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Abstract

This paper presents a new dynamic Tiebout model and uses it to revisit a classic
argument in state and local public finance. The argument, due to Hamilton (1975),
is that a system of local governments financing service provision via property taxes
will produce an efficient allocation of both housing and services if governments can
implement zoning ordinances. In the model, it is shown analytically that when lo-
cal governments choose zoning along with taxes and services there does not exist an
equilibrium that is both efficient and satisfies a local stability property. It also shown
using numerical methods that there exists an equilibrium in which governments over-
zone and households are forced to over-consume housing. These findings challenge the

Benefit View of the property tax.

*An earlier version of this paper was entitled “Property Taxation, Zoning, and Efficiency: A Dynamic
Analysis”. We are grateful for comments from four anonymous referees, Dennis Epple, Andrea Prat, Richard
Romano, Dan Silverman and seminar participants at University of Exeter, Harvard University, University of
Miami, University of Pennsylvania, University of Toronto, and the CIRPEE Workshop on Political Economy.



1 Introduction

This paper presents a new dynamic Tiebout model and uses it to revisit a classic issue in
state and local public finance. The importance of introducing dynamics into Tiebout models
has long been recognized, but the problem is challenging.! The model presented here, in
standard Tiebout fashion, features multiple communities and households who choose between
them. The size of each community is determined by its housing stock which can vary over
time. Housing stocks are variable because new construction is possible and, in each period,
part of a community’s housing stock is lost to depreciation. Housing is owned by residents
and new construction is supplied by a competitive construction sector. Public policies in
each community are chosen each period by the residents of the community. When choosing
policies, residents anticipate how they will impact their property values as well as the future
composition of their communities.

The model has the potential to be used to analyze numerous issues in state and local
public finance. The issue focused on in this paper is Hamilton’s argument that a system
of local governments financing public service provision via property taxes will produce an
efficient allocation of both housing and services if local governments can implement zoning
ordinances (Hamilton 1975).% This is not only an interesting argument from a theoretical
viewpoint but it has also been very influential. In particular, it has given rise to the so-called
Benefit View which argues that the property tax should be seen as a non-distortionary and
non-redistributive user charge for public services.®> The results from our model highlight
forces that work against Hamilton’s argument and provide a novel critique of the Benefit
View.

To explain what the model allows us to do and the new forces it reveals, it is helpful
to briefly review Hamilton’s argument. Note first that his conclusion is surprising since

basic economic intuition suggests property taxes will distort both housing choices and public

! There are only a small number of papers considering dynamic models in which households choose between
communities. Examples include Benabou (1996), Conley, Driskill, and Wang (2013), Epple, Romano, and
Sieg (2012), and Glomm and Lagunoff (1999). Moreover, in these models, either there is no housing (i.e.,
households occupy a piece of land) or the supply of housing in the communities is exogenous.

2Tn the U.S., public services like education, police, and libraries, are provided by local governments whose
primary source of revenue has traditionally been the property tax. Given this, the efficiency properties of a
system of local governments financing public service provision via property taxes have long been of interest.
For a history of the use of the property tax in the U.S. see Wallis (2001).

3The Benefit View is distinct from the New View that argues that the property tax encourages capital
to move away from the housing sector to other sectors. This shift produces a lower quality housing stock in
the long run. Moreover, if the national supply function of capital is upward sloping, the equilibrium price
of capital will fall so that some of the incidence of the property tax will fall on capital owners. For a formal
exposition of the New View see Zodrow and Mieszkowski (1986). For discussion and further debate see
Fischel (1992, 2001a, 2001c), Mieszkowski and Zodrow (1989), Nechyba (2001) and Zodrow (2001a, 2001b).



service levels. Housing choices will be distorted because households will seek lower quality
houses to avoid taxation. Public service levels will be distorted because households will base
their demand for services on the tax price which will not typically reflect the true price. If
the decisive voter in a community has a house less valuable than the average property, his
tax price will be lower than the true price, and services will be over-provided. By contrast,
services will be under-provided when the decisive voter’s house is of above average value.

