, thus reducing the number of

unknowns by one. The system of equations can then be rewritten as

Jm Jirg  Jin dry /dgs - J1gS
Ksm Ky, K, de/dgs = _ngs (22)
KSr1 KSTS KCTC ch/dgs _KCgs

If the coefficient matrix is nonsingular, the solution to this system yields the desired slopes
of the Government Possibility Frontier. For a voter residing in community a = 1 choosing
their preferred level of school spending, the relevant derivatives are those appearing in the
first-order condition (13), namely dry/dgs, drs/dgs, and dr./dgs. Symmetric derivations for
city government spending yield dry/dge, drs/dge, and dr./dg.. The resulting system of

first-order conditions for a type-k household in area 1 is

Ozk — Bk (% + i% + i%) (23)
s dgs 1+ 75+ 71cdgs 1+ 75+ 70 dgs
& g [ dri 147 dryg 1+7 drg
=/ (d_gc+1+fs+70@+1+rs+%@) (24)

where, by definition, 7 = 75 + 7. Equations (23) and (24) are optimality conditions that
jointly characterize a household’s preferred levels of government spending on school and
city services. This system of two equations in two unknowns, 74 and 7., can be solved to
compute the unique school and city property tax rates preferred by type-£ households in
area 1. Similar arguments are employed to determine the optimal tax rates for all other

groups and locations.

3.3.2 Majority-Rule Voting

The comparison of individual utilities by residents is only the first step in modeling the
process that aggregated individual process into a collectively chosen expenditure-tax mix. A
natural addition involves the consideration of participation in local referenda. As thoroughly

described by Berry (2009), turnout in local elections in the United States is typically low?,

3Drawing on a complete census of school district tax and bond referenda held in California, Ohio, Texas,
and Wisconsin from 2000 to 2015, Kogan, Lavertu and Peskowitz (2018) finds that average turnout does
not exceed 30 percent in any of the four states and falls below 20 percent of the voting-age population in
California and Texas.
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especially when referenda are scheduled not to coincide with general elections in November
(Kogan, Lavertu and Peskowitz 2018). Perhaps unsurprisingly, the few participants are
extremely selected, with turnout disproportionately driven by white, affluent, and elderly
voters (Berry 2024). In addition, special interest groups play a sizable role in driving the
outcome of local consultations (Anzia 2014). Motivated by this evidence, I propose an
economic model of the choice to participate in the referendum. Specifically, I posit that an
individual of type k votes in the referendum held by jurisdiction j if the cost associated
with participating does not exceed a type-specific constant ¢*. This cost is modeled as
an unobserved random variable C* with support over the positive real line. This random
variable is meant to capture the cost of acquiring information about the referendum as
well as the pecuniary and opportunity costs of voting. Thus, the probability of turnout
for households of type k in location a is TF = Fg (Ck), with F denoting the cumulative
distribution function of C*. Moreover, a jurisdiction’s expected turnout is the ratio of the

expected mass of voters and the expected mass of residents in that jurisdiction:

expected mass of resident voters in j

> D N

7} _ (ZE.Aj kel (25>

D3I

aGAj ke

expected mass of residents in j
Clearly, the support of Tj lies in the unit interval. Finally, I define a Bernoulli random
variable W¥ that takes the value one if type-k households’ preferred tax rate is smaller than

or equal to a hypothetical tax rate 7;:

wk (r;) =1 [Tk < Tj} (26)

a

Then, a jurisdiction’s expected mass of households who prefer a lower property tax rate than
Tj is

expected mass of resident voters preferring a lower 7;
7\

3 S NETEWE
S; — aE.Aj kel (27>
N, T

expected mass of resident voters in j
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The definition for S’;F is symmetric. Evidently, the support of both lies in the unit interval.

To determine the property tax rate collectively chosen in each jurisdiction, I assume
residents vote with majority rule. An appealing feature of this model is that, despite the
overlapping structure of local governments, voters implicitly participate to multiple one-
dimensional elections. As a matter of fact, each jurisdiction independently sets its fiscal
policy. Moreover, every household type has an area-jurisdiction-specific preferred tax rate,
Tfa, and this policy variable can be ordered within any jurisdiction. The global strict concav-
ity of the objective function ensures that tax rates further away from a group’s bliss point
are less preferred. Formally, preferences are single-peaked. Single-peaked preferences and
voting on a unidimensional policy variable are the two assumptions required for the median
voter theorem to hold (Black 1948). Thus, the equilibrium tax rate in jurisdiction j is the

median rate among those preferred by its resident voters. Formally, the collectively chosen

rate 7; is such that

ZaeAj D _kek NyTEW e (75) > 05 and ZaeAj D kek NyTY (1 - Wy (Tj))
Daca, ke NETG 2 aed; 2oner NaTy

An analogous argument can be applied to every other jurisdiction in area a to obtain 7,.

>05 (28)

Since both the set of locations A; and the set of household types K are finite, the median
property tax rate 7; need not be unique. As a matter of fact, both inequalities on line (28)
may hold as equalities, implying that two equilibrium rates exist. In this scenario, 7; is

assumed to be the simple average of the two median rates.

3.3.3 The Equilibrium Tax Rate under Myopic Voting

Without further restrictions, it is hard to provide an economic interpretation to the slope
of the Government Possibility Frontier. To develop some intuition on the implications of
overlapping jurisdictions for the expenditure-tax mix and ultimately welfare, it is convenient
to assume that voters are myopic. Myopic voting is a common restriction in models of
voting behavior applied to local jurisdictions (Westhoff 1977, Epple, Filimon and Romer
1984, Calabrese, Epple and Romano 2012). In this context, as clarified by Epple and Romer
(1991), this assumption entails that voters take community boundaries as fixed and ignore
any effect of spending changes on household mobility. This restriction can be viewed as

weakening the rationality requirements that the model attributes to voters, since it reduces
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the set of model variables voters based their choice on. The main practical implication of
this assumption is that, for the purpose of deriving the slope of the Government Possibility
Frontier, any partial derivative of N¥ is set to zero. As a result, in the example of a 2 x 2

metropolitan area, the system in equation (22) simplifies as follows:

147 147¢
Lt 5 5] [dr/dg,

(1+77) Wis 1t 0 dTS/dgs =

Ts

(1 + 77) Vie 0 1o ch/dgs

Tc

(29)

o = O

RoH,

7 denotes location a’s housing expenditure share in jurisdiction j.
E.Aj a’*ta

where ¥,; = s
The resulting components of the Government Possibility Frontier are easily interpretable. To
begin with, the total derivative of the rental rate of housing with respect to school spending

per capita is

drl 1 Tq
—_— == - <0 30
ng 1 + 77 (1 _'_ 7—1 - \IllsTS - \IllcTc) ( )

Under myopic voting, a marginal increase in school spending has an unambiguous negative
effect on the net-of-tax rental rate of housing because the higher tax rate required to finance it
depresses housing demand. Importantly, the magnitude of this effect increases monotonically
with Wy, the housing expenditure share of area a = 1 within the city. This is a core result.
Ceteris paribus, the more a jurisdiction shares tax base with one or more other overlapping
jurisdictions, the larger is the implicit negative effect of a local expenditure change on the net-
of-tax rental rate of housing. In other words, the vertical differentiation of local governments
amplifies the effects of a local spending change. Why is this the case? Because the school
district shares tax base with the city and, for the city budget to remain balanced, a higher
city rate must offset the tax base erosion induced by a fall in ;. As a matter of fact, the

total derivative of the city property tax rate with respect to school spending per capita is

d Uo7
e _ LcTs >0 (31)
dgs T+7 — Wisms — Viete
In addition,
dy Ts WisTs ( Ts )
LA + >0 32
dgs 1+4+7 1+7 \1+7 — V75 — Y1070 (32)

As expected, a marginal increase in school spending induces a higher school property tax

rate. Once again, the steepness of this slope increases with W, area a = 1’s share of housing
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expenditures in the city. To summarize, an increase in school district expenditures results
in a higher property tax rate, not only within the school district itself, but also in the city
that overlaps with it. Such propagation occurs as a result of the net-of-tax housing price
reduction caused by the local school tax hike. In any area within the school district, the
magnitude of this spillover increases with the contribution of that area to the tax revenue
received by overlapping cities. Ultimately, since a change in one jurisdiction’s fiscal policy
affects the tax base shared with other jurisdictions, local residents bear only a fraction of the
cost of funding that policy change. More formally, it is useful to revisit the marginal cost on
the right side of equation (23). The rate at which this marginal cost increases as a function
of 7y is increasing in the share of housing expenditures that the school district shares with

the city, i.e.,

0? (drl l+7  drg 14 7¢ dTC) 50 (33)

010V d_gsjL 1+ 75 + 7 dgs * 1+ 7 + 70 dgs
In economic terms, a larger W, implies that a larger fraction of the marginal cost of increas-
ing school spending is borne by school district residents. In other words, the fiscal externality
that this policy change imposes on households who live within city borders, but outside the
school district, is smaller. As a consequence, for any W in the interior of the unit interval,
and ceteris paribus, school district residents prefer a higher tax rate than they would if the
two jurisdictions were vertically coterminous, i.e., Ui = 1. A symmetric argument applies
to city residents and the first-order condition in equation (24). In equilibrium, this induces
all household types to prefer higher property tax rates.
Replacing the slopes of the Government Possibility Frontier in (30), (31), and (32) into
the first-order condition in (24) yields the following implicit expression for the school property
tax rate preferred by households of type k residing in area a = 1:

as _ ﬁk ( Ts ) (\IflsTs + \IflcTc . 1 ) +5kL (34)
14+71 — Uigrs — V10T 1+7 1+7n 1+7

This first-order condition characterizes the best response for type-k households who reside
in area a = 1 and choose their preferred level of school spending. As a matter of fact, for any
city property tax rate 7., equation (34) returns the utility-maximizing school property tax

rate 75. This best response and its symmetric city counterpart jointly determine the unique
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pair of preferred tax rates (7';“1,7'51). Specifically, for j € {s,c},

. ok (14 1)
! 5k77 - (1 + 77) Zee{s,c} O‘? (1 - \Ijlf)

Appendix A.5.4 shows that each of these tax rates increases with the strength of the prefer-

(35)

ence for government spending af , diminishes with the strength of the preference for housing
space 3%, and declines with the elasticity of housing supply 1. While the first two findings
are intuitive, the third is explained by the observation that a more elastic housing supply
mitigates the responsiveness of the equilibrium rental rate of housing to changes in property
tax rates. As a consequence, a jurisdiction requires a lower rate to increase its expenditure

while still maintaining a balanced budget.

3.4 Definition of Equilibrium

An equilibrium consists of a finite set of jurisdictions indexed by j € J that overlap into
a finite set of areas indexed by a € A; a unit mass of households indexed by i; a partition
of households into observable types indexed by k € K, each with positive mass ¢* and
endowed with positive income y*; a partition of households across areas such that each area
has positive population N,; a set of stochastic location amenities {A,},; a set of stochastic
productivity shocks in the residential construction sector {B,},; a vector of rental rates of
housing {R,}, and property tax rates {7; }j; an allocation of government spending per capita
{G;};; an allocation of housing space {H;}; and numeraire consumption good {X;}; such

that

(1) Households in every area choose housing space and the numeraire consumption good to

maximize their utility subject to a budget constraint. For any a € A,

G;

k j k k < ok

%%{{AajL,gJ %IOgNj_l—ﬁ log H + v logX} st. X+RH(1+71,)<y
j€Ta

where the aggregate property tax rate is

(2) Each household resides in the area that yields the highest indirect utility,

G.
Vie = p" + Zaflogﬁi—5klogRa—5’flog(1+ra)+Am
J

Jj€Ta
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3.5

where p* is a deterministic constant and the stochastic valuation of amenities is param-

eterized as

Ay =al +U, with U, ~TIEV(0,60")

Firms in the construction sector supply housing with a technology that exhibits decreas-

ing returns to scale, so that the supply of housing space is, for any a,

long =A+nlogR, + B,

The housing market clears in every area. For any a,

log H, = log HS = log H® = logZWkle/ —log R, —log (1 + 7,)
k/
Each jurisdiction operates with a balanced budget. For any j,

Gj =T;j Z RaHa

a€A;

Each jurisdiction’s level of government spending per capita is determined according to
majority-rule voting among its residents. For any j, the collectively chosen property tax

rate 7; is such that

ZaeAj > ke N TyWe (1) > 05 and ZaeAj D ker N Ty (1 - Wy (Tj)) > 0.5
Daed, ke NOTE T 2 aca, 2awex NoTy T
where Tfa denotes the tax rate preferred by type-k households in area a to finance

government spending by jurisdiction j € J,.

Welfare

I compute household welfare by exploiting the parametric assumption on the stochastic

component of utility. As in Williams (1977) and Small and Rosen (1981), household type

k’s welfare is

K
k_ ko4 | — Ya
WrF=E |:Iéle§i)l{ {oh + Am}] c+In GEGA exp <9 ) (36)
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where v¥ is the deterministic component of household type k’s utility in area a, the ex-
pectation is taken with respect to the probability distribution of A,,, and ¢ denotes the
Euler-Mascheroni constant. To determine aggregate welfare, I integrate type-specific welfare

over its probability mass function,

W=y oWk (37)

4 Model Solution and Simulation

Let P denote the set of model parameters:

P = {08}, {8 0 40 (o) P oA () 39)

where b, indicates a realization of B,. Furthermore, let ) denote the set of endogenous

variables:

Y= {{NE}, 4G}, (i), ) (39)

Other endogenous variables, such as {R,},, can be recovered once ) is known. Notice that
the cardinality of Y is |A| x |K| + |J| + |J|. For a given set of parameter values P, I solve

the system implied by the following non-redundant equations:

(1) |A| x |K] location-type choice probabilities in (5);

(2) |J| jurisdiction balanced budgets in (11);

(3) |J| jurisdiction property tax rates chosen with majority voting in (28).

Future drafts of this paper will include a proof of existence and uniqueness of the solution
to this system. In the meantime, I experimented with a large number of possible parameter

vectors and initial guesses, always achieving convergence to the same solution.

4.1 Simulation Exercises

In this section, I perform a number of simulation exercises using non-calibrated parameter
values. The primary goal of these simulations is to explore the implications of imperfectly

overlapping governments for the level of public spending, property tax rates, and household
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Table 1: Parameter Values for Model Simulations

Parameter Value
a?, ab 12
a?, ab .06
B, B D
2, AP .32
62,0°
Yy 5

o® 51
ob 49
ai, ay, as, aj 1
a>, ay, a, ab 1
A 1
n 1
by, by, b3, by 1

NoTES: This table reports model parameter values for the simulation exercises described in this section.

welfare. In doing so, I abstract from all other sources of heterogeneity. First, I assume that
household types are endowed with the same level of income and have identical preferences for
public goods. Second, I assume that the valuation of local amenities is homogeneous both
across types and areas. Third, I restrict housing supply parameters to be constant in space.
For simplicity, I leverage the stylized metropolitan area depicted in Figure 3 and assume
that there are only two household types, K = {a,b}. To break election ties, one household
type has a marginally larger mass. However, this choice is irrelevant for the conclusions of
the simulation because preferences and income are homogeneous. Table 1 reports the full
list of parameter values.

The goal of the first set of simulations is to compute and compare equilibrium govern-
ment spending, property tax rates, and welfare in the model with imperfectly overlapping
jurisdictions with a similar model in which each city-school district pair has the same tax
base. This can be achieved in numerous ways, and I focus on three possible scenarios.

First, I consider a setting in which each area is served by a distinct city-school district
pair, implying that eight jurisdictions exist in the metropolitan area as a whole. Second,

I focus on the case in which cities and school districts are coterminous and their coverage
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Table 2: Comparison of Model Output across Jurisdiction Structures

Variable Imperfect Area City Metro
Gy 1.08 .85 .85 .85
Ge .54 43 43 43
Ts .75 A48 A48 A48
Te 38 24 24 24
Ta 1.13 72 72 .72
R, 21 .24 .24 .24
R, (1+71,) 45 A1 A1 A1
R, H, .33 A1 A1 41
T,R.H, .38 .30 .30 .30
W 3.27 3.28 3.28 3.28

NoTES: This table reports the value of selected equilibrium variables from alternative versions of the model.
The “Imperfect” column shows the output of the baseline model with imperfectly overlapping jurisdictions.
The “Area” column reports the output of a model in which each of the four areas is served by a distinct city-
school district pair. The “City” column displays equilibrium variables in a model with perfectly overlapping
cities and school districts that follow city boundaries. The “Metro” column shows the output of a model in
which public good provision is fully centralized.

areas follow city boundaries. Finally, I consider a version of the model in which public good
provision is centralized and the metropolitan area is served by one city and one school district
that span its entire territory. Table 2 reports the output of these simulations.

As predicted by the theory, both government spending per capita and tax rates are higher
in the model with imperfectly overlapping jurisdictions. Moreover, the net-of-tax rental rate
of housing is lower, but accounting for property taxation yields a higher full price of housing.
Analogously, the value of the tax base is lower than it would be with perfectly overlapping
jurisdictions, but tax revenues are higher. Overall, the effect on aggregate household welfare
is negative. Noticeably, the output of the model with perfectly overlapping governments
is independent of jurisdiction size. This is explained by the fact that the marginal cost of
producing government services is constant — in fact, equal to 1 — and thus the technology in
the government sector exhibits constant returns to scale.

