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1. Introduction.

The analogy between competition among firms in jgliog private goods and “Tiebout (1956)
competition” among jurisdictions in providing logaliblic goods is central to the economic
study of local public finance. The basic ideahistthousehold mobility will induce jurisdictions
to provide efficient mixes of local public goodsdaiaxes, or they will fail to attract residents.
Beginning with the pioneering work of Oates (196972), a large literature examines when the
analogy is sufficiently compelling so that interigdictional competition is efficient and the
nature of departures from efficiency when thesdlitimms are not fulfilled. For efficiency,
essentially the tax system and housing-market pnoest control any externalities in residential
choice with also efficient governmental choiceld tevels of the local public goods. While
standard models frequently fail to meet the coadgifor efficiency, economic intuition suggests
that some Tiebout competition is better overalhthane: The alternative of uniform centralized
provision will do nothing to match heterogeneousf@rences to provision of local public goods.
This paper challenges this intuition, showing tirapractice, inefficiencies in Tiebout
competition are large. Indeed, results from bottbcaed and estimated models suggest that the
inefficiencies arising from decentralization arecomparable magnitude to the preference-
matching benefits of decentralization. Thus, rathan producing gains, decentralization may
well result in aggregate welfare losses.

The model we consider is not contrived metropolitan area is made up of multiple
jurisdictions with given boundaries. Household$ediby income and a taste parameter with
utility function over numeraire consumption, hogsconsumption, and the level of the local
congested public good (e.g., per student educadtexpeenditure). The local public good is
financed by a property tax that is chosen by migjmote of residents of the jurisdiction.

Households choose where to reside, and then vabeinjurisdiction and consume. Our

Theoretical papers inspired by Tiebout (1956) includel&bn (1971), Buchanan and Goetz (1972), Hamilton
(1976), Oates (1977), Stiglitz (1977), Westhoff (19T¥Whoders (1978), Rose-Ackerman (1979), Wildasin
(1979,1980), Starrett (1980), Bewley (1981), Boadwag2).9Brueckner (1983), Gordon (1983), Epple, Filimon
and Romer (1984,1991), Scotchmer (1986), deBartolome J;1B8Aabou (1993,1996), Goodspeed (1995),
Fernandez and Rogerson (1996,1998), Wilson (1997), Mecti®97,1998), Epple and Romano (2003), and
Calabrese, Epple, and Romano (2007). See Rubinfeld (198%) farly survey and Epple and Nechyba (2004) and
Scotchmer (2002) for more recent surveys of this literatndefor many more important papers on this topic.

2 We work with the “standard Tiebout model,” which, of @®jrabstracts from elements like commuting costs that
are of interest to consider. We discuss various extengidhe analysis in the concluding section. More
importantly, the model has been shown to fit well the dataseries of papers (Epple and Sieg, 1999, Epple,
Romer, and Sieg, 2001, and Calabrese, Epple, Romer, and @éy, Ve employ estimates from this research in
Section 5, where the specification is reviewed.
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findings regard cases when an income-stratifiedlibgum exists, i.e., when a Tiebout-type
equilibrium arises.

We show computationally that welfare in aggregateasured by aggregate
compensating variation, is lower than in the analsgcentralized equilibrium with the same
political process for realistically specified pamters. We go on to show the same holds in an
estimated model of the Boston metropolitan are& K\bw a priori that the Tiebout equilibrium
will not be Pareto Efficient. First, majority cloei of the tax level satisfies a median resident’s
preference and will not generally satisfy the Sasargan condition for efficient provision of
the local public good. Second, the property &@xses a distortion in the housing market, while
a head tax would be non-distorting and efficieflird, the latter distortions imply externalities
in individual residential choice. With local hetackes chosen efficiently and equilibrium
household choices of jurisdictions, the modifiedbidut allocation would generate substantial
welfare gains. With the imperfect system, thedemial welfare gains are not just lost, but are
frequently reversed. We provide computational ena® that the most costly inefficiency is the
externality in residential choices. Too many tigky poorer households move into richer
jurisdictions. Efficient sorting would be more é&x@ive than arises in equilibrium. It is rather
surprising that getting part way to an efficiene@out allocation is frequently less efficient than
no sorting.

Section 2 provides a simple example that illussatur key finding. Section 3 presents
the theoretical model and associated positive anchative properties. A calibrated
computational model is analyzed in Section 4. @sttmated model and associated welfare
calculations are presented in Section 5, along digbussion of some related analysis. Section
6 concludes. An appendix contains some proofs.