Hamilton’s argument is that through zoning, local governments can establish minimum
housing qualities for their communities. Households then sort into communities based on
their desired housing quality levels. Nobody will build a higher quality house than the
minimum permitted, since they would be better off building such a house in a more tightly
zoned community in order to get a lower tax price. Thus, in equilibrium, communities
will comprise of homogeneous properties. Homogeneity implies that in equilibrium, in all
communities, the tax price faced by voters equals the true price and services will be provided
efficiently. Property taxes will be benefit taxes in that each household’s tax bill exactly
equals the cost of the services it consumes. Benefit taxes lead households to choose between
communities efficiently.

Hamilton does not specify a precise model of how communities set their zoning ordi-
nances and public service levels. Rather, he simply assumes that households face a set of
communities offering a full range of policies. As first noted by White (1975), this begs the
question of what options would be available to households in equilibrium. While subsequent
literature has attempted to clarify the issue, the task is difficult because the problem has a
natural dynamic structure. Zoning ordinances are chosen by existing residents and impact
only new construction. It is therefore through its effect on new construction that zoning
determines the composition of communities and housing prices. However, the literature em-
ploys static models in which distinctions between existing and future residents and old and
new construction are hard to capture.

The dynamic structure of the model presented in this paper allows the impact of zoning
on both new construction and the existing stock of housing to be captured. In particular, it
captures the key grandfathering characteristic of zoning whereby existing property is exempt
from regulation. When choosing zoning, existing residents anticipate how it will impact the
value of their properties and also the tax price and level of services in their community.
Existing residents would like to boost the value of their homes, while at the same time
lowering their tax price of services and keeping service levels in line with their preferences.
The paper shows that the incentives created by these considerations imply that there does
not exist an equilibrium with endogenous zoning which has a steady state that is efficient

and satisfies a local stability property. This result directly contradicts Hamilton’s argument



and the Benefit View of the property tax.

The basic intuition for this result is simple. In an efficient steady state communities will
be stratified according to their housing qualities. A full mix of housing qualities is necessary
for efficiency. Consider the community with the lowest quality housing and imagine that
it deviated from the equilibrium by imposing more stringent zoning. In the short run, this
would raise the prices of existing low quality homes by restricting supply. It would have no
adverse effect on the tax price of services in the community, because the only homes that
could be built in the community would be of higher quality than the existing stock and thus
command a higher price. Thus, in the short run all existing residents would benefit from
deviating from the equilibrium. In the long run, matters are more complicated because the
deviation could create future policy changes in other communities that might be harmful.
However, if the equilibrium satisfies a local stability property, such harmful future policy
effects can be ruled out.

This negative finding naturally raises the question of what will happen in the long run
when zoning decisions are endogenous. To shed light on this question, the paper develops a
numerical approach to compute equilibria of the model. With the parameters set at empiri-
cally reasonable values, an equilibrium exists which exhibits over-zoning. In this equilibrium,
households are forced to over-consume housing in the long run. Equilibrium welfare is ac-
tually lower with zoning than without. Interestingly, in this equilibrium, communities are
homogeneous in steady state so that property taxes are benefit taxes and service levels are
efficient. This component of the Benefit View of the property tax is therefore upheld. The
problem is that housing decisions are distorted directly by zoning.

As noted earlier, the model presented here could be applied to address many different
issues. We focus on zoning because it is a relatively simple policy with obvious dynamic
consequences. There are many other policies that communities have to choose with dynamic
consequences. These include investments in durable public goods (parks, roads, schools, etc),
bond issues, subsidies/taxes on new construction, and subsidies to attract firms to locate in
the community. When considering such policies, residents will have a keen eye on how they
impact their property values as well as their tax bills and benefits from public goods and
services. This is precisely what the model can capture.

The organization of the remainder of the paper is as follows. Section 2 identifies related
literature and Section 3 introduces the model. Sections 4 and 5 set the stage by discussing
equilibrium with no zoning and with exogenous zoning. The heart of the paper is Section 6
which considers endogenous zoning. This section presents the inefficiency result, the numer-
ical analysis, and discusses the implications of the findings for the Benefit View. Section 7

argues that the results are robust to allowing more communities. Section 8 identifies some



of the other issues the model could be used to analyze and Section 9 concludes.