The role of economies of scale for the purpose of determining the optimal size of ju-
risdictions has a long tradition in this literature (Oates 1972 for a comprehensive discus-
sion). Moreover, school district consolidations and municipal annexations occur frequently

in present times and are relevant for policy. In the second set of simulations, I introduce
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Figure 4: Fixed Costs and Aggregate Welfare
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NortEes: This figure displays aggregate welfare against the fixed cost f;, which is assumed to be homogeneous
across jurisdictions. Each of the four lines corresponds to a structure of local governments. “Imperfect” refers
to a model with imperfectly overlapping jurisdictions. The other three lines correspond to versions of the
model in which jurisdictions overlap perfectly and coincide with areas, cities, or the entire metropolitan area.

increasing returns to scale in the government sector. Specifically, I model the average cost
of delivering public goods as

5L G

c(f; Gy Nj) = 57+ &7 (40)

where f; is a deterministic constant that measures fixed costs. If f; = 0, then ¢ (f;, G, N;)
reduces to G; and the baseline version of the model is restored. In the presence of fixed

costs, a jurisdiction’s balanced budget equation becomes
c(f;, G, N;) N = 7R H; (41)

I solve the model for each element of a grid of values of f ranging from 0 to 0.03 and for
each local government structure described earlier in this section. Figure 4 plots aggregate
welfare against the fixed cost. As expected, jurisdiction size matters for aggregate welfare
when local governments’ production function exhibits increasing returns to scale. Specif-

ically, if f = 0, welfare in the model with imperfectly overlapping jurisdictions is lower.
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However, as fixed costs increase, the gains from centralization become larger and eventually
the imperfectly overlapping structure produces higher welfare than both the fully decentral-
ized equilibrium and the equilibrium with jurisdictions that coincide with cities. Ultimately,

which structure maximizes household welfare is an empirical question.

5 Identification of Structural Parameters

In this section, I illustrate how to quantify the spatial equilibrium model leveraging a re-
gression discontinuity designs based on referenda in which local governments seek to raise

property tax rates and increase expenditure.

5.1 Background

School districts and special purpose jurisdictions fund a significant portion of their operations
with revenue from property taxes. For school districts, property taxes account for more than
80 percent of their receipts from local sources (U.S. Department of Education, National
Center for Education Statistics 2023). However, state constitutions typically impose caps
on tax rates, annual growth in tax revenue, or annual growth in assessed property values,
thereby constraining the extent to which school districts and other local governments can
tax their base (Lincoln Institute of Land Policy and George Washington Institute of Public
Policy 2025). In several states, local jurisdictions can bypass these constraints if a majority
of voters approves a spending initiative in a local referendum. These ballot initiatives are
often intended to fund large capital expenditures, such as school construction or renovation
projects (Fischer, Duncombe and Syverson 2023). If a referendum is approved, a local
government will typically issue general obligation bonds and repay the principal and interest
over a predetermined number of years using extra property tax revenue.

Starting from the seminal contribution of Cellini, Ferreira and Rothstein (2010), empiri-
cal public finance and education economists have leveraged school bond referenda to estimate
the effects of increased school expenditures on housing prices, student test scores, and other
educational outcomes. In general, establishing a causal relationship between local govern-
ment expenditures and educational and real estate outcomes is challenging. As a matter of

fact, whether a jurisdiction sets a higher or lower tax rate is likely systematically related to
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the unobserved determinants of educational outcomes, for example because households who
value educational investments are more likely to both sort into a well-funded school district
(Poterba 1997) and assist their children academically (Guryan, Hurst and Kearney 2008).
Analogously, heterogeneity in property tax rates is likely systematically related to unob-
served heterogeneity in features of the housing market, for instance because better natural
amenities both drive housing prices upwards and make it easier for local governments to levy
higher tax rates via fiscal extraction (Brueckner and Neumark 2014, Diamond 2017). The
fact that property tax rates are a (collective) choice variable and this choice may be affected
by unobserved determinants of the outcomes invalidates the causal interpretation of simple
comparisons of conditional means. Regression discontinuity designs that exploit expenditure
referenda overcome these identification challenges by comparing conditional outcome means
in jurisdictions that narrowly approved or rejected a local ballot initiative.

In this paper, I focus on the effect of referendum approval on the model’s endogenous
variables: household counts, housing prices, housing units, and aggregate government ex-
penditures. Given the complex vertically differentiated structure of local governments that
characterizes most U.S. metropolitan areas, I aggregate jurisdictions into two main groups,
namely school districts and all other special-purpose jurisdictions combined. With regard to
school districts, the setting is the state of Wisconsin, where referenda are routinely held to
authorize both operational and capital expenditures (Baron 2022). With regard to all other

local jurisdictions, I exploit referenda held in the state of Washington.

5.2 Identification of Average Effects at the Cutoff

Hereafter, I provide a formal identification argument for the average effects of referendum
approval on model outcomes. For simplicity, I focus on housing prices R;, but identical
arguments apply to household masses, property tax rates, housing units, and government
expenditure.

Let R; and S; denote, respectively, the housing price and the approval vote share margin
in school district j. Each referendum proposes a deterministic and binding expenditure
increase AG; > 0, which is known to residents prior to voting. Define the approval indicator
as D; = 1[S; > 0], where D; = 1 if the referendum is approved. Initially, I adopt a potential

outcomes model in which R;(d) denotes the potential housing price in district j under
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treatment status d € {0, 1}.
The primary target parameter is the average treatment effect of referendum approval on

log housing prices at the threshold:
ATE (0) = E [log R; (1) — log R; (0) |S; = 0] (42)

This parameter is nonparametrically point identified under a standard continuity assumption

(Hahn, Todd and Van der Klaauw 2001).

Assumption 1 (Continuity at the Cutoff) For each d € {0,1}, the function s
E [log R; (d) |S; = s] is continuous at s = 0.

Under Assumption 1, ATE (0) is identified via the sharp regression discontinuity estimand
0(0) = h&)lE log R;|S; = s| — li%lE log R;|S; = 5] (43)

However, 6 (0) is difficult to interpret when proposed expenditure changes AG; vary
across referenda. A binary treatment may obscure meaningful variation in the intensity of
the underlying policy intervention. To recover a more interpretable, elasticity-like parameter,
I normalize the sharp RD estimand by the average realized change in expenditures at the
cutoff. Specifically, I consider the variable D; x Alog G, which equals the proposed change
in log spending for approved referenda and is zero otherwise. Since AG) is known to voters
prior to the election and is binding upon approval, the resulting first stage is deterministic.
The corresponding estimand takes the form of a fuzzy regression discontinuity estimand with
a known first-stage shift:

QG (0) _ limsioE [log Rj|Sj = S] — thTO E []og Rj|Sj — S]
= limg o E[D; x AlogG,|S; = 3]

(44)

where the lower-limit expectation in the denominator is omitted, as it equals zero by con-
struction. To interpret this parameter, I redefine potential outcomes as functions of the
realized change in spending, writing R; (d x AG;) for d € {0,1}. I now adapt the continuity

assumption to this setting.

Assumption 2 (Continuity at the Cutoff) For each d € {0,1}, the functions s
E [log R; (d x AG;)|S; = s| and s — E[Alog G;|S; = s] are continuous at s = 0.
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Under Assumption 2, the estimand 0% (0) identifies a weighted average of housing price arc
elasticities with respect to proposed changes in school expenditures among jurisdictions at

the approval threshold:

_ log R; (AG;) —log R; (0) |, _
WAVE (0) = E |w; x Alog G, S;=0 (45)
where weights are defined as
Al ;
0g Gj (46)

“I = E[AlogG,|S; = 0]

ensuring they integrate to one at the cutoff. This result is proved in Appendix ?77.

For estimation, I implement local polynomial regression. Given a random sample {[S 5, R, AG j]/}?zl
and a bandwidth h, > 0, let S (h,) = [~hn, hy] be a discontinuity window implied by re-
alizations of the running variable around the zero cutoff. Moreover, let S~ (h,,) = [—hy, 0)
and ST (h,) = [0, h,] indicate, respectively, the left and right discontinuity half-windows.
For any outcome A, I estimate intercepts via local linear regression:

’ n
B0 () S (ha)| = arg min STL[S; € S* (k)] (log 45— by — brS;)” ki, (55)

bo,b1 ER
0,01 —

n

A (ha) ) ()| = arg min STT[S; € S (ha)] (log 4; — by — brS))” b, (5))

bo,b1 ER
0,01 j:1

where ky, (S;) = (1 —15;|/hy) /hn is the triangular kernel. Assuming standard regular-
ity conditions hold (see Assumptions 1 and 2 in Calonico, Cattaneo and Titiunik 2014), I
estimate WAVE (0) with

7 (0) < Pk (n) =y ()
st (n)

(47)

I compute 8¢ (0) in the window whose width minimizes the estimator’s mean squared error
(Imbens and Kalyanaraman 2012). In addition, I construct nonparametric confidence in-
tervals around the bias-corrected point estimates using the method developed by Calonico,
Cattaneo and Titiunik (2014). Finally, I compute standard errors using the nearest-neighbor

variance estimator developed in that paper, with the default tuning parameter j* = 3.
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5.3 Microfoundation of the RDD Approval Vote Share Margin

In this section, I link the reduced-form average partial effects at the cutoff using the model
structure. By doing so, I derive a system of equations that allows me to infer the structural
parameters of the model.

As described in the previous section, referenda held by local governments seek to autho-
rize an extra spending amount AG;. I now embed this quantity in the model to derive a
microfoundation for the running variable in the regression discontinuity design.

I maintain the assumption that the unobserved cost of participating in the referendum
varies across households and locations. However, I characterize the choice to vote or not in
terms of both cost and benefit. Specifically, I model the benefit as the magnitude of the
potential anticipated effect of the change in government spending on household utility. Intu-
itively, if AG; is a “high-stakes event” for a household, then ceteris paribus that household
is more likely to turn out. Formally, the benefit is defined as |v¥ (AG;) — v¥ (0) |. Thus, the

probability of voting among type-k£ households in jurisdiction j becomes
T (AG) = Fe (|uf (AG) — % (0)]) (43

where Fo denotes the cumulative distribution function of the unobserved cost. As in the
general case, a jurisdiction’s expected turnout is defined as the ratio of the expected mass
of voters and the expected mass of residents in that jurisdiction:

expected mass of resident voters in j
7\

> NITHAG)
T; (AG)) = == (49)

>N

kek

expected mass of residents in j

Clearly, the support of 7} lies in the unit interval. Finally, the Bernoulli random variable
taking the value one if type-k households approve the proposed government spending change
in jurisdiction j is W} (AG;) =1 [vf (AG;) > vF (0)]. As in the general case, a jurisdiction’s

expected approval vote share is defined as the ratio of the expected mass of voters who
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approve the referendum and the expected mass of voters in that jurisdiction:

expected mass of resident voters approving in j
7\

Z NITF(AG;) WF(AG))
S; (AG;) = k£ (50)
> NIT} (AG))
lfelc

Vv
expected mass of resident voters in j

Evidently, the support of S; lies in the unit interval too.

5.4 Household Preferences and Elasticity of Housing Supply
The spatial equilibrium model features the following endogenous variables:

(a) |A| x |[K| population masses {Nf}%k

(b) |A[ rental rates of housing {R,};

(c) |A| quantities of housing space {H,}

(d) [T levels of education spending {G;}, and |J| property tax rates {7;},

The approval of a referendum induces a change in local public spending by a known
amount AG;. I seek to characterize the equilibrium response of each endogenous variable
in the model to this policy shock. To this end, I compute arc elasticities that summarize
the proportional response of outcomes to proportional changes in expenditures. For any
endogenous variable Z, in location ¢ € A, let Z, (0) denote the potential outcome under the
status quo (i.e., absent referendum approval), and let Z, (AG,) denote the potential outcome
under the approved expenditure change. The arc elasticity of Z, with respect to education

spending is defined as

log Z, (AG;) — log Z, (0)
A log Gj

By, (AG)) = (51)

While this elasticity captures the causal response of an individual outcome to the spending
shock, the structure of the model allows me to go further. Rather than analyzing each
outcome in isolation, the spatial equilibrium imposes a system of interdependent equations
that jointly determine how all endogenous variables adjust to the shock. This structure

provides a formal basis for linking elasticities across outcomes. Specifically, consider the
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following nonredundant equations that govern the behavior of the endogenous variables in

equilibrium.

(a) The mass of type-k households sorting into location ¢ € A:

exp (véC /0F )
D jreg €XP (v} /0%)

with vf = p* +le +2 e, ok log% — B¥log Ry — B log (1 + 7).

N} =o*

(b) The equilibrium rental rate of housing in area ¢ € J:
1
1ogRg:510gZN£———— (53)
Equivalently, the equilibrium quantity of housing space in location ¢ € J:

log Hy = X\ +nlog R, + By (54)

(c) The balanced budget run by jurisdiction j € J:

Gj = TgRjHj (55)

For each of these equilibrium conditions, I compute arc elasticities and use them to derive a
system of equations characterizing the response of the spatial equilibrium to the expenditure
change Alog G;. For example, the housing supply equation (54) implies

AlogHg_ AlogRg
Alog G, _nAlong

(56)

This relationship reflects the fact that a change in education spending affects housing demand
through household mobility, while the supply of housing remains directly unaffected. The
resulting shift in demand leads to price adjustments that can be used to infer the supply
elasticity n. Figure 5 illustrates the equilibrium in location j’s housing market under both
referendum rejection and approval, showing how differences in potential outcomes map into
the structural parameter of interest.

Although the arc elasticities in equation (56) are not observable, Section 5.2 establishes
that they are point identified in expectation using a regression discontinuity design centered

at the approval threshold. Specifically, taking expectations of both sides of equation (56)
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conditional on S; = 0* and integrating over the joint probability distribution of unobservables
(ie., A; and B;), I obtain

Alog Hy
Alog G,

Alog Ry
— 0| = E|=——2*
& 0} " {Alog G

S; = o] (57)

Since both conditional expectations are identified, equation (57) can be used to recover
the structural parameter 7. Analogous expressions derived from the remaining equilibrium

conditions are provided in Appendix B.

Figure 5: Equilibria in the Local Housing Market

lOgH](d X AG]) N

log H;(AG;)
n x Alog R,

log H;(0)

log R;(d x AG;)

NoTEs: This figure illustrates two equilibria in location j’s housing market. The horizontal axis measures
the logarithm of potential rental rates and the vertical axis measures the logarithm of potential housing
space. Point 0 corresponds to the equilibrium under referendum rejection, with untreated potential outcomes
log R;(0) and log H;(0) observed. Point 1 corresponds to the equilibrium under referendum approval, which
increases housing demand and leads to the treated potential outcomes log R;(AG;) and log H;(AG;) being
observed. The slope of the chord connecting points 0 and 1, i.e., the ratio Alog H;/Alog R;, equals the
elasticity of housing supply 7.

Applying this strategy across all equilibrium relationships yields a system of equations

that enables identification of the full set of structural parameters:

(a) 2|K| preference parameters for education and other local governments’ spending {a¥ /6% } .

4With a slight abuse of notation, I redefine S; to denote the approval vote share margin, i.e., S; —0.5.
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(b) |K| preference parameters for the numeraire consumption good {v*/6*}
(c) One elasticity of housing supply 7.

These parameters are identified as long as their number does not exceed the number of
equations, i.e. |A| (K| + 2) > 3|K|+1. In practice, the number of locations will typically be

large relative to the assumed number of household types, thus leading to overidentification.

6 Data

In this section, I describe the data sources that I use to estimate the model’s parameters.

6.1 Spatial Partitioning and Household Heterogeneity

Wisconsin and Washington comprise 57 Core-Based Statistical Areas (CBSAs), of which 28
are Metropolitan Statistical Areas (MSAs) and 23 are Micropolitan Statistical Areas (uSAs).
I consider each of these CBSAs as a region in my spatial equilibrium model, meaning that
each CBSA is partitioned into several overlapping jurisdictions and households choose where
to live within said CBSA or opt for the outside option, which I model as the combined
areas of each state located outside CBSAs®. Since CBSAs vary significantly in terms of
population, I do not normalize their population to a unit mass and instead, for any household
type k, interpret o* and NF as population counts, rather than expected masses. CBSAs
naturally vary in their number of local governments [J°, while I set K = 4 across the board.
Specifically, I consider households whose income is above or below the Wisconsin median,
further distinguished based on whether they have zero or a positive number of children aged
less than 18 years old. Since I focus on location choice based on expenditures by school
districts and other local governments, I wish to differentiate families by their willingness
to pay for local public services (a/¥" in the model), and presence of children jointly with

income are two likely salient factors for this parameter.

®According to the 2019-2023 American Community Survey, 13.4 percent of families live outside Core-
Based Statistical Areas.

SFor the purpose of estimating the effect of referendum approval in jurisdictions other than the one
holding the referendum, I aggregate those local governments into an “outer” jurisdiction. Clearly, the
definition of this outside area varies depending on the jurisdiction holding the referendum.
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6.2 Property Tax Rates

I construct a comprehensive, nationwide georeferenced dataset encompassing all local gov-
ernment entities — counties, municipalities, school districts, and special purpose districts —
and their property tax rates from the early 2000s to 2022. To my knowledge, this is the most
geographically granular dataset on U.S. local governments and property tax rates available
to date.

The determination of property tax rates is a highly decentralized process. Indeed, each
local government maintains its own independent budget and sets its desired level of expen-
ditures on an annual basis. County governments are then responsible for regularly assessing
property values” and formally computing each jurisdiction’s tax rate, i.e., the ratio of its
projected expenditures and the aggregate assessed value of residential property within its
boundaries. A standard property tax bill lists all of the jurisdictions to which a land parcel is
subject to, and the unique combination of local governments overlapping in a given location
is referred to as “Tax Code Area” or “Tax Rate Area”.

States’ departments of revenue, finance, or local affairs typically gather county-level data
on property assessed values and jurisdiction tax rates. In addition, these departments often
compile annual reports containing varying degrees of information on local finances. Whenever
possible, I collected or requested state-level data on jurisdiction- and or area-level property
tax rates. If a state did not make granular data available for the public, I gathered similar

data county by county®. Appendix D reports the complete list of data sources for each state.