2. A Simple Example.

We begin with a brief summary of a simple exampb ts not intended to be realistic but
illustrates our key finding. This example confortnghe theoretical model developed in detail
in the next section so any elements that may bkeanbere will be explained fully. We
compare a centralized equilibrium where all housishtive in one jurisdiction and choose by
majority vote a property tax to provide uniform pigion of a congested public good to a

Tiebout equilibrium where households choose betviwerjurisdictions each of which chooses

3 As described in detail below, such an equilibrium wilse for realistic parameter values when standard single-
crossing conditions are satisfied.
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by majority vote of residents a local property taxlocal provision of the congested public
good.

In the simple example, 2/3 of the population afi$eholds are poor with income of
$25,000 and the remaining are rich with incomeldi®000. Households have CES utility
function over housing services, the public goodl anmeraire (composite private good)
consumption, with parameters in Table 1 preseratedt.| In the centralized equilibrium, housing
services are competitively supplied with constaastecity of supply equal to 3. Centralized
equilibrium has price per unit of housing serviegsal to $16.74, a tax rate per unit of housing
services equal to about 35%, and per householdsioovof the public good equal to $3,490.
Taxes collected from poor households are $1,745rand rich households are $6,980, the
difference due, of course, to different levels @igsumption of housing services.

In the Tiebout equilibrium, the two jurisdictioeach have one-half the land area,
splitting the supply of housing services equallyween the jurisdictions. The poor jurisdiction
contains all poor households consisting of 49%heftbtal population, and the remaining poor
and rich reside in the richer jurisdiction. A pdausehold is the pivotal voter in the former
jurisdiction and a rich household is the pivotaleran the latter. Rounding, the property tax
rates remain 35% in each jurisdiction, but thehmersehold public good expenditure equals
$1,758 in the poor jurisdiction and $5,217 in tlober jurisdiction. The net prices of housing
services ascend from $14.03 to $18.60. In thesriprisdiction, taxes collected from poor
households are $1,762 while $7,047 from rich hoolsish

Everyone is worse off in the Tiebout equilibriungluding land owners who are
absentee in the modelt is not surprising that the poor are worsesifice they cannot so easily
free ride on the rich. The short answer as to thieyrich are worse off is that the sorting
mechanism, housing prices, is very inefficient: Tieeal externality born by the rich from the
poor who move into the rich district is intensifieg the housing scarcity in a jurisdiction smaller
than the local economy. The long answer is praligeow, where we show that the finding
here (of an average welfare loss) is not at atigagical.

3. Theoretical Analysis.

a. Elements of the ModeDur intent is to examine an archetypical model afetropolitan area

with property taxation. Households have a utilityction over numeraire consumption X,
housing consumption h, and the level of the locdillic good g measured in dollars. Households

differ by endowed income y and a taste parametetith the latter measuring taste for the local
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public good as clarified below. The joint distritmin on household type @), is continuous and

given by F(yq), with joint density function f(y) assumed positive on its support
S=[a,alx[y,y]1 U R2 Let U= U(x,h,ga) denote the household utility function, stricthyai-

concave, increasing, and twice continuously difiéedble in (x,h,g). Further restrictions on U
are discussed below.

We compare a Tiebout-type equilibrium having thetnopolitan area divided into
jurisdictions to the counterpart single-jurisdicticentralized equilibrium. Focusing first on the

former case, the metropolitan area (MA) is divid®o J jurisdictions, each with non-decreasing

housing supply functiomd!(p’), wherep! denotes the net-of-tax or supplier price of hogisin

and j =1,2,...,J henceforth unless indicated othewilWe assume absentee housing owners that
supply housing competitively, but will account fbeir rents in our welfare calculatiohswe
assume absentee housing owners simply becausaaisisstandard.

Equilibrium is determined in three stages. Finstyseholds purchase a home in a
jurisdiction. Second, they vote in their jurisdict for a property tax that is used to finance the
local public good. Last, the local public goodietermined from local governmental budget
balance, and households consume (although thegsifgpaonsumption is determined in the first
stage). Households have rational expectations,dhticipate all continuation equilibrium
values.

This specification conforms to the case sometioadled “myopic voting,” because
households take as given residences, housing catisumand the supplier price of housing
when voting, which are all established in the ftsige? We examine this case because it is
historically the most studied case in the literatuwWe show in the robustness analysis in an
appendix that the welfare loss we find from Tiebsutingincreaseswith other standard
specifications of the timing of choices and thutevteliefs that may be more appealing.

b. Positive Properties of Equilibriurio provide a formal description of equilibriunedin with

the third stage. Le}(f/,a) denote the density of household types livinguiisdiction j, { the

property tax rate, and(i,e) housing consumption of householdoy all of which are given in

* One interpretation is that the MA is divided into gatictions with fixed amounts of land, and land is cimed

with elastically supplied factors to produce units of hogisiThen the “absentee housing owners” could just as well
be absentee land owners. In Section 4, we provide a speecifigpé of this.