2 Related literature

The paper relates to two distinct literatures. The first is the state and local public finance
literature on Tiebout models. In a seminal paper, Tiebout (1956) suggested that the mech-
anism of households “voting with their feet” by choosing between communities on the basis
of their public service-tax packages could improve allocative efficiency. His idea was that
households would sort into communities with others who had similar demands for services
and this sorting would create gains in public service surplus. Since then, a large theoretical
literature has developed exploring this basic idea.*

Tiebout’s analysis assumed that local governments financed service provision by head
taxes. Since head taxes are rarely part of the public finance landscape, the literature quickly
developed Tiebout models incorporating property tax finance. There are two varieties, dis-
tinguished by their assumptions about housing supply. Both assume that households have
preferences defined over housing, private consumption, and public services, that communities
finance service provision by a proportional tax on housing, and that service levels are cho-
sen collectively by residents. The first variety assumes that housing is supplied by absentee
landlords according to exogenously given supply schedules (for example, Epple, Filimon and
Romer 1984). In these models, households are best interpreted as renters. The second vari-
ety assumes that the housing stock is fixed and owned by residents (for example, Hamilton
1976 and Nechyba 1997). Property taxation complicates Tiebout sorting because the tax
price of services is below the true price for households who consume relatively less housing.
This makes it attractive for households to live in communities where they consume relatively
less housing. In the first variety, this force makes it difficult to find stable allocations of
households across communities. In the second, it results in capitalization: small houses in
communities with a larger fraction of large houses cost more.?

The dynamic model presented here builds on these static Tiebout models with property
taxation. It follows the second variety in assuming existing houses are owned by residents.
However, new houses can be built by competitive construction firms. In the spirit of the first

variety, the location of new construction is influenced by the existing mix of homes in the

4For an excellent review of this literature see Ross and Yinger (1999).

>The difficulties in finding stable allocations in the first variety of model can be overcome with appropriate
assumptions. Epple, Filimon and Romer (1993) prove the existence of equilibrium in a model in which
households have identical preferences and different income levels. Equilibrium involves communities stratified
by income levels. Lower income households do not wish to live in higher income communities even though
the tax price of services is lower, because the overall spending on services is higher than they would like. As
shown by Nechyba (1997), in the second variety of model equilibrium exists under general conditions.

4



communities as this determines the tax price of services.

The second related literature is that on zoning.® The traditional justification for zoning
is to deal with externalities. Such externality zoning can, for example, prevent over-crowding
of communities. However, it has long been recognized that zoning can be employed to alter
the allocation of the costs of public services between existing residents and newcomers or
outsiders, a practice known as fiscal zoning.” Hamilton’s work highlights a normatively
attractive aspect of such zoning by showing how it could be used to overcome the problem
of newcomers paying less than their fair share of services by buying cheaper houses. But,
as emphasized by White (1975), zoning might also be used to force newcomers to pay more
than their fair share, a practice she refers to as fiscal-squeeze zoning. In addition, zoning
could be used by existing residents to increase the value of their homes by restricting supply,
which White calls scarcity zoning. These abuses of zoning might give rise to over-zoning
(Davis 1963), whereby the supply of housing is inefficiently restricted. This paper’s dynamic
model captures the distributional conflict between existing residents and newcomers, and
permits a unified treatment of the use of zoning to manipulate both housing prices and the
surplus obtained from public services.

There are two prior studies of zoning in Tiebout models with property taxes and these
represent the closest antecedents to this paper.® Fernandez and Rogerson (1997) study the
impact of zoning in a two-community model of the variable housing supply variety. They
assume households differ in their income levels and that housing and public services are
normal goods. They model zoning as a minimum housing level and assume that only one
community imposes it. They first study the impact of an exogenous zoning requirement
and then analyze an endogenously determined level. They assume residents first choose a
community to live in, then collectively choose policies, and finally choose housing and private
consumption. They study how the incorporation of zoning impacts allocations and household
welfare.