6.3 Local Government Boundaries

The U.S. Census Bureau TIGER/Line dataset includes annual shapefiles for the most impor-
tant legal boundaries in the country, including those of counties, municipalities, townships,
and school districts. For each state and year between 2008 and 2022, the TIGER/Line shape-
files corresponding to local taxing jurisdictions were downloaded and intersected in order to
produce “tax code areas” implied by unique combinations of general purpose governments
and school districts. Because the TIGER/Line dataset does not encompass special purpose

districts, additional shapefiles were retrieved from a broad range of state GIS repositories,

“In most, but not all, states, residential property is appraised annually.
81 collected data county by county in Arizona, California, Kansas, and Washington.
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maps, county-level descriptions, and even municipal codes containing detailed descriptions
of the boundaries of special purpose jurisdictions. Finally, in the states of Florida and Texas,
boundaries were constructed with a bottom-up approach. Specifically, county assessors (in
Florida) and county appraisal districts (in Texas) make parcel-level shapefiles available for
download on their websites. Parcels are uniquely identified by a code that can be linked to
annual appraisal rolls. By so doing, each parcel in a county is linked to the set of jurisdic-
tions that overlap in that area. Special purpose district boundaries can then be obtained
by dissolving parcels spanned by common sets of jurisdictions. Overall, the final shapefiles
cover fifty states and the District of Columbia and consist of approximately 187 thousand

tax areas with nonzero population.

6.4 Referenda

The Wisconsin Department of Public Instruction collects and publishes comprehensive data
on all school district referenda held in the state since 1990 (Wisconsin Department of Public
Instruction 2025). This dataset includes, among other variables, information on the approval
vote share, which I use as the running variable in the RDD. As for referenda held by special
purpose jurisdictions in the state of Washington, the Municipal Research and Services Center
(Municipal Research and Services Center 2025) collects data on all local ballot initiatives
since 2011. Whenever possible, I supplement this dataset with county-level data on similar
referenda that took place prior to 2011.

The combined sample includes 3,528 referenda, of which 58.8 percent were approved.
The average approval vote share margin is 2.22 percentage points, with an average of 10.5
percentage points among approved referenda and —9.59 percentage points among those that
were rejected. Figure 6 displays a histogram of the approval vote share margin. To assess
the validity of the design, I test for discontinuities in the density of the running variable at
the cutoff using the local polynomial density estimators developed by Cattaneo, Jansson and
Ma (2020). The null hypothesis of equal densities on either side of the cutoff is not rejected
(p-value = 0.82), suggesting that manipulation of the running variable around the threshold

is unlikely to be a concern in this setting.

33



Figure 6: Density of the Approval Vote Share Margin
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NotEes: This figure displays a histogram of the approval vote share margin, defined as the difference between
the share of votes in favor of the proposed expenditure measure and the 50 percent approval threshold.

6.5 Housing Prices

To construct the housing price outcome, I follow an approach similar to that of Biasi, Lafor-
tune and Schonholzer (2025) and Ruggieri (2025). Specifically, I rely on a repeat-sales house
price index developed by Contat and Larson (2024), which covers all Census tracts located
within Core-Based Statistical Areas® in the United States from 1989 to 2021. The index is
normalized to 100 in 1989 for all tracts, allowing for within-tract temporal comparisons but
not cross-sectional ones. To allow for level comparisons across school districts, I incorporate
data on the average value of owner-occupied single-family homes at the Census tract level, as
reported in the U.S. Census Bureau’s 2000 Decennial Census'’. For each tract, I compute a
calibration factor as the ratio of the 2000 Census home value to the 2000 value of the house
price index from Contat and Larson (2024), and apply this factor to the full time series
of the index. The resulting measure of housing prices allows for both cross-sectional and
intertemporal comparisons. Next, I compute the centroid of each Census tract and assign

it to the corresponding elementary, secondary, or unified school district based on the 2010

9The term “Core-Based Statistical Area” refers collectively to both Metropolitan Statistical Areas and
Micropolitan Statistical Areas (U.S. Census Bureau 2025a).
0The collection of this variable was discontinued beginning with the 2010 Decennial Census.
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TIGER/Line shapefiles provided by the U.S. Census Bureau'! (U.S. Census Bureau 20255).
Finally, for each district, I calculate a population-weighted average of housing prices across

its constituent Census tracts'?. This yields the outcome variable used in the RDD.

6.6 Population Counts

I complement housing price data with household-type-specific population counts from the
2000 Decennial Census and the five-year American Community Surveys (ACSs) ranging from
2005-2009 to 2019-2023. Because family counts based on presence of dependent children and
income are not available prior to the 2000 Decennial Census, these outcomes cannot be
measured exactly five years after each referendum, as I instead can do for housing prices.
I then adopt the following solution. For referenda that occurred between 1990 and 1995,
population count outcomes are measured in the 2000 Decennial Census. For referenda that
occurred between 1996 and 2000, population count outcomes are measured in the 2005-2009
ACS. Starting from 2001, referenda are linked to the five-year American Community Survey
that begins exactly five years later. That is, I use the 2006-2010 ACS for referenda in 2001,
the 2007-2011 ACS for referenda in 2002, and so on until referenda that took place in 2014,
for which I use the last currently available, 2019-2023 ACS.

6.7 Other Local Government Finances

I also collect data on school district finances provided by the Wisconsin Department of
Public Instruction. Specifically, I draw each district’s revenue from all sources and property
tax revenue. I use the revenue from all sources, including grants from the federal and state
governments, to measure G; in the model, effectively imposing that jurisdictions balance their
budget. In doing so, I assume that intergovernmental transfers are fixed for each jurisdiction

3

and are not adjusted in response to changes in property tax rates!®. This choice does not

T use 2010 tract and school district boundaries because the house price index constructed by Contat
and Larson (2024) is based on 2010 Census tracts.

12 Although I compute population-weighted averages, this choice is not consequential, as Census tracts
are designed to contain approximately 4,000 inhabitants (U.S. Census Bureau 2025a).

13In Wisconsin, the primary source of state aid to school districts is the State Equalization Aid program.
This program allocates funds through a three-tier formula under which the share of a district’s costs covered
by state aid declines as the district’s property tax base per pupil increases. As a result, when a school district
approves a referendum to raise expenditures, its state aid is mechanically reduced, though by less than one
dollar for each additional dollar of authorized spending. In addition, this offset does not apply to referenda
authorizing the issuance of general obligation bonds to finance capital expenditures, which often involve the

35



invalidate my identification strategy because changes in school expenditure authorized by
referenda are repaid entirely with revenue from property taxes. Thus, school district j’s

balanced budget condition can be re-expressed as
Gj :TjRjHj+Ij (58>

where [; denotes grants issues by the federal and state governments. Finally, I use the
property tax rate to infer the average aggregate consumption of housing H; by dividing each
district’s property tax revenue by the average property tax liability, namely the product of the
average housing price R; by 7;. For all other special purpose jurisdictions, I follow analogous

steps using quinquennial data from the 1992-2017 editions of the Census of Governments.

7 Results
7.1 Reduced-Form Estimates

I estimate the effect of local government expenditure authorization on housing prices, house-
hold counts, property tax rates, and aggregate government expenditures, all measured five
years after each referendum. Because of the temporal lag between treatment assignment
and outcome measurement, additional referenda may occur during the intervening period.
The difficulty of identifying interpretable causal parameters in settings where jurisdictions
are subject to repeated treatment assignments over time was first highlighted by Cellini,
Ferreira and Rothstein (2010) and has since become an important concern in empirical local
public finance. A growing body of research in applied econometrics has developed identifi-
cation strategies tailored to such environments, commonly referred to as dynamic regression
discontinuity designs (Cellini, Ferreira and Rothstein 2010, Hsu and Shen 2024, Ruggieri
2025). In the current version of this paper, I do not adopt these dynamic RD approaches.
Consequently, I interpret the estimand as an intent-to-treat effect generated by the discon-

tinuity in the referendum approval margin.

largest proposed increases in spending. Approximately 75 percent of capital outlays are financed by school
districts using local revenue (Filardo 2016), and the distribution of these expenditures varies substantially
within the state (Biasi 2023; Biasi, Lafortune and Schonholzer 2025).
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Figure 7: Binned Outcome Means by Approval Vote Share Margin
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NoTes: This figure displays nonparametric estimates of several outcomes at the local jurisdiction level,
binned by the approval vote share margin. Fitted values are obtained from global quadratic regressions
estimated separately on each side of the cutoff. The number and spacing of bins are selected using spacing
estimators, following the data-driven procedure proposed by Calonico, Cattaneo and Titiunik (2015). The
approval vote share margin is defined as the difference between the share of votes in favor of the proposed
expenditure measure and the 50 percent approval threshold. Outcomes are measured five years after each
referendum.

I begin by describing the empirical distribution of four main outcome variables at the
school district level, conditional on the approval vote margin. Figure 7 displays nonpara-
metric estimates of housing prices, property tax rates, and two household counts within bins
implied by the running variable. For housing prices and family counts, the figure reveals
a concave relationship: districts with referenda that are either overwhelmingly approved or
rejected tend to exhibit lower average housing prices and a smaller number of households
relative to those near the cutoff. To the right of the threshold, average housing prices are
modestly higher, consistent with the positive capitalization of marginally approved expendi-

ture authorizations into property values. Similarly, the number of families with children and
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income above the median slightly increases, while the number of families with children and
income below the median follows a symmetric pattern. Finally, as expected, the property

tax rate is higher as a consequence of referendum approval.

Table 3: Estimated Effects of Referendum Approval

Outcome  Group Estimate

N ]_1 With Children, Below Median Income —0.090
(0.019)

N j2 With Children, Above Median Income 0.027
(0.013)

N j3 Without Children, Below Median Income 0.000
(0.143)

N} Without Children, Above Median Income 0.014
(0.016)

R; 0.013
(0.006)

1+ 0.007
(0.004)

NoTESs: This table reports local linear estimates of the average effect of approving local government expen-
diture referenda on several outcomes. Each row presents the bias-corrected estimate of ATE(0), the average
treatment effect at the cutoff, with the estimand given in equation (43). Estimation adjusts for jurisdiction
and year indicators, and relies on a triangular kernel, with bandwidths selected to minimize the mean squared
error of the estimator (Imbens and Kalyanaraman 2012), following the procedure developed by Calonico,
Cattaneo and Titiunik (2014). Standard errors are computed using the nearest-neighbor variance estimator
proposed by Calonico, Cattaneo and Titiunik (2014), with the default tuning parameter j* = 3.

I then turn to formally estimating the effect of referendum approval on the model’s en-
dogenous variables. Table 3 reports local linear estimates of the average treatment effect at
the cutoff. Consistent with the analysis in the previous paragraph, marginal approval in-
creases housing prices by an estimated 1.3 percent over a five-year horizon and the property
tax rate by approximately 0.7 percent. In addition, these changes in government spending af-
fect household sorting across jurisdictions. The number of families with children and income
below the median decreases significantly, while the number of families with children and

income above the median increases. The mobility patterns of households without children
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appear less affected, with the estimated effects being small and not precisely estimated.
Overall, the results indicate that marginally approved referenda lead to a positive capital-
ization of school expenditure authorizations into local housing prices, consistent with prior
evidence from Cellini, Ferreira and Rothstein (2010) and Biasi, Lafortune and Schénholzer
(2025). This effect appears to be driven by the mobility of higher-income households with

children into jurisdictions that authorized extra government expenditures.

7.2 Structural Parameters

In this section, I use the reduced-form estimates from the previous section to estimate the
structural parameters entering the household choice probabilities and housing supply.

I begin by revisiting the indirect utility function V;; and applying two standard normal-
izations. First, I divide all terms in the utility function by the strictly positive parameter 7*.
This transformation allows me to express the preference parameter a? /¥* as the marginal
utility of local government expenditure in units of income rather than in utils, thereby facil-
itating interpretation. With a slight abuse of notation, I denote the rescaled indirect utility

of household 7 in district j as

A @kf
j + Z ’Y—; lOg Gj + lOg [yk - Rj (1 + Tj)] + Uij (59)

Vij=—
j€Ta

y

where the idiosyncratic component U;; follows a Type-I Extreme Value distribution with
scale parameter 0% /4*. Second, I impose the normalization 6% /y* = 1, which, while affecting
the scale of utility, does not alter the choice probabilities. Since my analysis does not
involve computing welfare measures expressed in utils, this normalization is without loss of
generality.

I am now ready to estimate the structural parameters {aé‘? / 7’“};1 by leveraging the sys-
tem of equations implied by household choice probabilities. As detailed in equations (B.248)
and (B.249), this step involves, for each household type, the estimation of 18 regression dis-
continuity coefficients, each of which identifies the WAVE (0) of a distinct outcome variable
with respect to school expenditures, i.e., a weighted average of arc elasticities with respect
to the underlying policy variable. I adopt a similar approach to estimate the elasticity of
housing supply 7, which, as discussed in Section 5.4, can be recovered from just two RDD

estimates.
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For statistical inference, I compute analytical standard errors using the delta method,
which requires estimates of the pairwise covariances among the RDD coefficients (see Ap-
pendix C). To obtain these covariances, I extract each outcome’s sample based on its own
MSE-optimal bandwidth and stack them in pairs. For each pair, I estimate a model in which
the local linear instrumental variables specifications are fully interacted with sample indica-
tors, and I cluster heteroskedasticity-robust standard errors by referendum identifier. This
procedure yields estimates of the covariance between the two coefficients associated with
D; x Alog Gj. Once the full variance-covariance matrix of RDD parameters is constructed,
I apply Ledoit-Wolf shrinkage to its correlation matrix (Ledoit and Wolf 2004) in order to

regularize the estimates (A* & 0.027) and improve the stability of subsequent inference.

Table 4: Estimates of {a?/yk}izl and n

Estimate

Parameter Group School Other
al /4! With Children, Below Median Income 0.693 0.217
(0.183) (0.083)
a?/~? With Children, Above Median Income 0.868 0.245
(0.214) (0.094)
a3 /3 Without Children, Below Median Income 0.709 0.302
(0.218) (0.097)
ot/ Without Children, Above Median Income 0.830 0.322
(0.204) (0.106)

0 0.439

(0.096)

NoTES: This table presents estimates of {a? / 'yk}iz 1 which measure each household group’s marginal will-
ingness to pay for public education expenditure and other local government services in units of income, and
7, the elasticity of housing supply. Point estimates are obtained by solving the systems of equations implied
by household choice probabilities (52) and the housing supply equation (54), using regression discontinuity
(RDD) estimates as inputs. Standard errors are computed via the delta method.

Table 4 reports the estimated structural parameters. Across the four household groups,
the marginal willingness to pay for K-12 education expenditures—captured by «/y—is below

one. Although the standard errors of pairwise differences are not small enough to support
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formal statistical comparisons, the point estimates display meaningful heterogeneity. In
particular, /7 is highest among households with children under the age of 18 and income
above the median, and lowest among households with children and income below the median.
This pattern is consistent with the findings of Biasi, Lafortune and Schénholzer (2025), which
shows that the approval of school expenditure referenda affects the composition of the student
body, reducing the share of Hispanic students, increasing the share of Asian students, and
decreasing the proportion of pupils eligible for free or reduced-price lunch (FRPL). Taken
together, this evidence suggests that household sorting across school districts is a salient
margin of adjustment in response to changes in local public spending.

With regard to local government services other than education, the marginal willingness
to pay is significantly lower. As for education-related parameters, standard errors do not
allow for formal statistical comparisons. However, the estimates suggest that families without
children value these local public goods more than families with children. Since the former
group includes elderly residents, the evidence reported in Table 4 is consistent with the notion
that this household type has a higher valuation for local public goods including hospital and
emergency medical services, as well as parks and recreation and fire protection.

Finally, my estimate of the elasticity of housing supply is 0.44, a value I consider plausible
given my focus on relatively urbanized areas.

Having completed the estimation of the parameters identified solely through RDD coef-
ficients, I proceed to estimate the location-type-specific intercepts {Xa / ’Vk}a,k for all school
districts located within CBSAs in Wisconsin. For each CBSA, I solve the system of equa-
tions that set the model-implied conditional population shares N*/o* equal to their observed
counterparts in the year prior to each referendum. I follow an analogous procedure to esti-
mate the location-specific productivity terms {B,}, in the construction sector, along with
the common intercept X\. To achieve point identification, I impose the normalization that

the mean of B, across locations is zero.

8 Counterfactual Exercise

Having estimated the parameters governing the spatial equilibrium model, I conduct a coun-

terfactual exercise that alters the institutional structure of local governments in the United
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States. For each Micropolitan and Metropolitan Statistical Area (uSA and MSA), I elim-
inate vertical overlap by replacing the existing multi-layered system with a single layer of
jurisdictions. These new jurisdictions are defined by current municipal boundaries and are
assumed to provide a bundle of local public goods, including those currently delivered by
special-purpose districts.

Using the estimated parameters and model structure, I solve for the new spatial equi-
librium under this institutional configuration. Specifically, I compute the allocations of
household masses {Nf}a, housing prices {R,},, property tax rates {r,},, and government
expenditures {G,}, that jointly satisfy the housing market clearing condition, the balanced
budget constraint, and the system of household location choices. In each jurisdiction, the
property tax rate continues to be determined by majority voting: the chosen rate is one that
at least half of local residents prefer to any alternative.

I then compute ex-ante welfare for each household type using equation (36) and aggregate
across types to obtain a measure of average welfare in each statistical area. Preliminary
results indicate that, on average, this institutional reform would increase household welfare
by approximately 0.8 percent nationwide. This gain is primarily driven by reductions in
local government spending and lower gross-of-tax housing prices.

Future drafts of the paper will explore the heterogeneity in welfare effects across different
regions, identifying which areas are most likely to benefit—or potentially lose—from a shift

to horizontally differentiated, general-purpose local governments.