® The label “myopic voting” is potentially confusing sinasters are fully rational given residence and housing
consumption have been committed in the first stage. Thepiaymterpretation arises if households could move
or otherwise adjust housing consumption after voting voters fail to recognize this. Equilibrium is the samith
either interpretation because no such changes are made in aquilibeither case.
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the third stage. The gross housing pffgg,local public good level (3 and household

numeraire consumption are determined in the thades satisfying respectively:

P =@+ t)R; (1)
g, [ f,(v,c0dydo = t g H () )
and
x =y=- 1+ t)plh (y.a); 3)

wherep! is also given, established in the first stAgehe congestion assumption about the

public good implicit in (2) is also fairly standaras for public schooling, and avoids issues of
economies in providing local public goods. Obvigushe third stage values exist and are
unique for any input vector.

Now consider the second, voting stage. Substifjtan{o (3), and then (3) into the

utility function and write indirect utility of houseld (yo) as a function ofp;, g, ):

V(p;,g;;y,0)=U(y-ph (yo).h (yo ),ga ) 4)(
When voting on the property tax rate, householdsimiae V(-) while correctly anticipating that
(p;,g ) will satisfy (1)-(2), taking as give(f,(y, o), h; (y,o), p). Suppress the j indicator and
compute the slope of an indifference curve of \bastant in the (g,p) plane:
d oY YUY,

9

dg|, V., h(ya)’

=const. p

(5)

where the arguments in the numerator of the rightdlgde of (5) are the same as in the right-
hand side of (4). We make the following “singl@ssing assumptions” with respect to

indifference curves in the (g,p) plane.

a ((dp / dg}v=const.)
oy

> 0; (SRI)

and

0 ((dp / dg}v:const.)
Jda

> 0. (S®

® Because households will correctly anticipate all equilibriumesla negative numeraire will never arise in
equilibrium.



Assumption SR, “slope rising in income,” means tinat willingness to trade an increase in

housing price for higher g rises with income. Itiigly, from the right-hand side of (5), one can

see that this corresponds to cases where the mbvgina of g rises faster with income than

does housing demand. We provide examples of aidémse supporting this assumption below.

The intended nature of the taste parameter is emth@ad Assumption S& For given income,

highere. households are also more willing to trade an irszea housing price for increased g.
Proposition 1 summarizes key properties of thengastage, with properties illustrated in

the panels of Figure 1.

Proposition 1: Assume that V(@;y,o) is twice continuously differentiable and strictjyasi-

concave in (pg) for (g,g) > 0. Assume also the Inada condition tNgt—» o as g - 0

Then:

a. Majority voting equilibrium exists and is unique

b. The equilibrium is the preferred choice of hdwsds (y¢) on the downward sloping locus

y;'(a ) satisfying:

jj f.(y.a)dyd: = 5N, ; (6)

N, =[[f (ya)dyd. )

J

[ —
< C—y |

c. Households living in community j withdyto the “northeast” (“southwest”) of the

yj'(a)locus in the ¢,y) plane prefer a higher- (lower-) than equilibmiutax. (See Figure 1A.)

Proposition 1 is a generalization to taste vamatobwell known results in the literature and is a
variation on Propositions 1 and 2 in Epple andtRi&198). We provide a proof in the appendix
for completeness.

Remarks on Proposition 1:

1. An example that satisfies the conditions forg@sation 1 is the CES utility function:

U =[B,x"+B,h* +B,(a)g’ 1%, with p < 0 andBy(a) > 0. We examine a variant of the latter in

detail in Section 4.
2. The analysis is much simpler without taste vemm in which case V need not be quasi-
concave to obtain the analogue of the results @psition 12 With taste variation, the quasi-

"The yg (b) loci in Figure 1 partition theo(y) plane into jurisdictions and are discussed below.



concavity condition need not necessarily be invok8de Epple and Platt (1998) for an
alternative condition.