Fernandez and Rogerson choose parameters so that, without zoning, their two communi-
ties are stratified by income levels. Their numerical analysis suggests that the introduction
of exogenous zoning that makes the richer community more exclusive benefits the richest
households and hurts the poorest. For households in the middle of the income distribution,

welfare changes are complex and non-monotonic in income. With endogenous zoning, they

6For an excellent introduction to zoning and other land-use regulations see Fischel (1999).

See, for example, Margolis (1956). Zoning may also be motivated by the desire to change the type of
household entering the community. Residents may believe requiring new houses to have large lots will attract
a better class of resident. This may reduce crime and yield better peer groups in schools. This is referred to
as exclusionary zoning and is analyzed in Oates (1977) and Calabrese, Epple and Romano (2006).

8See also Pogodzinski and Sass (1994) who present a theoretical framework to underpin their empirical
investigation of the impact of zoning on housing values.



discover a potential problem with the existence of a majority-preferred zoning level in the
richer community. When equilibrium exists, their numerical analysis suggests that the richer
community chooses a zoning level that makes it more exclusive than without zoning. Taxes
and the quality of public services rise in both communities, as zoning shifts the lower income
households from the richer community into the poorer community. The welfare effects are
as in the case of exogenous zoning.

A limitation of the Fernandez and Rogerson analysis, is that communities are fixed by
the time zoning decisions are made so that their impact on community composition is not
captured. To address this, Calabrese, Epple and Romano (2007) incorporate zoning in a dif-
ferent way. Households first choose an initial community of residence, which is committed by
a purchase of land and then residents collectively choose zoning and property taxes for their
communities. Existence problems are dealt with by assuming that residents elect a leader to
choose policy rather than directly vote over policies. After these policy choices, households
revisit their choice of community and purchase housing and consume public services in their
new community. This quasi-dynamic structure means that residents anticipate the impact
of their decisions on land prices and community composition.

Calabrese, Epple and Romano also assume that households differ in their income levels
and that housing and public services are normal goods. However, they choose parameters
so that their communities are identical without zoning. Stratification by income levels does
not take place because poor households prefer to live in rich communities to benefit from
the lower tax price of services. With zoning, there is stratification, with higher income
communities having stricter minimum housing requirements. Calabrese et al’s numerical
analysis shows that zoning leads to aggregate welfare gains because it reduces distortions
not only in public service provision but also in housing consumption. The richest households
benefit from zoning, while the poorest are made worse off. In the spirit of Hamilton (1975),
the equilibrium with zoning generates an aggregate welfare level that is only slightly lower
than that arising when communities can impose head taxes.

The advance of this paper’s model over these works lies in its dynamic structure. This
allows the impact of zoning on the value of the existing stock of housing to be captured.
While in Calabrese et al’s quasi-dynamic set-up households anticipate how zoning impacts
the value of their land, all housing is produced after zoning ordinances have been decided.
The dynamic structure also allows the key grandfathering characteristic of zoning whereby
existing property is exempt from regulation to be captured. By contrast, in the models of
Fernandez and Rogerson and Calabrese et al, households are bound by the constraints that

they impose.



3 A dynamic Tiebout model

3.1 The model

Consider a geographic area consisting of two communities, indexed by i € {1,2}. The
time horizon is infinite, with periods indexed by t € {0, ....,00}. A constant population of
households of size 1 need to reside in the area, but there is turnover, so that in each period
new households arrive and old ones leave. The probability that a household residing in the
area will need to remain there in the subsequent period is . Thus, in each period, a fraction
1 — p of households leave the area and are replaced by an equal number of new ones.”

The only way to live in the area is to own a house in one of the communities.!® Houses
come in two types, large and small. Houses are durable, but a fixed fraction d of the stock
in each community is destroyed at the beginning of each period.!! This fraction is assumed
to be less than 1 — pu, so that households face a higher probability of having to leave the
area than of having their houses destroyed. New houses can be built in each period and the
cost of building a house of type H € {L,S} is Cy where Cf, exceeds Cs. Each community
has enough land to accommodate a population of size 1 and land has no alternative use.!'?
The stock of houses of type H in community ¢ at the beginning of a period is denoted
Op; and new construction is denoted Npg;. Construction takes place at the beginning of
each period following the destruction of existing homes. Thus, post construction, there are
(1—d)Op;+ Ng; type H houses in community i. New and old houses are perfect substitutes.