9 Conclusion

In the United States, local governments are both horizontally and vertically differentiated.
As a matter of fact, every location is typically served by multiple overlapping jurisdictions
that specialize in the provision of one or more local public goods. This paper has proposed a
spatial theory of local governments that overlap and thus share tax base. In the model, each
jurisdiction’s fiscal policy is collectively determined by voters who differ in their preferences
for public goods. Because changes in government spending and property tax rates capitalize
into housing values and all jurisdictions draw revenue from housing, a district’s fiscal policy

affects the tax base of all other overlapping jurisdictions. Voters internalize that they bear
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only a fraction of the full cost of increasing expenditures in their own jurisdiction, thus
facing an incentive to prefer more. In equilibrium, jurisdictions choose a higher level of
expenditures and set higher property tax rates than they would if jurisdictions were vertically
coterminous or did not overlap at all. In a quantified version of the model, an alternative local
government structure that replaces overlapping jurisdictions with horizontally differentiated,

general-purpose governments yields higher household welfare on average.
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A Derivations

Al

Household Utility Maximization

Type-k households face the following utility maximization problem in location a:

max
HX

Al + Z ozklong —i—ﬁklogH—t—'yklogX} st. X+ R,H(1+7,) <4y"

J€TJa

The Lagrangian associated with this maximization problem is

L (H,X;)\];) = A, + Z ozklong + Flog H +v*1log X
j€Ja

— MN(X+RH(1+1,)—y"

The first-order necessary conditions are

oL (H,X;)\’;) Bk .
= MR (L) =0
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(A.1)

(A.2)

(A.3)



OL (H,X;ME) Ak
6—X:X_§_)\a:0 (A4>
oL (H, X ; \k
| N ) XE R )+ 0 (A.5)
Combining the first two first-order conditions yields
Nk gk B .
X T R e = ) —
Plugging back into the budget constraint,
k Bk Ak Nk
X5+WX§:yk = XF =yt —= Xf:—5k+,ykyk (A7)
Thus,
B k k B 1 k
=R, (1+71,)H, H} = A8
5k+7ky ( +7‘) a <~ a 5k+’7kRa(1+7—a)y ( )

Taking the logarithm of the optimal demand for the numeraire good and housing space,

k

log X* = log <,8’“Z— 7k) + log 3" (A.9)
k

pr 4"

Plugging the Marshallian demands back into the utility function yields household 7’s indirect

log H* = log < ) —log R, — log (1 + 7,) + log /¥ (A.10)

utility function:

V;a = Aia + Z Oék IOg Gj

J€Ta

k
+ g* (log ( P > —log R, —log (1 + 7,) + log yk)

pr A"

k
k gl k
+7 (log (5’“ +7k) + logy ) (A.11)

Define a type-specific deterministic constant:

’ k
" = pFlog (ﬁ’“ﬁTv’“) + 7" log (ﬁ’“1 fy’“) + (B + ") log y* (A.12)

Furthermore, recall that household ’s valuation of exogenous amenities is A;, = d’; + Usa,
with U;, ~ TIEV (0, 9’“). The indirect utility function can thus be re-expressed as follows:

Vig = pk +d’; + Z o log G, — BFlog R, — ¥ log (1+7,)+U; (A.13)

Jj€Ta

(.

Vv
=yk
=vk
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where v* indicates the type-location-specific component of utility. Each household chooses
the location that maximizes their indirect utility. Because of the parametric assumption
regarding the random component of amenity shocks, the probability of choosing location a
among type-k households is
5t — exp (vF/6")
> exp (vg/0)

Recalling that the mass of type-k households is ¢*, the mass of households who are of type

(A.14)

k and sort into location a is

exp (Ufj /0F )

NE = ghgk = o* S oxp (21, /6] (A.15)
A.2 Equilibrium in the Housing Market
The housing supply equation is
log H? = X\ +nlog R, + B, (A.16)
The aggregate demand for housing among type-k households in location a is
HP? = NFp* (A.17)
The aggregate demand for housing in location a can thus be computed as
HY =) HY* (A.18)
W
— Z NE g* (A.19)
%
, B¥ 1 :
= Zk: NF¥ ﬁk’i TR Ta)yk (A.20)
1 Y LA
T R(1+7) ng ﬂ’“’iﬁ’“’ v A2
_
_ %k(lﬂ—gk) (A.22)
Taking logarithms yields
log H? = log Z ™ N¥ —log R, —log (1 + 7,) (A.23)
%

o7



The equilibrium rental rate of housing equates log-demand and log-supply of housing:

log H? =log HY <= A+ nlogR, + B, = logZWk'Nf, —log R, —log(14+71,) (A.24)

< (1+n)logR, —logZﬂ N¥ —log (1+7,) —\— B, (A.25)
< logR, = log Z ' NF — log (1+47,)— X — B, (A.26)
with A = F and B, = 1%77' Plugging the equilibrium rental rate of housing into the

equation for the log-supply of housing yields the equilibrium level of housing space:

log H, :)\+7710gR + B, (A.27)

log Z FNF — L og (1+7,) — A — nB.+ A+ B, (A.28)
+1
log Z k/Nk’/

Finally, the equilibrium level of housing expenditure in location j is

log (1+7,)+ A+ B, (A.29)

log Ry H, = logz ™ N¥ —log (1 +7,) (A.30)

A.3 Household Supply

As shown in equation (5), the mass of type-k households who choose to reside in area a is

exp (vij/@k)

NF=o" A31
© T e (o6 A3y
where the nonstochastic component of utility is
ot =pF+ak Z af log G — B*log R, — B log (14 7,) (A.32)
j€Ja
Taking logarithms yields
exp (vF/6")
log N¥ = log o* - A.33
0g IV, ogo S e (vfj//Q’C) ( )
vk
= log o* —log Z exp (vh /60%) + gk (A.34)
= ¢" +logo® +oF (A.35)
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= ¢" +logo® + p*/0 —|—0k+z T logG —leogRa—mlog(l—i—Ta)
EC’“ Jj€Ja
T N B p*
:¢’“+<k+%+Zﬁlong—mlogRa—%log(l—i—Ta)
J€Ta

Computing the exponential again yields

ak ok oy /6%

exp <¢k + ¢k + ot T Ejej 7t log Gj) oF Ck e ekﬂjeJa jj/e

_ =€ e BF /6% Bk Jok
exp < log R, + gk log (1+ Ta)) Fa (1+7)

a

Further define

~ k !
9" = e =exp ( lOgZeXp /%) ) T X exp (/65

Then the mass of type-k£ households choosing location a can be expressed as

k/gk
jGJaG !
= e

A.4 The Government Possibility Frontier

(A.36)

(A.37)

(A.38)

(A.39)

(A.40)

Consider a voter who resides in area a € A; and chooses their preferred level of government

spending per capita G;. The system of equations implied by the housing market clearing

and government balanced budget conditions is

0J, 0J, 0J,
1 ; 1 —F dlog (1
810ngd ogGJjLa1 RdogR +81g(1+7-y)d og(1+7;)=0
0K; 8K 0K;
1 ; 1 ——dlog (1
810ngd ogG]jLa1 o E. dlog R, + oz (1 + J)d og(l+7;)=0

(A.41)

(A.42)

where equation (A.42) must hold for every j € J,. The goal of this section is to compute

the partial derivatives required to solve this system in its general form. Recall that
Jo= A+ (14 n)log R, + B, —log Y 7" NJ' +1log (1 + 7,)

K; =log1; + log Z Ry Hy —log G — log Z Ny
a’E.Aj a’E.AJ‘
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A.4.1 Sum of Exponentials

For any household type k, the partial derivatives of 5’“ , 1.e., the reciprocal of the sum of

exponentials, are the following:

ag* ok
") e 50" A4
Tlog Gj (Z exp ( v*, /0 ) o a;.exp (vk /6%) (A.45)
k
af ~ DA, €XP (vk /0 ) _ ak ~ b h (A.46)
ok > exp (vF /6F) 9’“ J

c‘)l(zgR (ZeXp /9k> (—%exp(vff/@’“)> (A.47)

_ B_k(gk exp( s/ek) Bk¢k k (A48)

ok S exp (v, /6%)
O¢* = (Z exp ( /Gk ) g: (1+7;) Z P Wa /7] (v&r/0") (A.49)

Olog (14 1) i 14+ 7y
exp(v:,/Qk)
B* % Daed, T ire,
=— (1+7 - y A.50
ok (1+m)¢ > exp (v /6%) (4.50)
A.4.2 Population by Area and Type
To begin with, for any household type k, area a, and jurisdiction j € 7,
ONk ONk/10G ; ONk
N «/9G; = G2 (A.51)
OdlogG;  0logG,/0G; 0G,
gy a /o, . G o5 /0" ag /0" . 2
_ G]’ 8¢ - J'€Ja T j T + gkeﬁk € - J'€Ta j/k - a_l‘i -1 (A52)
0G;" Rf/ (1+7)"/ R (14 7,)7" 0
7 ak /ok of /0
_ g, [ 299108, o " Ty x5 1 (A.53)
T\ 0logGy 0G; — RI (14 g, O G '
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J ek J Gj + a Hk G ( )
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af i k
Instead, for any household type k, area a, and jurisdiction j ¢ J,,

oNE
0log Gj 0

k gk
st

In addition, for any household type k£ and area a,

ONF  ONEF/OR,  _ ONF
dlog R, 0dlogR,/OR, ~ “OR,
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Instead, for any household type k and area a’ # a,
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Finally, for any household type k, area a, and jurisdiction j € 7,,
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B 85’6 dlog (1 + Tj)egk %a /0" Hjreq, Gy
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— e
o S exp (/69 1573 BRI (14 )"
5k
- 59_’“ 14 (1+ T])

cxp(vi,/@k)
=(1+1) B—kZQIEAj . N’“—N’“ﬁ—k L
TN OF Y exp (v /0F) COk 1+ 7,

1475
. 6k Nk. (Za’EAj 1+7‘j/ exXp (/U];//Qk) 1 + 7—])

N S exp (v /6%) IR
. B_ka 1 + Tj . Za’E.Aj 11;::/ exp (U];//Qk>
N1+, > €Xp (vf;,/ek)

Instead, for any household type k, area a, and jurisdiction j ¢ J,,

ONF B Dwea, i exp (03 /6Y)
dlog (14 75) gk Do eXp( a,/ﬁk)

A.4.3 Logged Population by Area and Type

To begin with, for any household type k, area a, and jurisdiction j € 7,,

k k k k
Olog N} _ dlog Ny ON; 1 % Nk (1 — Sk)
dlog G, ONF  0log G, Nk ok

o (1- 55

%I
SO

Instead, for any household type k, area a, and jurisdiction j ¢ 7,,

dlog Nf ok G g
Dlog G,  OF

In addition, for any household type k£ and area a,

k ke k 1 gk
Olog Ny _ dlog Ny ONy __5—]\["“ (1-8% =
dlog R, INg  Olog R, Na o*

Instead, for any household type k and area a’ # a,
dlogN; B B* i
dlog Ry  OF°¢

Finally, for any j € 7,

dlogNF ~ OlogNF  ONE

dlog (14 7) ONE  Olog (1 + 1;)
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_ (ﬁ (1 + ]) gbk 'eA;j 147,/ ¢k J'€Ja™ g

(A.71)

(A.72)

(A.73)

(A.74)

(A.75)

(A.76)

(A.77)

(A.78)

(A.79)

(A.80)

(A.81)

(A.82)



1 B* N (1 +T Daea, 11::], exp (vg/0°)
’ )

Nk gk 1+7, > exp (vF /6%
_ B4 Darea 11::] exp (vg/6") for any j € 7
R \147, > exp (vF /6F) Y= e

Instead, for any household type k, area a, and jurisdiction j ¢ J,,

dlog N¥ B B_kZa €A, 1+T/ exp( /ek)
dlog (1+7;) 6k o exp (v /6%)

A.4.4 Logged Population by Area

To begin with, for any area a and jurisdiction j € J,,

dlogN, 0OlogN, ON, 103, N¥
dlogG;  ON, dlogG; N, 810gG

1 ONF : :
N, - O0log G, :_ZQka <1_Sf>

Instead, for any area a and jurisdiction j ¢ 7,,

dlog N, 1 Oéf/ K ok
— N "L N¥gh
0log G, N, zk; gk @

In addition, for any area a,

dlog N, 0dlogN, 0N, L@Zk, N¥

dlogR,  ON, 8logRa_N alogR
1 ON¥ : ,
- a - Nk 1_ k
g = 2 (1)

Instead, for any area a’ # a,

@ log Na k' ok
—_— = N
Olog Ry N, Z o Su

Finally, for any area a and jurisdiction j € J,,
dlogN,  0OlogN, ON, 1 X, N¥
dlog(1+ 1)  ON, Odlog(1+1;) N,0log(l+ ;)
1 ONF
No £ 0log (1 4 75)
L8 (e Tae HE e (01)
No £ 0" \1+7, So.exp (vF/6F)
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(A.83)

(A.84)
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(A.87)

(A.88)

(A.89)

(A.90)

(A.91)

(A.92)
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Instead, for any area a and jurisdiction j ¢ 7,,

0log N, i aeA 1+T’ exp( //9’“')
=N Z

=2 = Nk/
dlog (14 1)

24 Za/ exp( a,/Qk/) (A95>

A.4.5 System of Equations for the Government Possibility Frontier

For any area a, the partial derivatives associated with the market clearing condition J, are

O _ o) S (1) o eJ. (A9
8long__ ;W a ;7 oK a ( - j) orany j € Ja (A.96)

_1 ,
aJa k' a7k’ % Oé‘l;: & ok )
8log Gj - (%W Na ) ;ﬂ- gk/ Na Sj fOI‘ any j ¢ ja (A97)
8Ja . i i - o Bkl . y
alOgRa—l_’_n‘F(;Tr Na> ZTF WNG <1_Sa> (A98>
a(]a ]Cl k/ k’l k k’ ,
dlog Ry (kZ” Ne ) Z WN S, forany d’ #a (A.99)
—1
8Ja 1 -+ Tj k!
- N Al
dlog (1 + 75) 1+Ta+<;ﬂ a (A.100)
K 1+ K k!
st (Lrn Bl @)
7\ 2o exp (vir /0F) “

(A.101)

-1
0J, i
dlog(1+1;) (Z Nq ) (A.102)
5k/ Za reA 1:7_ - exp ( /Hkl)

K K A
gV , for any j & Ja (A.103)
zk’: ek Za/ eXp ( a/ /Qk )
For any jurisdiction j, the partial derivatives associated with the balanced budget condition
K; are
8K] 1 ) /
D SR eBY (1-55) (A.104)
dlog G Dwen, N a; — 6"
Ok, K ok’
- /N S for any j 7£ j (A105>
810gG]/ Za reA, o a; ; k
0K; _ (1+n)R.H, ; .
- . (1-s) .
alog Ra ZQ’EAJ- Ra/H Za E.A a Z ek’ or aﬂy a € A]

(A.106)
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0K; 1 3 B
dlog R, Za,eAj Ny - o
0K; 1+

dlog (1 + 7;) n T;

NF'S¥ for any a ¢ A; (A.107)

(A.108)

+ _ 1 Z Z B—HN’“,, 147 Za’eAj f_t—:;/ exp (Uij/@k/)
Lavea; N oF T\ 147, > exp (vg /0F)

a/EAj k'

(A.109)

, 1+Tj’ K K
aKj 1 ﬁk K Za’GA' 147/ exp (’Ua//e ) . .
= — — N7 S for any j'
310g (1 =+ Tj’) Za’E.Aj Ny Z Z gk a Za/ exp (/Usl/ek,) yJ # J

(A.110)

A.4.6 Partial Derivatives with Myopic Voting

The assumption of myopic voting entails that voters perceive jurisdiction boundaries as fixed
and do not account for the mobility implications of a change in local expenditures and taxes.
As a consequence, all of the terms involving a partial derivative of N* are set to zero. The

resulting partial derivatives from the previous section change as follows. For any area a,

0J
a_gf e A1
o2 G, 0 for any j € J. ( )
0J
L =0 f ' u A.112
F1og G, 0 for any j ¢ 7, ( )
aJ,
=1 A1l
Odlog R, i ( 3)
% =0 forany d' #a (A.114)
(9Ja 1 + Tj 3
_ f g A115
dlog(1+7;) 147, or any j € J. ( )
L—O for any j ¢ J. (A.116)
dlog (1+7) R '
In addition, for any jurisdiction j,
0K
_ 1 A117
8log Gj ( )
0K
—— =0 f g A1l
Tos G, 0 for any j' # j (A.118)
0K, (1+n)R.,H,
= =(1 W, fi ; A1l
Olog Ra Yoy RuHa (1+1) W, forany a € A, (A.119)
0K;
=0 f ; A.12
Ol R, 0 for any a ¢ A, ( 0)
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OK]- N 1+Tj
dlog (1 + ;) N T;

0K, L
—— =0 f ! A.122
Flog (1 +7,) 0 forany j 7 (A.122)

(A.121)

A.4.7 The Slope of the Government Possibility Frontier

Consider a voter who resides in area a and chooses their preferred level of government
spending in jurisdiction j € J,. Let J, = {1, U R ,3} In matrix form, the system of

equations implied by the budget balance and housing market clearing conditions is

Jar JaTl o JaTj cee Ja‘f'; -dT'a/dgj- _Jagj
Klr Klﬁ e Kl‘rj R Klfj d’Tl/dgj _Klgj
S o o SR I (A.123)
Kjr an Kj’?’j KjT]*- de/dgj —Kjgj
_KET KETl e KETj . K},.;_ _de/dgj_ __Kjgj_

where the matrix of known coefficients is the Jacobian associated with the housing market
clearing and balanced budget conditions. In addition, the unknowns are defined as dg; =

dlog G, dr, = dlog R,, and dr; = dlog (1 + 7).
A.4.8 The Slope of the GPF with Myopic Voting

Under the assumption of myopic voting, the system of equations in (A.123) becomes

Jar Jar oo Jary oo Jar | [dra/dg;] 0
Klr KlTl 0 0 dTl/dgj 0
Kjr 0 ce KjT]' [P 0 de/dgj _Kjgj
_Kjr 0 c 0 ce KET;_ _dT]*-/dgj_ L 0 |

To derive a closed-form expression for the solution to this system, consider the balanced

budget equation for any jurisdiction j' € J,:

% + Kj’r/@ — _Kj’gj — de/ _ Kjfgj o Kj/r %
dg; 7 dyg; dg; Ky,  Kjr, dg;

K, (A.125)
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Plugging this expression into the housing market clearing condition yields

K. dr,
+ 3 ij,d — + > Jur, ( KJ/’“ - di> —0 (A.126)
]EJ ]Gja ]T/ ]T-/ g]
— %_ Jm-,KJ/g B Z JaT/ dTa —0
dgj §E€Ta T J'E€Ta j,Tj’ dg]
(A.127)
Jar/K"r d a JaT/K j
= (Jar— Y. ) = —”g (A.128)
jed. I 9 jeq
~1
d’l“a JaTj/Kj/T JaTj/Kj’gj
o d_ = (Jar — Z K—/ Z K—/ (A129>
gj leJa J Tj/ j/eja J Tj,
Finally, the slope of the property tax rate levied by jurisdiction j’ is
de/ o K]/g] Kj/T dTa (A 130>
dgj N KJ’T~/ Kj’Tj/ dgj .
-1
Ky K, Jar, Kor Jar Keg;
E o G o IO S
]/Tj/ J/Tj/ eTa ZTZ Le . ETZ

The previously computed partial derivatives can now be used to determine the total deriva-

tive of the rental rate of housing with respect to government spending:

-1
leg Ra JaT-/Kj’r J(ZT-/Kj/g‘
=\ o= 22 —— (A.132)
dlog G; ( 3;7 Kjir, J; Kj,Tj,
1+7’/ 1+7—, . .
w (L4 1) oy 2 (-DI[ =]
= 1+n- ) Lo 7, > e = (A.133)
'€ Ty j'€da N
—1

=—|\1+n- L+1n) Py, ! A.134

<+n 'Zl+a(+77) > T (A.134)

j'€Ja
-1

_ ]_ 1 - Zj/EJa \I’a]’/Tj/ Tj (A 135>

L+n L+ 7, 1+, :

—1

b (M7 Y eq, Yo Ty 7 (A.136)

1+ n 1+ Ta 1+ Ta ’

1 7

- A.137

1+77 <1+Ta_2j’EJa\Paj/Tj’> ( )
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Similarly, the total derivative of jurisdiction j' # j’s property tax rate with respect to

government spending per capita is

dlog(1+71y)  Kyg Ky, dlogR,

= — — A.138
d IOg Gj Kj/-,-]_, Kj/Tj/ d log G]’ ( )
(14n) Y,y 1 T;
=TT 1, R E— T (A.139)
T_-/ TI Ta de]a (IKTE
Va7 7 )
= A.140
1+Tj/ (1+Ta—Z€€JG\Da@Tg ( )
Instead, for jurisdiction j,
dlog (1 + ) :_Kjgj K, dlog R, (A.141)
d 10g Gj Kj’rj Kj’rj d log Gj .
_ 1 A+ 1 T; (A.142)
% 1i_7] 1+771+Ta_25€ja\pa672 .
Tj \IjajTj Tj
_ + A.143
1—|—Tj 1—|—Tj (1+Ta_266\7a\ljag7'g> ( )

A.5 Preferred Property Tax Rates

The goal of this section is to derive the property tax rate preferred by any household type k

residing in any area a for any jurisdiction j.

A.5.1 First-Order Conditions

Consider a voter in area a choosing their preferred level of government spending per capita
on the public good provided by jurisdiction j € J,. The derivative of household ¢’s indirect

utility function with respect to government spending is

d ia dl a 1 5/ dl 1 v
Vi  _ b _ gedlos B D P og (1+75) (A.144)
dlog G J dlog G i 1+7, dlogGj

As in equation (13), the first-order condition associated with the implied maximization

problem is

a? :6kdlogRa g Z 1+ 715 dlog (1 + ;) (A.145)

dlog G 1+7, dlogG;

G,;=G%, J'€Ja G;=Gk,
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Let us maintain the assumption that voters are myopic. First, the property tax component

of the marginal cost of increasing government spending is

> ndglin) 51t Je (149
jez, Lt Ta  dlogG g VT Lty \14+ 7 — > jreg, Yai' Ty
o (A.147)
1 -+ Ta ]. + Tj .
7 Yoy 7y 7
- + (A.148)
1 +7—a j;a 1 +7-a, <1+7—a - Zj/eja ‘Paj/Tj’>
_ T + Zj’eJa Wiy T; (A.149)
1+, 147, 1+7,— Zj'eja Uo7y :

Replacing the two derivatives with the expressions derived in the previous section yields

1 T
k k J
J 1+77 (1+Ta_2j’€ja\paj'7—j/)
2 jreg, Yai' Ty 7 7
+ k J a J + k J A.151
’ 147, 1472 — Zj’eja Wy 0 L+7, ( )

k Tj zj’e]a W7y 1 Ty
= — A.152
B (1 + Tq ) < +8 (A.152)

_Zj’eAj Wi Tjr 147, 1417 147,

This first-order condition is evaluated at 7; = fa, jurisdiction j’s property tax rate preferred

by type-k households residing in area a € A;.

A.5.2 Preferred Property Tax Rates

The set of preferred property tax rates for type-k households in area a is the solution to
the system of |7,| equations implied by the first-order conditions in (A.152). The preferred

property tax rate for jurisdiction j € 7, is therefore

ko o (1+1)
B = (L) Y e, 0 (1= Way)

(A.153)

The numerator of T]ka is positive because, by assumption, all of the elements of {aé‘? }jk
are positive and the elasticity of housing supply 7 is positive. However, without further
restrictions, the denominator may be negative, possibly yielding illogically valued tax rates.

In the worst-case scenario, W,; — 0 for all j' € J,, which would imply that area a does not
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belong to any of the jurisdictions in J,. In this case,

lim (5’“77 —(1+mn) Z 04;3 (1-— \I/aj/)> =B — (141n) Z 04?, (A.154)

W, =0 Vi'€Ta
aj’ J'ed VNS J'e€Ta
which is positive provided that

k
Zj’eja Qg < n
k 1
B +1

B —(1+m) Y >0 <
=

(A.155)

To conclude, if the inequality in (A.155) is true, the optimal property tax rate Tjka is positive
for any set of housing expenditure shares {\Ifaj/}j, e
A.5.3 Second-Order Conditions

The goal of this section is to determine whether Tfa is indeed a maximizer of V;,. Replacing
equation (A.152) into equation (A.156) yields a compact expression for the first derivative

of the indirect utility:

d‘/;a = ak _ ﬁk Tj Zjleja \I]a’j/Tj, o 1 . 6k Tj
dlog G, J 1+7, —Zj/eja Wi Ty 1+7, 1+n 1+7,

(A.156)

By two applications of the chain rule, the second derivative of the indirect utility is

dViq
d2‘/ia o ddlong de/

d(logG,)* ; dry  dlog G

(A.157)
€Ja

_ Z A log &, drj dlog(1+7;) (A158)
drj dlog(l+7) dlogGj '

VNS
d dVia dl )
dlog G Og(l + T]/)
= —(1 i) ————— A.159
e Tee) (A.159)

JETa
As shown in (A.140), the derivative of the property tax rate in a different jurisdiction is

dlog (1 + Tj/) . ( \Ijaj/Tj/
P T

1 i >0 A.160
( +TJ) dlogG] 1+Z€EJG(1—\I/Q()TZ> ( )

Instead, as shown in (A.143), the derivative of the property tax rate in the same jurisdiction

is

—2 I 4 U,T J A.161
leg Gj 7 * iTs 1+ Z@GJE (1 - \Ijaé) Te ( )

(1 —I—Tj)
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U T
=71+ YJ ) A.162
J( 1+ e =Ty 7y ( )

_ - (1 +Zf€ja (1 — \I/ag> Tf‘i‘\lfaj’?'j) S 0
J 1+ZZ€Ja (1—\11(1@)7'@

(A.163)

Moreover, the derivative of

with respect to the tax rate in a different jurisdiction is

gG
ddﬁ)‘ge o
= (Z > (1= Ty) —qfam)TﬂerzZu—\Ifae)rgH) (A.164)
teJe mE€Ja LeJa
B0 (1 — Woy) 7 (A.165)
—2
- (1 +3 (1= Ty) T[> BFn (1 — W) 1 >0 (A.166)
LeTa

Finally, the derivative of dﬁ)‘g‘év with respect to the tax rate in the same jurisdiction is
J

Vi o
legG - (Z Z 1 - aZ - \Ijam) TeTym + 2 Z (1 - \IIGZ) Te + 1) (A167>

LeTa mETa LeTa
Bpli+ Y (1-Vu)m (A.168)
ZEJa\{j}
-2
- (1 +y (- %e)ﬁ) ylie Y (1-Tu)m| <0 (A169)
UV Zeja\{]}
To keep notation compact, I define the following terms:
diogt d1 A o |
dlog G, og(1 + 7y) dlog G, dlog(1l+ 7;)
N = L (1 i) ——————— O, = L (1 ) A17O
A e 0=, ) g, BT

Combining previous expressions, the j' # j term in the summation on line (A.159) is

-2
Wy 7y
Dy = (1 +y (- %z)Tz) B (1 = Wojr) 757 (1 i (17_ ) Tg) (A.171)
_ B

LeTq
n (1= Vo) 73 Vay 7ir
= 3
(1 + 2 req, (1= War) TZ)
k 1-— \I/a i’ \IJQ'IT'/T»Q
_ ol ) RERTEEN (A.173)
(1 + Zeeja (1= W) TZ)

Similarly, the j/ = j term in the summation on line (A.159) is

- (1 + (1= Ty) n;> 7 Bml1+ > (1-Tu)m (A.174)

T, e T \{j}

(A.172)
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T (1 + ZEEJ@ (1
J 14> e (1

—<1+Z(1—‘Ifag)7'g> 5k?7 1+ Z

LeETa

Tj (1 + Z (1 — ‘Ifag)Tg+\IlajTj>

LeETa

- \Ijaﬁ) Ty + \IJajTj>
— W) 1

e Ja\{j}

3
( +Z£ T (1—Wy) Tf)
AL (1 + 2 ceqniy (1= Yar) 70 (1 + 2 eegngy (1= Ya) e+ TJ‘) 7
(T4 Xeg, (1= Par) TZ)S

2
B (1 + 2 veangy L= Ya) 7e) 7

(1 + ZZeJa (1

— Uyy) 72)3

<0

(1 + Zﬁeja (1

—Uy) Tz)s

Thus, the summation on line (A.159) reduces to

ZéeJa \{i} B (1 -
Ay 40,
Z — Wy) Te)g

7'€Ta\{7}

2
War) W oreT j

(1+ 2y (1

B (1 + 2 vegagy (1= Yar) Té)

2
Ty

(1 + zéeja <1 -V

az) Tz)3

2
BFn (1 + D reqagy (1= Yar) TE) 7j

(1 + ZEGJQ (1

Focusing on the terms on lines (A.182) and (A.183):

3
(1 + ZfeJa (1 - Waf) Tf) (1 + ZfeJa (1
BT}
3
(1+ 2 pes, (1= Wap) 70) e T}
k2
_ o, 1 Y -
(1+ 2 pes (1= Wop) 70) te TN}

Zeeja\{j} B (1 — Vo) ‘I’aﬂﬂf B

—Wy) Tz)g

5k77 (1 —+ Zéeja\{j} (1 — \Ifag) Tg)

2
75

Z (1—\11(1@)\11,1@7'@—1— Z (1—‘11(15)7'5

72

— Wy) 74)3

Zeja\{j}

(Vo — 1)1y

(A.175)

(A.176)

(A.177)

(A.178)

(A.179)

(A.180)

(A.181)

(A.182)

(A.183)

(A.184)

(A.185)

(A.186)

(A.187)



ﬁkan 2
= -1 Y 1-%)’n ] <0 (A.188)
(14 ey, (1= War) 70) eI \}

Because the term on line (A.184) is negative, Zj’EJa\{j} Aj + [0, is negative too, implying
that the indirect utility Vj, is a strictly concave function of log G;. Thus, Tﬁz attains the

unique global maximum of Vj,.

A.5.4 Comparative Statics

In this section, I check how the preferred tax rate varies as a function of parameter values.
I focus on the preference for government spending per capita oz;?, the preference for housing
space (3*, and the elasticity of housing supply 1. As shown in equation (A.153), the property

tax rate preferred by type-k households residing in area a for jurisdiction j is

k
k o (1+n)
Tiq = (A.189)
’ BEn — (1 +n) Zj/eju. O‘?’ (1 — Wyy)
First, consider the derivative of Tfa with respect to af :
drt (1+n) (ﬁkn — (1 +n) Y eq b (1 - waj,)) +ak (1+n)°(1—0,)
== (A.190)

k
dozj

(B0 = (4 m) Sy 0 (1 - W)

which is positive provided that the inequality in (A.155) is true. Second, the derivative of

ko k
;. With respect to 8" is

dr® R+
D _ GALRAL (A.191)

e P

which is negative. Third, consider the derivative of Tjka with respect to n:

ark, ok (B — (L 0) T yey, b (1= W) ) — b (L4 m) (8" = 5,0y, b (L= W)

i (81— (14 1) Sy ol (1= )
(A.192)
B akBn — ok (14 ) B A193)
: |
(81 = (14 1) Lyegy 0 (1= W)
k Qk
_ a5 (A.194)

(31— (14 1) Sy, o (1= 20)
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which is negative too. Finally, the derivative of Tfa with respect to the preference for gov-
ernment spending in a different jurisdiction ozf,, with 5/ # j, is
drk of (14n)°(1 -V,
TE AN k]) . (A.195)
Qi (5’“77 —(1+n) D peq, ar (1 - ‘I’az))

which is again negative.

B Identification of Model Parameters

This section outlines how I identify the structural parameters of my spatial equilibrium

model using regression discontinuity designs.

B.1 Outcome Elasticities with respect to Expenditure Changes

First, I compute the elasticity of any equilibrium variable at location ¢ € J with respect to
school district j’s expenditure change G;. Unlike derivations pertaining to the Government
Possibility Frontier, I consider the response of all equilibrium variables to a discrete change

in government spending.
B.1.1 Household Supply

The expected mass of households who choose location j is
v exp (v5/0%)

NF=o (B.196)
T Xexp (vp/0%)
where o denotes the mass of type-k households in the economy and
vy = Ay + o log Gy — xa*log Ny + ¥ log [yk — R, (14 Tg)} (B.197)

I wish to derive an expression for the difference between logged population mass with and

without referendum approval:
Alog NF = log N (AG;) — log N¥ (0) (B.198)

where AG; is the proposed expenditure hike on which residents vote. To keep notation
compact, [ express potential outcomes as functions of a binary treatment state indicating
referendum approval, so that Alog Nj = log N} (1) —log N (0). Then

vk (1 k(1
Alongzlogak—l— ]Gi)—logZexp (W@i))
¢
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—logo* — Uf © + log Z exp (UéC (O)> (B.199)
¢

ok ok
= ekj - <logZeXp (%) —log ) " exp ( fei )) (B.200)
¢ ¢
AvF
= 9—1;] — (log Z* (1) — log Z* (0)) (B.201)
First
Ak ot K s b
o %Nog G- %Nog Nj = e—fjﬁlog R; - %Alog(l +7)  (B.202)
where pf = % Second, for any t € [0, 1],
viy = vg (0) + ¢ [vf (1) — v7 (0)] (B.203)
and define

Yo
E exp ( ) (B.204)
Clearly, ZF = Z%(0) if t =0 and ZF = Z* (1) if t = 1. Then

log Z" (1) — log Z* (0)

1 d N
= | gloeZidt (B.205)
k ok
/ Zexp <Uet> Mdt (B.206)
' sz“tvéf(l)—véf(o)
= / P = dt (B.207)
0
k _ )k 1 Nk
:Z”f (1> - (0)/ it (B.208)
0 o
LNk
AW / L gy (B.209)

The first equality exploits the Fundamental Theorem of Calculus. The second equality fol-

exp< Zt)
k

lows from an application of the chain rule. The third equality defines N, zlft =o' ————~.
Z exp <U'm t >

oF

In addition, I define the mean-value population mass in location ¢ as

1
N, = / NE,dt (B.210)
0



To summarize,

——k
N, AvF
log Z* (1) —log Z* (0) = > a_:e_ff (B.211)
l

Because left is continuous on [0, 1], the mean-value theorem for integrals states that there
exists a point t; € (0, 1) such that Nj, = N, Zt;- A solution that is both second-order-accurate

and pragmatic is the mid-point value:

e NP+ N (1)

N, ~ = Nf (B.212)
Combining previous derivations,
log Z* (1) — log Z* (0)
~ ; N¢ (O)ijNf (1) A;f (B.213)
=9 % (‘;‘_:Alog G, — Xei,ikmog N, — kflgAlog Ry — 7;} 1+ n)) (B.214)
¢

Finally, the difference between log household supply in the two treatment states is

AlogN’-“
k
QkAlogG XQO‘ AlgN—79p3A1 R—W’Alog(HTj)
Nt (a xa* Vi i
_;F(e—kAlogGg—e—kAlogNg o Alog Ry — o ——=Alog (14 7) (B.215)

Finally, I divide both sides by the proposed change in log school district spending:
Alog N}
Alog G
_a"  xa" Alog N; Yol Alog Ry 7*pf Alog (1 +15)
Tk 0k AlogG;  0F AlogG;  0F  AlogG,
B Z ( o* Alog Gy Xo/€ Alog N, ek Alog Ry B Yok Alog (1 + Tg)) (B.216)
08 AlogG; 6% AlogG, g% AlogG, g AlogG;

8 6% AlogG;  6F AlogG; 68 AlogG,

_Z a* Alog Gy xa* Alog Ny +*pf Alog Ry +*pj Alog (14 1) (B.217)
0FAlogG,  0F AlogG,  0F AlogG, 05  AlogG, ’