A public service is provided in each community. The service level in community i is
denoted g;. The cost of the service is cg; per household.

Each household receives an exogenous income of y per period.'* When living in the area,
households have preferences defined over housing, public services, and private consumption.

They differ in their preferences for large houses which are measured by the parameter 6.

9We have in mind that households leave for reasons to do with employment opportunities or changes in
family circumstance.

10The model does not “micro-found” why households cannot rent houses. The usual assumption is that
moral hazard issues in the maintenance of the house make owning the more efficient arrangement. Obviously,
if households were renters they would have different incentives with respect to property values. On these
issues see Ortalo-Magne and Prat (2011).

"This assumption follows Glaeser and Gyourko (2005) and is necessary to get turnover of the housing
stock. Given the constant population, if all houses were infinitely durable there would be no dynamics. By
housing being “destroyed”, we have in mind both literal destruction by floods, hurricanes, fires, or termites,
and also houses being torn down because of decay due to the passage of time.

12This implies that the supply of housing in each community is perfectly elastic over the relevant range
which is in the spirit of Hamilton’s assumptions. The model can be extended to allow land not used
for housing to have some constant productivity in agricultural use. This complicates notation without
fundamentally changing the insights from the analysis.

13There are no income effects, so income heterogeneity can be introduced without changing the results.



A household of type 6 with private consumption x and services g obtains a period payoff
of 6 +x + B(g) if it lives in a large house and x + B(g) if it lives in a small house. The
service benefit function B(g) is twice continuously differentiable, increasing, strictly concave,
and satisfies the Inada conditions. When not living in the area, a household’s payoff just
depends on its private consumption. Households discount future payoffs at rate 6 and can
borrow and save at rate 1/§ — 1. The range of preference types is [0, 0] and the distribution
is described by the cumulative distribution function F'(f). This function is assumed to be
increasing and continuously differentiable on the interval [0, 0] and the upper bound of the
support 0 is assumed to exceed (1 — §(1 — d))(Cf, — Cs). These assumptions imply positive
demand for both types of houses in an efficient allocation.

There are competitive housing markets in both communities which open at the beginning
of each period. Demand comes from new households moving into the area and remaining
residents who need new houses or who want to move. Supply comes from owners leaving
the area, residents who want to move, and new construction. Construction is supplied by
competitive construction firms. The price of houses of type H in community ¢ is denoted
Py;. The price Py; can fall below the replacement cost C'y if demand at this price falls short
of the existing stock (1 — d)Op;.

Service provision in each community ¢ is financed by a proportional tax 7; on the value
of property >, Pui [(1 — d)Opi + Ng;). Each community must balance its budget in each
period implying that

7i Y Pui[(1 = d)Opn;i + Nui = cg: > [(1 = d)Omi + Nui] i € {1,2}. (1)

The level of service provision in any period is chosen collectively by the residents of the
community that period. The service level preferred by a majority of residents is implemented.

The timing of the model is as follows. Each period begins with a stock of houses O =
(Or1,0s1,0r12,0s2) of aggregate size 1. At the beginning of the period, a fraction d of
the housing stock is destroyed.'* In addition, existing residents learn whether they will be
remaining in the area and new households join the pool of residents.!> Housing markets
open, housing prices P = (Pp1, Ps1, Pra, Ps2) are determined, and new construction N =

(N1, Ns1, Nia, Ngo) takes place. The total amount of construction must equal d.' The

Each house is equally likely to be destroyed. While it would be more realistic to assume that older
houses were more likely to be destroyed, introducing this feature would require keeping track of the age of
each house and allowing for age-dependent housing prices. This would make the model much less tractable.

15Tt should be stressed that the new households have the same #-type distribution as those leaving the
pool.