L#£]
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For any location j’ # j, analogous derivations yield
Alog N},
Alog G

~ (1= @ O‘_kAIOg Gy xar Alog Ny B ’Ykpf/ Alog Ry ’ykp?/ Alog (14 75)
~ ok 0 AlogG; 0% AlogG; 08 AlogG, oF Alog G,

B Z @ (ak Alog G, xaf Alog Ny B Ve Alog Ry ~*pf Alog (1 + )
ok

P Q_kAIOng 6% AlogG; ok Along_ ok Alog G, ) (B.218)

B.1.2 Rental Rate of Housing

In any location ¢, the equilibrium rental rate of housing is
1
log Ry = —log ¥ Nj — = — — (B.219)
n

[ wish to compute Alog R, =log Ry (1) —log R, (0). To begin with,

Alog Ry = % (logz Ny (1) — logz:NéC (0)) (B.220)
k k
Now define
M) =Y NFO) M) = Y NE() (B.21)
k k
For any ¢ € [0, 1],
Nfy = Ny (0) 4+t [Ny (1) — Ny (0)] (B.222)
and define
My =Y N, (B.223)
k

Clearly, Mg,t = Mg (0) if t=0 and Mg’t = Mg (1) if t=1. Then

log My (1) — log M, (0)

1dlogMg,t
_ /0 o8 Mt gy (B.224)
1
1
:/O T 2 INE (W) = N O] a (B.225)
) k
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/ Z Niy N (1) = N ©) 4 (B.226)

Mft th
/ Z J\]\Zi dlogtN“dt (B.227)
_ Z/l ]\J\ZidlogtNé“tdt (B.228)
— Zk: Alog N¥ i ]\]\Zi dloitNgt Alolg % dt (B.229)

The first equality uses the Fundamental Theorem of Calculus. The second and fourth equal-
ities apply the chain rule. The third equality multiplies and divides by left. Now define the

mean-value weight as

_ L NE, dlog Nf, 1

k 0t gNpy

L, = : : dt B.230
=)o My, dt Alog N} ( )

UNF, ANE 1

= : dt B.231
0 M“ th Alog Nj ( )
ANK
B.232
Mg t A IOg Nk ( )
ANK
= dt B.233
Alog N} /0 My, ( )
ANZC A log Mg
= B.234
Alog NF  AM, ( )
Thus,
—r AN} Alog M,
= B.235
£ AM, Alog N} ( )
To summarize,
log M, (1) — log M, (0) = ZZ?Along (B.236)
k
Because left is continuous on [0, 1], the mean-value theorem for integrals states that there
k Nk
exists a point t; € (0,1) such that % = Mi’tl . A solution that is both second-order-accurate
, ity

and pragmatic is the mid-point value:

NE(0) + Ny (1)
2 NG (0) + Ny (1)]

IF ~ = Ik (B.237)
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Combining previous derivations,

log M, (1) — log M, (0) =~ szAlog Ny
k

(B.238)

Finally, the difference between log inverse housing demand in the two treatment states is

1 ~
Alog Ry ~ EZL;AlogNZk
k

Finally, I divide both sides by the proposed change in log school district spending:

AlogR, 1 ~. Alog Nf

Ao, ™y 2= M Rlog 6y

B.1.3 Housing Units

In any location ¢, the equilibrium number of housing units is
log Hy = A+ nlog Ry + By

I wish to compute Alog H, = log H, (1) — log H, (0). Trivially,

Alog Hy = nAlog Ry

Finally, I divide both sides by the proposed change in log school district spending:

AlogH,  AlogRy
AlogG,  AlogG,

B.1.4 Balanced Budget

In any location ¢, the balanced budget condition is
log Gy = log 7, + log R, + log H,
I wish to compute Alog Gy = log G, (1) — log G, (0). Trivially,

Alog Gy = Alog 4+ Alog Ry + Alog Hy

Finally, I divide both sides by the proposed change in log school district spending:

Alog G, Alog 1y N Alog R, N Alog Hy
AIOg Gj N AlOg Gj AlOg Gj AIOg Gj

79

(B.239)

(B.240)

(B.241)

(B.242)

(B.243)

(B.244)

(B.245)

(B.246)



B.2 Identification with Regression Discontinuity Estimands

I now translate the elasticities obtained above into a system of linear equations, where the
unknowns are structural parameters and the known terms correspond to regression discon-
tinuity estimands. This mapping is obtained by taking expectations with respect to the
joint distribution of the model’s unobservables and conditioning on S; = 0.5, under which

regression discontinuity estimands identify weighted averages of elasticities.

B.2.1 Household Supply

The elasticity of household supply in location j with respect to a change in school district

expenditures in location j (equation B.218) is

Along
Along
(1 - E) (ak xo¥ Alog N; B ’ykpé‘? AlogR; ’YkP?Alog(l +Tj)>

~
~

ok 0% AlogG, 6% AlogG, ok AlogG;

_ZNk a* Alog Gy xa* Alog Ny ~*pf Alog Ry +*pj Alog (14 1) (B.247)
Lok \§F AlogG;  0F AlogG,  6F AlogG,  6F  AlogG, '

Taking expectations of both sides with respect to the joint probability distribution of the
unobservables and conditioning on the running variable being equal to the cutoff yields the

following equation:

Alog Nl o5l =% x| (1 —Nk S;=0.5
AlogG; |7 o ok
k
X Alog N;
- xE[(1-— .
ok ( )AlogG 5= 05]
. _
v Alog R,
ekpr<1 )AIOGS 05]

e NF\ Alog (1 + 7))
gl k j g j
—— xE 1] - — | —— 2215 = (.
R I < ak> Alog G; 5 =05
k ﬁkAlogGg
- — E|—% S; =05
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xa Ne AlogNg
= E 5 =0.5
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S; = 0.5] (B.248)

For any location j’ # j, analogous derivations yield the following equation:

Alog N o N5 A log G
AlogC; | 05] o ( o | Alog s, |17
k N%\ Alog N,
xo 7\ Alog N,
XY R [1- D) 2 g,
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i

k
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B.2.2 Rental Rate of Housing

The elasticity of housing demand in location ¢ € J with respect to a change in school district
expenditures in location j (equation B.240) is

Alog R, 1 Z~kAlong

—_— - —_— B.250
AlogG; 1 “ Alog G, ( )

k
Taking expectations of both sides with respect to the joint probability distribution of the

unobservables and conditioning on the running variable being equal to the cutoff yields the
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following equation:

A log Ry
Alog G log G;

i . Alog N}
eAlogG

.]:—XZE

S; = 0.5] (B.251)

B.2.3 Housing Units

The elasticity of housing supply in location ¢ € J with respect to a change in school district
expenditures in location j (equation B.243) is

AlogH,  AlogRy
AlogG,;  AlogG,

(B.252)

Taking expectations of both sides with respect to the joint probability distribution of the
unobservables and conditioning on the running variable being equal to the cutoff yields the
following equation:

AlogHg
AlogG

A log Ry
AlogG; log G;

S; —0.5] —nxE

S; = 0.5] (B.253)

B.2.4 Balanced Budget

The elasticity of school district expenditures in location ¢ € J with respect to a change in

school district expenditures in location j (equation B.246) is

Alog G Al Alog R, AlogH,
0gte 08 Te i 0g fe i 0g Hy (B.254)

AlogG; AlogG;  AlogG;  AlogGj

Taking expectations of both sides with respect to the joint probability distribution of the

unobservables and conditioning on the running variable being equal to the cutoff yields the

following equation:

Alog Gy Alogty
E S; =05 =E S;=0.5
AlogG AlogG ]
AlogRg Alog Hy
+ NI YR e S; =05+ Alog G, S; 05] (B.255)

C Statistical Inference on Structural Parameters

In this section, I provide details on statistical inference for the structural parameters that

govern household preferences and the elasticity of housing supply.
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C.1 Household Preferences

Assume there are two jurisdictions (|J| = 2) and set y = 1. For compactness, let 6,
denote the nth regression discontinuity estimand, with the numbering following the order of

appearance in equations (B.248)-(B.249). The system of equations can then be written as

(91 205(92—(93—66+97)—|—’}/(—94—95+68+09) (C256>
Oro = (b1 — 012 — 615+ 016) + v (=613 — 014 + 617 + O13)
Define the intermediate sums
¢1 = 92 — 93 — 96 + 87 51 = —(94 — 95 + 98 + 69, (CQE)?)
Yy = b1y — 012 — b5 + 015 o= —013— 014+ 017 + 015 (C.258)

With these definitions, the system can be expressed in matrix form as

e
vy & |7 010

where the determinant of the coefficient matrix is given by A = ¢1& — 126 # 0. The

solution to the system is then

018 — 0106 1t — oty
o= X N = X (C.260)

~ ~ ~ /
Let 60 = [91, ce 6’18] denote the vector of estimated regression discontinuity parameters,

with associated variance-covariance matrix y. I compute the Jacobian matrix of [a, 7]
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with respect to the vector of underlying estimands, yielding

- a7

&2 12
—adp 10 — &2
oo —010 + 72
10 — arby —Y2
10 — athy —Y2
oy —010 + &2

—ady tho — &2
—010 + a1y Yo

j_ 1 —010 + ath Yibe (C.261)
Al =& W
oy —01 +7&
—ay 01 — &
=01 + ayy Y
=01 + Vi
—ad 01 — &
%3] —01 +7&
01 — aiy —Y1
| 0 — —Y¥1
where each row corresponds to a partial derivative with respect to 6, for n = 1,...,18.

Let [@,7] denote the estimate of [o,7]. Substituting estimated parameters into the Jaco-
bian yields the matrix J. By an application of the Delta method, the estimated variance-
covariance matrix of [@,7]" is

Vial  Cla, 3]
Claal vl

PN

~ JSed (C.262)

Finally, applying the Delta method to the ratio a//v, the variance of the estimator a/7 is
approximated by

Via/A] ~ [1/3 _a/ﬂ jiej’[ /7 ] (C.263)

~a/7"
C.2 Elasticity of Housing Supply

As described in equation (B.253), the housing supply elasticity 1 is point identified as the

ratio of two regression discontinuity estimands, whose outcomes are housing quantity H and
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housing price R, respectively. Let 0y and 0 denote these estimands, with corresponding

estimators §H and §R. By the Delta method, the estimated variance of 7] is

G [1/53 —éH/ﬁg] CT@[;;}L] C“EQ%RT] [_gj%%] (C.264)

D Data Sources

This section lists the sources I used to collect and compile data on property tax rates for
each state or territory. The following table reports time periods for which data on property

tax rates have been collected.
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Table D1: Time Periods of Property Tax Data Availability

State or Territory Years State or Territory Years
Alabama 2000-2022 Montana 2009-2022
Alaska 1998-2022 Nebraska 2001-2022
Arizona 2009-2022 Nevada 2000-2022
Arkansas 1999-2022 New Hampshire 2003-2022
California 2000-2022 New Jersey 1997-2022
Colorado 2003-2022 New Mexico 2000-2022
Connecticut 1992-2022 New York 2002-2022
Delaware 1997-2022 North Carolina 2000-2022
District of Columbia 2006-2022 North Dakota 2000-2022
Florida 2001-2022 Ohio 1996-2022
Georgia 1999-2022 Oklahoma 2000-2022
Hawaii 1983-2022 Oregon 2007-2022
Idaho 2001-2022 Pennsylvania 1988-2022
[llinois 2008-2021 Rhode Island 2000-2022
Indiana 2006-2022 South Carolina 2005-2022
Towa 2001-2022 South Dakota 2010-2022
Kansas 2011-2022 Tennessee 1997-2022
Kentucky 1999-2022 Texas 2000-2022
Louisiana 2005-2022 Utah 1997-2022
Maine 1998-2021 Vermont 2006-2022
Maryland 2005-2022 Virginia 1999-2021
Massachusetts 2002-2022 Washington 2002-2022
Michigan 2005-2022 West Virginia 2007-2022
Minnesota 2005-2022 Wisconsin 1989-2022
Mississippi 2012-2022 Wyoming 2010-2022
Missouri 2000-2022

NoTES: For each state or territory, this table reports years for which data on property tax rates have been

collected and are available for use.

D.1 Alabama

The Alabama Department of Revenue prepares annual reports on the property tax “millage”

rates set by counties, municipalities, and school districts throughout the state. Reports
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for the most recent five years are publicly available at https://www.revenue.alabama.
gov/property-tax/property-tax-assessment/. For previous years, similar reports were

obtained via a Public Records Request.

D.2 Alaska

The Alaska Department of Community and Regional Affairs annually compiles Alaska Taz-
able reports, detailing property tax rates set by boroughs and cities. These reports are
accessible to the public at https://www.commerce.alaska.gov/dcra/admin/Taxable. Be-
tween 1998 and 2015, detailed property tax rate data are included in the main Alaska Taxable
reports. For the years 2016 to 2019, similar data are exclusively available in the statistical
supplement accompanying the Alaska Tazable reports. Starting from 2020, statutory prop-
erty tax rates are no longer included in the Alaska Tazxable reports. However, for specific
boroughs and cities, this information can be found at https://dcra-cdo-dcced.opendata.
arcgis.com/datasets/taxes-all-locations/. Any missing or incorrect values were rec-

tified by cross-referencing individual municipality websites.

D.3 Arizona

The Arizona Department of Revenue does not release reports containing data on property
tax rates set by counties, municipalities, school districts, and special purpose districts. Con-
sequently, these data were collected on a county-by-county basis. For each of the fifteen
counties in Arizona, publicly available reports from the “Assessor” or “Treasurer” sections
of county websites were downloaded and digitized. Additionally, for several counties, these

reports were supplemented with data obtained via Public Records Requests.

D.4 Arkansas

The Arkansas Assessment Coordination Division prepares annual Millage Report publica-
tions that contain data on the property tax rates set by counties, municipalities, school dis-
tricts, and a limited number of special purpose districts. Reports for the most recent years are
available at https://www.arkansasassessment.com/county-officials/millage-book/.

For previous years, similar reports were obtained via Public Records Requests.
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D.5 California

The California Board of Equalization does not release reports containing data on property
tax rates set by counties, municipalities, school districts, and special purpose districts. Con-
sequently, these data were collected on a county-by-county basis. Publicly available reports
from the “Auditor-Controller” sections of county websites were downloaded and digitized
for each of the fifty-eight counties in California. Additionally, data for several counties were

supplemented through Public Records Requests.

D.6 Colorado

The Colorado Department of Local Affairs, Division of Property Taxation compiles annual
reports detailing property tax rates set by counties, municipalities, school districts, and an
extensive list of special purpose districts. The most recent report is publicly available at
https://dpt.colorado.gov/annual-reports. For previous years, analogous reports were

obtained via a Public Records Request.

D.7 Connecticut

The Connecticut Office of Policy and Management compiles annual data on property tax
rates set by municipalities and a limited number of special purpose districts. These data are

accessible to the public at https://portal.ct.gov/0PM/IGPP/Publications/Mill-Rates.

D.8 Delaware

The Delaware Division of Revenue does not publish reports containing data on property tax
rates set by counties, municipalities, and school districts. Consequently, these data were
collected on a county-by-county basis. Specifically, property tax rates for each of Delaware’s
three counties were digitized from tables found in the “Statistical Section” of the Annual

Comprehensive Financial Reports.

D.9 District of Columbia

The historical property tax rates in the District of Columbia are documented in Section

47-812: “Establishment of Rates” of the Code of the District of Columbia. This section is
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accessible at https://code.dccouncil.gov/us/dc/council/code/sections/47-812.

D.10 Florida

Annually, each county in Florida discloses its property tax rates to the Florida Department
of Revenue through the submission of two forms. The first, DR-403CC, includes details on
property tax rates set by the county government, the county school board, and special pur-
pose jurisdictions. The second, DR-403BM, is used to report property tax rates determined
by municipalities. While these forms are not publicly available, the Florida Department of
Revenue compiles and digitizes their contents. The resulting dataset was obtained through

the submission of a Public Records Request.

D.11 Georgia

The Division of Local Government Services within the Georgia Department of Revenue
releases annual reports titled County Ad Valorem Tax Digest Millage Rates. These re-
ports provide comprehensive data on property tax “millage” rates determined by coun-
ties, municipalities, school districts, and special purpose districts. = Recent reports
are accessible to the public at https://dor.georgia.gov/local-government-services/
digest-compliance-section/property-tax-millage-rates. Reports from prior years

were acquired through Public Records Requests.

D.12 Hawaii

The Real Property Assessment Division within the Department of Budget and Fiscal Services
of the City and County of Honolulu publishes annual reports that provide information on
property tax rates set by each of the five counties in Hawaii. These reports are publicly

available at https://www.realpropertyhonolulu.com/state-reports/2023/.

D.13 1Idaho

The Idaho State Tax Commission does not provide consolidated reports summarizing prop-
erty tax rates set by counties, municipalities, school districts, and special purpose districts.
However, the pertinent data can be accessed by interactively selecting years and counties on

the official website at https://apps2-tax.idaho.gov/i-1073.cfm.
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D.14 Illinois

The Illinois Department of Revenue provides researchers with a collection of datasets on
property taxes within the state, including details on tax rates set by counties, municipalities,
townships, school districts, and special purpose districts. These annual datasets, titled
District EAV, C'TE, and Total Rate by Property Class, can be accessed on the official website

at https://tax.illinois.gov/research/taxstats/propertytaxstatistics.html.

D.15 Indiana

The Indiana Department of Local Government Finance compiles annual reports detailing
property tax rates set by counties, municipalities, townships, school districts, and special
purpose districts. Reports for the most recent four years are publicly available at https:
//www.in.gov/dlgf/reports-and-data/reports/. For previous years, analogous reports

were obtained via a Public Records Request.

D.16 Iowa

The Towa Department of Management annually aggregates data pertaining to property
tax rates imposed by counties, municipalities, townships, school districts, and special
purpose districts. Detailed reports for each class of jurisdictions can be accessed at
https://dom.iowa.gov/property-tax-rates. Additionally, a consolidated dataset
containing the information from these reports is available at https://data.iowa.
gov/Property-Assessment-Levy/Levy-Authority-Rates-in-Iowa-by-Fiscal-Year/

xmkr-kpjb.

D.17 Kansas

The Kansas Department of Administration compiles and annually publishes county tax
levy sheets that provide detailed data on property tax rates set by counties, municipalities,
townships, school districts, and special purpose districts across the state. The reports can
be accessed at https://admin.ks.gov/offices/accounts-reports/local-government/
municipal-services/county-tax-levy-sheets. These county tax levy sheets are exclu-

sively available in scanned PDF format, necessitating a substantial digitization effort.
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D.18 Kentucky

The Kentucky Department of Revenue prepares comprehensive annual reports detailing prop-
erty tax rates established by counties, municipalities, school districts, and special purpose
districts. Both recent and historical reports can be retrieved from https://revenue.ky.

gov/News/Publications/Pages/default.aspx.

D.19 Louisiana

The Louisiana Legislative Auditor annually releases Mazimum Millage Reports, provid-
ing data on the property tax rates set by parishes, municipalities, school districts, and a
large number of special purpose districts throughout the state. Parish-year-specific reports
are available for download at https://1la.la.gov/resources/assessors-and-millages/
maximum-millage-reports. Additionally, the Louisiana Tax Commission compiles analo-
gous data into annual reports, offering coverage for earlier years and maintaining a harmo-
nized format across time. These resources can be accessed at https://www.latax.state.

la.us/Menu_AnnualReports/AnnualReports.aspx.

D.20 Maine

The Department of Administrative and Financial Services within Maine Revenue Services
annually compiles the Municipal Valuation Return Statistical Summary reports. These
publications provide comprehensive data on Maine municipalities, including details on
the property tax rates they levy. Reports from the year 2009 onward are readily acces-
sible at https://www.maine.gov/revenue/taxes/property-tax/municipal-services/
valuation-return-statistical-summary. For earlier years, the corresponding data were
acquired through a Public Records Request. Furthermore, historical data on property
tax rates in Maine’s unorganized territory were retrieved from https://www.maine.gov/

revenue/taxes/property-tax/unorganized-territory.

D.21 Maryland

Until 2019, the Office of Policy Analysis within the Maryland Department of Legislative

Services published annual reports titled Ouverview of Maryland Local Governments: Fi-
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nances and Demographic Information. Within the appendices of these publications were
tables summarizing the property tax rates levied by counties, municipalities, and a lim-
ited number of special service districts throughout the state. Starting from 2020, this in-
formation has been made available through individual documents on the website of the
Maryland Department of Legislative Services. Additionally, the Maryland Department of
Assessments and Taxation releases property tax reports for more recent years, accessible at

https://dat.maryland.gov/Pages/Tax-Rates.aspx.

D.22 Massachusetts

The Massachusetts Division of Local Services provides researchers with a collec-
tion of datasets on property taxes within the state, including details on tax
rates set by municipalities and special purpose districts.  These datasets can be
accessed at https://www.mass.gov/lists/property-tax-data-and-statistics#city,

-town-and-special-purpose-district-tax-rates-.

D.23 Michigan

The Property Services Division within the Michigan Department of Treasury annually re-
leases reports titled Total Property Tax Rates in Michigan. These reports encompass data
on the property tax rate applicable to each geographical area defined by the intersection of a
county with a school district and a city or township. Both current and historical reports can
be downloaded from https://www.michigan.gov/taxes/property/estimator/related/

millage-rates.

D.24 Minnesota

The Minnesota Department of Revenue makes available for researchers a comprehen-
sive dataset on the history of property tax rates levied by counties, municipalities,
and school districts in the state. To access this extensive dataset, researchers can
utilize the “Download All Data” link available at https://www.revenue.state.mn.us/
property-tax-history-data. Additionally, a similar dataset pertaining to special purpose

districts was acquired through a Public Records Request.
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D.25 Mississippi

The Mississippi Department of Revenue annually compiles two reports, namely County
Millage and City Millage, providing a comprehensive overview of property tax rates im-
posed by various jurisdictions across the state. The City Millage reports encompass
data on rates set by school districts. These publications are available for download at
https://www.dor.ms.gov/property. The datasets from earlier years were obtained by fil-
ing a Public Records Request. However, it is essential to note that the Department of

Revenue staff cannot ensure the completeness and/or accuracy of these historical data.

D.26 Missouri

The Missouri State Auditor annually publishes reports under the title Missouri Property
Tax Rates. These reports provide comprehensive data on assessed values and property
tax rates established by counties, municipalities, townships, school districts, and special
purpose districts. Both current and historical reports can be accessed for reference at https:

//auditor.mo.gov/AuditReport/Reports?SearchlLocalState=31.

D.27 Montana

The Montana Department of Revenue does not produce consolidated reports summariz-
ing property tax rates set by counties, municipalities, school districts, and special purpose
districts. The pertinent data were acquired through the submission of a Public Records

Request.

D.28 Nebraska

The Property Assessment Division within the Nebraska Department of Revenue publishes
annual reports that provide data on property tax valuations, taxes levied, and property
tax rates throughout the state, including information by political subdivision within each
county. These publications can be retrieved from https://revenue.nebraska.gov/PAD/

research-statistical-reports/annual-reports.
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D.29 Nevada

The Division of Local Government Services within the Nevada Department of Taxation
annually compiles reports titled Local Government Finance Redbook. These publications
contain detailed data on the property tax rates set by counties, municipalities, school dis-
tricts, and special purpose districts. Current and digitized historical reports can be accessed

at https://tax.nv.gov/LocalGovt/PolicyPub/ArchiveFiles/Redbook/.

D.30 New Hampshire

The New Hampshire Department of Revenue Administration offers researchers access to a
range of datasets related to property taxation in the state over the last five years. These
datasets can be downloaded from https://www.revenue.nh.gov/mun-prop/municipal/
property-tax-rates.htm. For earlier years, comprehensive data on property tax rates set
by municipalities statewide are available in the annual reports published by the Department,
which can be found at https://www.revenue.nh.gov/publications/reports/index.htm.
For a unified dataset encompassing both current and historical property tax rates, one can
consult the website of the New Hampshire Public Finance Consortium at https://nhpfc.

org/Data.

D.31 New Jersey

The Division of Taxation within the New Jersey Treasury offers a consistently updated
dataset featuring current and historical property tax rates established by boroughs and
townships in the state. This dataset is accessible in the “General Tax Rates by County and

Municipality” section at https://www.nj.gov/treasury/taxation/lpt/statdata.shtml.

D.32 New Mexico

The New Mexico Department of Finance and Administration prepares annual reports on
the property tax rates set by counties, municipalities, school districts, and special pur-
pose districts. County-level reports for the most recent five years are publicly avail-
able at https://www.nmdfa.state.nm.us/local-government/budget-finance-bureau/

property-taxes/certificates-of-property-tax-rates/. For previous years, similar re-
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ports or data in spreadsheet format were obtained via a Public Records Request.

D.33 New York

The Office of the New York State Comptroller provides researchers access to various current
and historical datasets and reports on property tax rates set by counties, municipalities,
and school districts throughout the state. While these datasets encompass information on
special purpose districts, it is important to note that the data for these districts are grouped
and not available on an individual entity basis. The primary directory for local government
data in New York can be found at https://www.osc.ny.gov/local-government/data/

real-property-tax—levies-taxable-full-value-and-full-value-tax-rates.

D.34 North Carolina

The North Carolina Department of Revenue prepares annual datasets on the property tax
rates set by counties, municipalities, school districts, and special purpose districts across the
state. Datasets for the most recent five years are publicly available at https://www.ncdor.
gov/taxes-forms/property-tax/property-tax-rates. For previous years, similar data

were obtained via a Public Records Request.

D.35 North Dakota

The Office of the North Dakota State Tax Commissioner offers researchers convenient access
to property tax rate data through a user-friendly Tax Levy Lookup tool, accessible at https:
//www.tax.nd.gov/data. This interactive application provides data exclusively for years

from 2015 onwards. Data for previous years were obtained via a Public Records Request.

D.36 Ohio

The Ohio Department of Taxation compiles annual datasets that contain information regard-
ing the property tax rates levied by county governments, municipalities, townships, school
districts, and special purpose districts. These comprehensive datasets can be retrieved from

https://tax.ohio.gov/researcher/tax-analysis/tax-data-series/tds1.
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D.37 Oklahoma

The Oklahoma Tax Commission does not publish consolidated reports detailing property tax
rates set by counties, municipalities, school districts, and special purpose districts. Compre-

hensive data were acquired via a Public Records Request.

D.38 Oregon

The Research Section within the Oregon Department of Revenue annually compiles re-
ports titled Oregon Property Tax Statistics. These publications contain data on the
property tax rates set by counties, municipalities, school districts, and special purpose
districts across the state. Current and historical reports, as well as detailed supple-
mental data, can be accessed at https://www.oregon.gov/dor/gov-research/Pages/

Research-Reports-and-Statistics.aspx.

D.39 Pennsylvania

The Pennsylvania Department of Community and Economic Development provides re-
searchers with access to two databases: the Municipal Tax Database and the County
Tax Database.  The former facilitates the retrieval of data on property tax rates
set by boroughs, townships, and school districts across the state, and is accessible
at https://munstats.pa.gov/Reports/ReportInformation2.aspx?report=taxes_Dyn_
Excel. The latter stores information on property tax rates established by county gov-
ernments and is accessible at https://munstats.pa.gov/Reports/ReportInformation2.
aspx?report=CountyTaxSummary_Dyn_Excel. Unfortunately, the Municipal Tax Database
contains several missing values and erroneous entries, thereby making it necessary to
perform an extensive manual consistency check. For an alternative source of data
on school district rates, the Department of Education produces annual reports avail-
able for download at https://www.education.pa.gov/Teachers)20-%20Administrators/
School’20Finances/Finances/FinancialDataElements/Pages/default.aspx. Finally,
because individual counties are responsible for carrying out real estate property assess-
ments, the tax base on which rates are computed differs significantly across the state. To

harmonize these values, the Department of Revenue calculates annual Common Level Ra-
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tio Real Estate Valuation Factors. Current and historical data on these harmonization
factors can be accessed at https://www.revenue.pa.gov/TaxTypes/RTT/Pages/Commony,

20Level’,20Ratios.aspx.

D.40 Rhode Island

The Division of Municipal Finance within the Rhode Island Department of Revenue compiles
data on property tax rates established by municipalities and fire protection districts through-
out the state. The corresponding reports can be accessed at https://municipalfinance.

ri.gov/financial-tax-data/tax-rates.

D.41 South Carolina

The South Carolina Department of Revenue does not release consolidated reports pro-
viding an overview of property tax rates set by counties, municipalities, school districts,
and special purpose districts. Instead, these reports are compiled and published by the
South Carolina Association of Counties. Publications dating back to 2009 can be found at
https://www.sccounties.org/research-information/property-tax-rates. For earlier

reports, access was secured by contacting the Association directly.

D.42 South Dakota

The South Dakota Department of Revenue collects and compiles county-level data on prop-
erty tax rates established by all political units in the state. Access to statewide datasets for
the most recent five years is available at https://sdproptax.info/Datalink/Data. For
datasets and reports from earlier years, the requisite information was acquired through the

submission of several Public Records Requests.

D.43 Tennessee

The Division of Property Assessments within the Tennessee Comptroller of the Trea-
sury annually releases reports that encompass data on the property tax rate applica-
ble to each geographical area defined by the intersection of a county with a school dis-

trict, a city, and a special purpose district. Both current and historical reports can be
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downloaded from https://comptroller.tn.gov/office-functions/pa/tax-resources/

assessment-information-for-each-county/property-tax-rates.html.

D.44 Texas

The Texas Comptroller’s Office compiles annual datasets on the property tax rates set
by counties, municipalities, school districts, and special purpose districts across the state.
Datasets for the most recent five years are publicly available at https://comptroller.
texas.gov/taxes/property-tax/rates/. For previous years, similar reports were obtained

via a Public Records Request.

D.45 Utah

The Utah State Tax Commission prepares annual reports on the property tax rates levied
by counties, municipalities, school districts, and special purpose districts across the state.

These reports can be downloaded from https://propertytax.utah.gov/rates/.

D.46 Vermont

The Division of Property Valuation and Review within the Vermont Department of Taxes
issues an annual Property Valuation and Review Annual Report. This comprehensive report
offers extensive insights into Vermont’s property tax system. Accompanying the report
are supplemental datasets, including one specifically detailing property tax rates imposed
by municipalities and special purpose districts. The primary directory for accessing these

annual reports is located at https://tax.vermont.gov/pvr-annual-report.

D.47 Virginia

The Virginia Department of Taxation annually compiles data on the property tax rates estab-
lished by county governments, municipalities, and special purpose districts across the state.
These Local Tax Rates Survey reports can be accessed at https://www.tax.virginia.gov/

local-tax-rates.
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D.48 Washington

The Washington Department of Revenue provides researchers with comprehensive
data on property taxes levied in the state. Detailed datasets outlining prop-
erty tax rates set by counties, municipalities, school districts, and various special
purpose districts are accessible at https://dor.wa.gov/about/statistics-reports/
local-taxing-district-levy-detail. To complement these datasets, a county-by-county

data collection process was undertaken to obtain data on rates applicable to each tax area.

D.49 West Virginia

The Office of the West Virginia State Auditor collects and compiles annual county-level
data on property tax rates set by county governments, municipalities, and school districts
throughout the state. Reports for the most recent ten years are publicly available at
https://www.wvsao.gov/LocalGovernment/Reports. For previous years, similar reports

were obtained via a Public Records Request.

D.50 Wisconsin

The Wisconsin Department of Revenue does not publish consolidated reports detailing prop-
erty tax rates individually levied by counties, municipalities, school districts, and special

purpose districts. These data were obtained by filing several Public Records Requests.

D.51 Wyoming

The Wyoming Department of Revenue annually issues Property Tax Mill Levy by Tax District
Summary reports that provide data on the property tax rates specific to distinct geographical
areas determined by the intersection of multiple local governments. Access to these reports
is available at https://wyo-prop-div.wyo.gov/tax-districts/general-information.
Supplementary data on rates imposed by individual taxing jurisdictions were obtained

through a Public Records Request.
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E State Maps

This section showcases state-level maps of property tax rates at the most granular geographic
level. In general, these rates are not directly comparable across states due to variations in
factors such as the ratio of property assessed value to market value, appraisal standards, and

deductions applicable to specific categories, e.g. homeowners.
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E.1 Alabama

Figure E1: Property Tax Rates (pp) in Alabama in 2020

NotEes: This map displays statutory property tax rates levied in Alabama in 2020. Tax areas are implied
by unique intersections of counties, municipalities, and school districts.
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E.2 Alaska

Figure E2: Property Tax Rates (pp) in Alaska in 2020
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NotEes: This map displays statutory property tax rates levied in Alaska in 2020. Tax areas are implied by
unique intersections of counties, municipalities, boroughs, and unorganized territories.
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E.3 Arizona

Figure E3: Property Tax Rates (pp) in Arizona in 2020
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NoTES: This map displays statutory property tax rates levied in Arizona in 2020. Tax areas are implied
by unique intersections of counties, municipalities, elementary school districts, high school districts, unified
school districts, community college districts, community facilities districts, county improvement districts,
county recreation improvement districts, domestic water improvement districts, downtown development
districts, electrical districts, enhanced municipal services districts, fire protection districts, flood control
districts, health service districts, hospital districts, joint technological education districts, library districts,
maintenance improvement districts, pest abatement districts, redevelopment districts, road improvement dis-
tricts, road improvement maintenance districts, sanitary districts, street lighting districts, water conservation
districts, and water improvement districts.
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E.4 Arkansas

Figure E4: Property Tax Rates (pp) in Arkansas in 2020
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E.5 California

Figure E5: Property Tax Rates (pp) in California in 2020
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NotEes: This map displays statutory property tax rates levied in California in 2020. Tax areas are implied
by unique intersections of counties, municipalities, elementary school districts, high school districts, unified
school districts, air quality management districts, airport districts, cemetery districts, community college
districts, community facilities districts, county service districts, drainage districts, fire protection districts,
flood control districts, garbage districts, health districts, highway districts, hospital districts, irrigation
districts, levee districts, library districts, mosquito and vector control districts, municipal improvement
districts, park and recreation districts, parking districts, pest control districts, police districts, port districts,
public utility districts, resource conservation districts, road improvement districts, sanitary districts, sewer
districts, water districts, water conservation districts, and water reclamation districts.
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E.6

NotEs: This map displays statutory property tax rates levied in Colorado in 2020. Tax areas are implied by unique intersections of counties, munici-
palities, school districts, ambulance districts, business improvement districts, cemetery districts, community college districts, downtown development
authorities, fire protection districts, general improvement districts, health service districts, hospital districts, irrigation districts, law enforcement
authorities, library districts, metropolitan districts, mosquito control districts, park and recreation districts, pest control districts, public improve-
ment districts, road improvement districts, sanitation districts, soil conservation districts, solid waste disposal districts, special improvement districts,
transportation districts, urban drainage and flood control districts, water conservancy districts, water conservation districts, water districts, water and

Colorado

Figure E6: Property Tax Rates (pp) in Colorado in 2020
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E.7 Connecticut

Figure E7: Property Tax Rates (pp) in Connecticut in 2020
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NotEs: This map displays statutory property tax rates levied in Connecticut in 2020. Tax areas are implied by unique intersections of municipalities,
fire protection districts, and special service districts.