16Underlying this assertion is the implicit assumption that the demand for large houses is not sufficiently
strong that a significant fraction of buyers would prefer to buy a large house at price Cr, than take a small



housing market activity determines the post-construction housing stocks (1 — d)O + N.
Residents then choose the public service levels g; and g, which determine the property tax
rates 71 and 7o. The next period begins with the stock of houses O’ = (1 — d)O + N.

3.2 Discussion

The model just presented makes many simplifying assumptions. Some of these are made
to craft our critique of Hamilton’s argument in the most economical manner and can easily
be relaxed. Others are more fundamental to the approach. In the former category is the
assumption that households have identical preferences for public services. This assumption is
made because it allows us to address Hamilton’s argument in a two community model. Recall
that Hamilton assumes that there are enough communities to accommodate each possible
desired housing-public service bundle. With two house types and uniform public service
preferences, two communities are sufficient. With two types of public service preferences, we
need four communities; with three types, we need six; etc. Of course, for many questions in
state and local public finance, it is essential to allow households to have different preferences
for the public service. This can be done by introducing an additional taste parameter ( and
assuming that a type (6, () household with private consumption = and services g obtains a
period payoff of 0 + = + (B(g) if it lives in a large house and x + (B(g) if it lives in a small
house.

A further assumption made just to be consistent with Hamilton is that the cost of pro-
viding services to a household is independent of the size of the community. This assumption
eliminates concerns about optimal community size. It is important for Hamilton’s argument
because it allows households with different desired housing-public service bundles to be ac-
commodated in their own communities. If say, the average cost of providing services were
u-shaped, different household types may need to be combined together to realize economies
of scale in service provision. This would directly undermine Hamilton’s argument. It is
certainly possible to introduce u-shaped average costs and other agglomeration effects into
the model and we discuss this further in Section 8.

A more fundamental assumption is that utility is linear in private consumption. This
assumption implies that households do not care about risk or the inter-temporal allocation
of their consumption. As we will see, it makes households’ demand for housing very simple
in that it just depends on this and next period’s house prices, this period’s taxes and public
services, and their tastes for housing. This simplicity permits a clean focus on the collective

decisions of communities. Without this assumption, a household’s demand for housing and

house for a zero price.



public services would depend upon its wealth which would in turn depend on the value of
its house. Accounting for each household’s wealth in the set of state variables would make
the model much less tractable.

One consequence of this linearity assumption is that it removes income effects from the
model. This jars with the literature since the sorting of different income groups across
communities is a major focus of static Tiebout models with property taxation. Indeed, the
standard assumption in the literature is that households differ only in their income levels
and that housing and public services are normal goods. Under appropriate conditions, this
assumption will yield communities stratified by income levels. Nonetheless, similar results
can be obtained in this model by introducing heterogeneity in both housing and public
service preferences as discussed above and interpreting households with stronger preferences

for housing and public services as higher income households.

4 Equilibrium with no zoning

We begin our study of the model by analyzing what would happen without zoning. This will
clarify the distortions created by property taxation that zoning is supposed to overcome. We
first define what is meant by an equilibrium and then discuss some properties of equilibrium.
Next we study steady states and discuss the existence of equilibrium and convergence to

these steady states. Finally, we discuss the efficiency of these steady states.

4.1 Definition of equilibrium

The model has a recursive structure. The state can be summarized by the stock of houses
O.'T Given this stock, the housing market determines prices and new construction and we
recognize this dependence by writing P(O) and N(O). The prices P(O) and post-construction
housing stock (1 — d)O + N(O) then determine the tax bases of the two communities and
these in turn determine public service levels (g1(0), g2(O)) and tax rates (71(0), 72(0O)).
Households understand what prices, construction, services, and taxes will be given any initial
state O. They also understand that next period’s stock of houses will be given by O’ =
(1 —d)O 4+ N(O). They treat all these aggregate relationships as exogenous and beyond

their control.

17Under our assumptions of no income effects and costless mobility, the allocation of homes among house-
holds does not impact market outcomes or policy determination. Thus, it is not necessary to keep track of
this allocation as a state variable.
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Decisions of households At the beginning of any period, after housing has been destroyed
and the pool of residents determined, households fall into two groups: those who resid