E.8 Delaware

Figure E8: Property Tax Rates (pp) in Delaware in 2020
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NoTEs: This map displays statutory property tax rates levied in Delaware in 2020. Tax areas are implied
by unique intersections of counties, municipalities, school districts, and vocational-technical school districts.
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E.9 District of Columbia

Figure E9: Property Tax Rates (pp) in the District of Columbia in 2020
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NotEes: This map displays the statutory property tax rate levied in the District of Columbia in 2020.
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E.10 Florida

Figure E10: Property Tax Rates (pp) in Florida in 2020
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Notes: This map displays statutory property tax rates levied in Florida in 2020. Tax areas are implied
by unique intersections of counties, municipalities, school districts, airport districts, beach erosion districts,
beach nourishment districts, conservation districts, downtown development authorities, drainage districts,
emergency medical services districts, fire protection districts, healthcare districts, hospital districts, improve-
ment districts, lake management districts, library districts, mosquito control districts, municipal services
districts, navigation districts, park and recreation districts, road districts, safe neighborhood improvement
districts, sewer districts, street lighting districts, transportation districts, water districts, water management
districts, and water and sewer districts.
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E.11 Georgia

Figure E11: Property Tax Rates (pp) in Georgia in 2020
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NotEs: This map displays statutory property tax rates levied in Georgia in 2020. Tax areas are implied by
unique intersections of counties, municipalities, school districts, business improvement districts, community
improvement districts, development authorities, emergency medical services districts, fire protection districts,
hospital districts, library districts, municipal services districts, recreation districts, road districts, sanitation
districts, solid waste disposal districts, special service districts, and transit districts.
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E.12 Hawaii

Figure E12: Property Tax Rates (pp) in Hawaii in 2020
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NoTES: This map displays statutory homestead property tax rates levied in Hawaii in 2020. Tax areas are implied by counties.



E.13

NoTes: This map displays statutory property tax rates levied in Idaho in 2020. Tax areas are implied
by unique intersections of counties, municipalities, school districts, ambulance districts, cemetery districts,
community center districts, community college districts, community infrastructure districts, extermination
districts, fire protection districts, flood control districts, hospital districts, library districts, mosquito abate-
ment districts, port districts, recreation districts, road and highway districts, sewer districts, sewer and water

Idaho

Figure E13: Property Tax Rates (pp) in Idaho in 2020
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E.14 Illinois

Figure E14: Property Tax Rates (pp) in Illinois in 2020
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NoTES: This map displays statutory property tax rates levied in Illinois in 2020. Tax areas are implied by

unique intersections of counties, townships, municipalities, elementary school districts, high school districts,
unified school districts, airport authorities, cemetery districts, community college districts, conservation
districts, fire protection districts, flood control districts, forest preserve districts, health districts, hospital
districts, library districts, mass transit districts, mosquito abatement districts, museum districts, park dis-
tricts, rescue service districts, river conservancy districts, road districts, sanitary districts, soil and water
conservation districts, solid waste disposal districts, street lighting districts, water authorities, water districts,
water protection districts, and water reclamation districts.
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E.15 Indiana

Figure E15: Property Tax Rates (pp) in Indiana in 2020
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NotEs: This map displays statutory property tax rates levied in Indiana in 2020. Tax areas are implied by
unique intersections of counties, townships, municipalities, school districts, airport districts, conservancy dis-
tricts, fire protection districts, flood control districts, library districts, redevelopment commissions, sanitary
districts, transportation districts, waste management districts, and water districts.
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E.16 Iowa

Figure E16: Property Tax Rates (pp) in lowa in 2020
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NoTES: This map displays statutory property tax rates levied in Iowa in 2020. Tax areas are implied by unique intersections of counties, municipalities,
townships, school districts, cemetery districts, community college districts, emergency medical services districts, fire protection districts, hospital
districts, lowa State University extension districts, land use districts, municipal improvement districts, recreation districts, regional transit authorities,
rural improvement zones, sanitary districts, street lighting districts, and watershed districts.
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E.17 Kansas

Figure E17: Property Tax Rates (pp) in Kansas in 2020
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NoTES: This map displays statutory property tax rates levied in Kansas in 2020. Tax areas are implied by unique intersections of counties, municipal-
ities, townships, school districts, cemetery districts, community college districts, drainage districts, fire protection districts, hospital districts, Kansas
State University extension districts, library districts, recreation districts, and watershed districts.
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E.18 Kentucky

Figure E18: Property Tax Rates (pp) in Kentucky in 2020

NoTES: This map displays statutory property tax rates levied in Kentucky in 2020. Tax areas are implied by unique intersections of counties,
municipalities, school districts, ambulance districts, community college districts, ditch districts, fire protection districts, flood control districts, municipal
services districts, road districts, solid waste disposal districts, and watershed districts.



E.19 Louisiana

Figure E19: Property Tax Rates (pp) in Louisiana in 2020
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NotEes: This map displays statutory property tax rates levied in Louisiana in 2020. Tax areas are implied
by unique intersections of counties, municipalities, school districts, airport districts, ambulance districts,
cemetery districts, drainage districts, fire protection districts, hospital districts, Louisiana State University
extension districts, levee districts, library districts, mosquito control districts, municipal services districts,
port districts, recreation districts, road districts, sewer districts, solid waste disposal districts, street lighting
districts, transit districts, utility districts, veterans districts, water districts, and water and sewer districts.
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E.20 Maine

Figure E20: Property Tax Rates (pp) in Maine in 2020
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NoTESs: This map displays statutory property tax rates levied in Maine in 2020. Tax areas are implied by
municipalities or unorganized territories.
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E.21 Maryland

Figure E21: Property Tax Rates (pp) in Maryland in 2020
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NotEes: This map displays statutory property tax rates levied in Maryland in 2020. Tax areas are implied by unique intersections of counties,
municipalities, and special service districts.
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E.22 Massachusetts

Figure E22: Property Tax Rates (pp) in Massachusetts in 2020

NoTES: This map displays statutory property tax rates levied in Massachusetts in 2020. Tax areas are implied by unique intersections of municipalities,
fire protection districts, lake maintenance districts, redevelopment authorities, road districts, street lighting districts, water districts, and watershed
districts.



E.23 Michigan

Figure E23: Property Tax Rates (pp) in Michigan in 2020
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NotES: This map displays statutory homestead property tax rates levied in Michigan in 2020. Tax areas
are implied by unique intersections of counties, municipalities, townships, and school districts.
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E.24 Minnesota

Figure E24: Property Tax Rates (pp) in Minnesota in 2020
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NoTES: This map displays statutory property tax rates levied in Minnesota in 2020. Tax areas are im-
plied by unique intersections of counties, municipalities, townships, unorganized territories, school districts,
airport authorities, ambulance districts, economic development authorities, fire protection districts, hospi-
tal districts, housing and redevelopment authorities, metro councils, park districts, port districts, railroad

districts, regional development commissions, rural development authorities, sanitary districts, transit au-
thorities, and watershed districts.
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E.25 Mississippi

Figure E25: Property Tax Rates (pp) in Mississippi in 2020
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NoTES: This map displays statutory property tax rates levied in Mississippi in 2020. Tax areas are implied
by unique intersections of counties, municipalities, and school districts.
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E.26 Missouri

Figure E26: Property Tax Rates (pp) in Missouri in 2020
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Notes: This map displays statutory property tax rates levied in Missouri in 2020. Tax areas are implied
by unique intersections of counties, municipalities, townships, school districts, ambulance districts, commu-
nity college districts, community improvement districts, drainage districts, fire protection districts, hospital
districts, levee districts, nursing home districts, park and museum districts, parking districts, road districts,
Senate Bill 40 districts, sewer districts, special business districts, street lighting districts, transportation
development districts, University of Missouri extension districts, water districts, and watershed districts.
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E.27 Montana

Figure E27: Property Tax Rates (pp) in Montana in 2020

NotEes: This map displays statutory property tax rates levied in Montana in 2020. Tax areas are implied by unique intersections of counties, mu-
nicipalities, elementary school districts, high school districts, airport districts, ambulance districts, cemetery districts, community college districts,
development districts, emergency services districts, fire protection districts, healthcare districts, hospital districts, improvement districts, library dis-
tricts, mosquito control districts, park and recreation districts, planning districts, public safety districts, road districts, sewer districts, soil conservation
districts, street lighting districts, transportation districts, vocational-technical school districts, water districts, water and sewer districts, and weed
control districts.
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E.28 Nebraska
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Figure E28: Property Tax Rates (pp) in Nebraska in 2020
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NotEes: This map displays statutory property tax rates levied in Nebraska in 2020. Tax areas are implied by unique intersections of counties, munici-
palities, townships, school districts, agricultural societies, airport districts, cemetery districts, community college districts, community redevelopment
authorities, drainage districts, educational service units, fire protection districts, historical societies, hospital districts, joint public agencies, library
districts, natural resource districts, offstreet parking districts, road districts, and sanitary and improvement districts.



E.29 Nevada

Figure E29: Property Tax Rates (pp) in Nevada in 2020
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NoTES: This map displays statutory property tax rates levied in Nevada in 2020. Tax areas are implied by
unique intersections of counties, municipalities, school districts, ambulance districts, animal control districts,
emergency medical services districts, fire protection districts, flood control districts, general improvement
districts, health districts, hospital districts, library districts, police districts, power districts, redevelopment
agencies, sewer districts, swimming pool districts, television districts, water conservancy districts, water
districts, water and sewer districts, and weed control districts.
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E.30 New Hampshire

Figure E30: Property Tax Rates (pp) in New Hampshire in 2020
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Notes: This map displays statutory property tax rates levied in New Hampshire in 2020. Tax areas are
implied by unique intersections of municipalities, fire protection districts, street lighting districts, sewer
districts, and water districts.
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E.31 New Jersey

Figure E31: Property Tax Rates (pp) in New Jersey in 2020
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NoTES: This map displays statutory property tax rates levied in New Jersey in 2020. Tax areas are implied
by unique intersections of counties, municipalities, boroughs, and townships.
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E.32 New Mexico

Figure E32: Property Tax Rates (pp) in New Mexico in 2020
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NotEes: This map displays statutory property tax rates levied in New Mexico in 2020. Tax areas are implied
by unique intersections of counties, municipalities, school districts, community college districts, flood control
authorities, hospital districts, sanitation districts, soil and water conservancy districts, water and sanitation
districts, and watershed districts.

132



eel

E.33 New York

Figure E33: Property Tax Rates (pp) in New York in 2020
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NotEes: This map displays statutory property tax rates levied in New York in 2020. Tax areas are implied by unique intersections of counties,
municipalities, school districts, fire protection districts, and other special purpose districts.



E.34 North Carolina

Figure E34: Property Tax Rates (pp) in North Carolina in 2020
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Notes: This map displays statutory property tax rates levied in North Carolina in 2020. Tax areas are implied by unique intersections of counties,
municipalities, school districts, beach nourishment districts, drainage districts, fire protection districts, historical districts, hospital districts, mosquito
control districts, municipal services districts, police districts, recreation districts, rescue service districts, road maintenance districts, sanitation districts,
solid waste disposal districts, water districts, and watershed districts.
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E.35 North Dakota

Figure E35: Property Tax Rates (pp) in North Dakota in 2020

F . =5 . _ Z (24.44]
* T =7 (22.24]
B - : . (21,22]
L JJ | 1 By | . (20,21]
- = . 5 (19,20]
SRERENEE.  LEE (18,19]
ST T LRI E R 1 17 (71
T 11 [ i .l [3,15]
L5
M I ks | u j
U] ”%‘Eﬂ ]\( T 5
| i SN
| (] Eﬁ:ﬁg- 7 .
o s AR =
. : J
Jlviiasty 4
B 2 e g i _
& b . ) 0 T B ]
L | o . . 7 AR i
= = a2
o3 [kl [ -
o LT T
r -
| .
1N
[ ]

NoTES: This map displays statutory property tax rates levied in North Dakota in 2020. Tax areas are implied by unique intersections of counties,
municipalities, townships, school districts, ambulance districts, fire protection districts, park districts, and water resource districts.



E.36 Ohio

Figure E36: Property Tax Rates (pp) in Ohio in 2020
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NoTES: This map displays statutory property tax rates levied in Ohio in 2020. Tax areas are implied by
unique intersections of counties, municipalities, townships, school districts, ambulance districts, cemetery
districts, community college districts, fire protection districts, health districts, library districts, mental health
districts, metropolitan park districts, park districts, police districts, port authorities, recreation districts,
road districts, transit authorities, vocational-technical school districts, and water and sewer districts.
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E.37 Oklahoma

Figure E37: Property Tax Rates (pp) in Oklahoma in 2020
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NoTEs: This map displays statutory property tax rates levied in Oklahoma in 2020. Tax areas are implied by unique intersections of counties,
municipalities, school districts, emergency medical services districts, fire protection districts, and vocational-technical school districts.
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E.38 Oregon

Figure E38: Property Tax Rates (pp) in Oregon in 2020
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Nortes: This map displays statutory property tax rates levied in Oregon in 2020. Tax areas are implied by unique intersections of counties, municipali-
ties, school districts, airport districts, animal control districts, cemetery districts, community college districts, education service districts, fire protection
districts, health districts, law enforcement districts, library districts, Oregon State University extension service districts, park and recreation districts,
port districts, road districts, sanitary districts, service districts, street lighting districts, transportation districts, vector control districts, water control
districts, and water districts.
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E.39 Pennsylvania

Figure E39: Property Tax Rates (pp) in Pennsylvania in 2020
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NoTEs: This map displays statutory property tax rates levied in Pennsylvania in 2020. Tax areas are implied by unique intersections of counties,
municipalities, townships, boroughs, and school districts.



E.40 Rhode Island

Figure E40: Property Tax Rates (pp) in Rhode Island in 2020
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NoTEs: This map displays statutory property tax rates levied in Rhode Island in 2020. Tax areas are
implied by unique intersections of municipalities and fire protection districts.
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E.41 South Carolina

Figure E41: Property Tax Rates (pp) in South Carolina in 2020
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NoTES: This map displays statutory property tax rates levied in South Carolina in 2020. Tax areas are implied by unique intersections of counties,
municipalities, school districts, drainage districts, emergency medical services districts, fire protection districts, hospital districts, library districts,
public service districts, recreation districts, road districts, sewer districts, solid waste disposal districts, street lighting districts, water districts, water
and sewer districts, and watershed districts.
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E.42 South Dakota

Figure E42: Property Tax Rates (pp) in South Dakota in 2020
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NoTES: This map displays statutory property tax rates levied in South Dakota in 2020. Tax areas are implied by unique intersections of counties,

municipalities, townships, school districts, fire protection districts, library districts, road districts, and water districts.
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E.43 Tennessee

Figure E43: Property Tax Rates (pp) in Tennessee in 2020
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NotEes: This map displays statutory property tax rates levied in Tennessee in 2020. Tax areas are implied by unique intersections of counties,
municipalities, school districts, fire protection districts, and special school districts.



E.44 Texas

Figure E44: Property Tax Rates (pp) in Texas in 2020
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NotEes: This map displays statutory property tax rates levied in Texas in 2020. Tax areas are implied by
unique intersections of counties, municipalities, school districts, community college districts, development
districts, drainage districts, education districts, emergency services districts, flood control districts, hospital
districts, improvement districts, levee improvement districts, library districts, limited districts, management
districts, metropolitan park districts, municipal utility districts, navigation districts, port districts, river au-
thorities, road districts, solid waste management districts, utility districts, water conservation districts, water
conservation and reclamation districts, water control and improvement districts, water districts, watershed

districts, and weed control districts.
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E.45 Utah

Figure E45: Property Tax Rates (pp) in Utah in 2020
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Notes: This map displays statutory property tax rates levied in Utah in 2020. Tax areas are implied by
unique intersections of counties, municipalities, school districts, cemetery districts, fire protection districts,
flood control districts, hospital districts, library districts, mosquito abatement districts, park and recre-
ation districts, public infrastructure districts, service areas, sewer districts, special service districts, water
conservancy districts, and water districts.
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E.46 Vermont

Figure E46: Property Tax Rates (pp) in Vermont in 2020
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NotESs: This map displays statutory homestead property tax rates levied in Vermont in 2020. Tax areas are
implied by unique intersections of municipalities, downtown improvement districts, fire protection districts,
police districts, and special service districts.
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E.47 Virginia

Figure EA7: Property Tax Rates (pp) in Virginia in 2020
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NotEes: This map displays statutory property tax rates levied in Virginia in 2020. Tax areas are implied by unique intersections of counties and
municipalities.
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E.48 Washington

Figure E48: Property Tax Rates (pp) in Washington in 2020
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NotEes: This map displays statutory property tax rates levied in Washington in 2020. Tax areas are implied by unique intersections of counties,
municipalities, school districts, affordable housing districts, cemetery districts, emergency medical services districts, ferry districts, fire protection
districts, flood control districts, hospital districts, library districts, metropolitan park districts, mosquito control districts, park and recreation districts,
port districts, public utility districts, road districts, sewer districts, transportation districts, and water districts.
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E.49 West Virginia

Figure E49: Property Tax Rates (pp) in West Virginia in 2020
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NoTES: This map displays statutory property tax rates levied in West Virginia in 2020. Tax areas are implied by unique intersections of counties and
municipalities.



E.50 Wisconsin

Figure E50: Property Tax Rates (pp) in Wisconsin in 2020
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NotEs: This map displays statutory property tax rates levied in Wisconsin in 2020. Tax areas are implied
by unique intersections of counties, municipalities, elementary school districts, high school districts, unified
school districts, lake management districts, metro sewer districts, sanitary districts, and technical college
districts.
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E.51 Wyoming

Figure E51: Property Tax Rates (pp) in Wyoming in 2020
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NoTES: This map displays statutory property tax rates levied in Wyoming in 2020. Tax areas are implied by unique intersections of counties,
municipalities, school districts, cemetery districts, community college districts, conservation districts, downtown development authorities, fire protection
districts, hospital districts, improvement and service districts, museum districts, rural healthcare districts, senior citizen services districts, sewer districts,
solid waste disposal districts, water conservancy districts, water districts, water and sewer districts, and weed and pest control districts.
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