Now consider the first-stage household choicestl@dmplications for the full (three-
stage) equilibrium. Households choose jurisdiciand housing consumption in this stage.
Since households correctly anticipate all equilibrivalues, their housing consumption satisfies
ordinary demand, which we denote hy Ahus a household that chooses to live in jucisat |

consumes housing:
h=hy(p.g,ye) for all jand (ya). ®)
Given jurisdictional choices, housing market cleasin community j determines the supplier

price of housing:
[.ha(p;.9 Yot (y, o)dyda = HI(p)); 9)

where psatisfies (1) for correctly anticipated t

To determine choice of jurisdiction, find indiradtlity
V(p;,g;;y.a)=U(y-ph (9.9 .ya ).h (p.,g. W ),0q (10)
Households choose among the J jurisdictions to miagV, correctly anticipating equilibrium

(P,9), 1 =1,2,...,3. Applying the Envelope Theorem, stepe ofV = constant in the ()
plane is of the same form as the slope of V = @orist

do  __Vo _UJY, (11)
dg|, Y/ h, '

=const. p

but evaluated at the same argument values agiig ati the right-hand side of (10). We make
the analogous single-crossing assumption¥/oas SRI and S&® which we reference as
SRI and SR. The two pairs of single-crossing assumptionschoreely related, and, for

example, are exactly the same in the CES examptemark 1 to Proposition 1.
Summarizing, an equilibrium arises if the followiognditions are satisfied: In each

community j, (pg;) satisfy (1) and (2). Household numeraire condiongsatisfies (3). The tax

rate in each community is the majority choice, veheouseholds maximize V() when voting.

Housing consumption satisfies ordinary demand,gB8Jl, the supplier price of housing in each

community satisfies housing-market clearance @sidential choices maximi2é([)!

8 Existence of voting equilibrium then only requires SRhd households with income higher (lower) than the
median income in community j prefer higher (lower) taart the equilibrium tax.
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There are two types of equilibria that can ari®ewr interest is in Tiebout-type equilibria
with differences among jurisdictions in levels obyision of the public good and with at least
some households having strict preference for dteice of jurisdiction. Thus, assume for now
thatg, #g;, for all jurisdictions # j Proposition 2 summarizes key characteristicsiohs
equilibria:

Proposition 2: Tiebout equilibria with jurisdictiemnumbered such that g g> < ...< gs:

a. Have ascending bundleg; < p,<...< p;.

b. Are stratified by income and the taste paramdter givena, if household with income y
resides in higher-numbered jurisdiction than houddiwith income y then y > y, with

equality for at most one income level. For giveif fiousehold with taste parameterresides

in higher-numbered jurisdiction than household wihkte parametesi,, thena; > a,with

equality for at most one value @f

c. Exhibit boundary indifference and strict prefece for non-boundary households: Households

that exist with income level! (a), i > j=1,2,...J — 1 for whom:
V(PG :ya) =V(R.9:yn) = Max V(R .g ;ya) (12)

form a boundary in thex(y) plane that partitions residents between comtiesj and i (see
Figure 1A). Households on a boundary are indiffédgetween their chosen residents while all
other residents strictly prefer their residentidlaice.

Versions of these results are in the literature,(sgg., Epple and Platt (1998)), and we

just outline the logic here. Proposition 2a mustho have anyone choose a lower numbered
community. Proposition 2b follows from the singi®ssing assumptiorBRI and SR.

Proposition 2c is essentially definitional. Typigaa boundary will be between communities |
and j+1, but we cannot rule out that for scum®o types will choose a community (implying,
e.g., a boundary might be between j and j+2 fores@m Note that Proposition 2b implies that
boundaries will be downward sloping.

Existence of Tiebout equilibrium in the three-stagedel is not guaranteed, but is not
unusuaP We provide computed examples below. Multipyicf Tiebout equilibria can arise if
housing supplies differ across jurisdictions. Example, with two jurisdictions having different

housing supplies, either might be the lower-g fliaon. A non-stratified equilibrium always

° Restrictions on preferences and technology sufficientdistence in the model with no taste variation are
developed in Epple, Romer, and Filimon (1993).



exists in the model as well. Suppose, for exanthbg,each jurisdiction has the same housing
supply. Suppose, further, that households chaogsljctions in the first stage such that f/J
for all y. Then the continuation equilibrium vatuare the same in each jurisdiction; the
jurisdictions are clones. In turn, the initialicdential choices are equilibrium ones since the
households are indifferent to their community. Séaon-Tiebout equilibria do not require the
same housing supplies; initial residence choicaseaadjusted so that the same (p,g) values
arise in each jurisdiction. There are also mixedildria generally where proper subsets of
jurisdictions are clones, these acting like onesgiction in a fully stratified equilibrium. Such
equilibria are unstable (see, e.g., Fernandez ag@mRon, 1996). We study here the (full)
Tiebout equilibrium, obviously in cases where iisex

The comparison centralized equilibrium assumesrtégopolitan area is one
jurisdiction, with housing supply that is the usagfregation of the jurisdictional housing
supplies in the non-centralized case. Equilibrigmdetermined analogously to above, but with
no alternative jurisdictions to choose from in tinst stage and with one vote of the entire
population for the tax rate, followed by consumptand provision of the public good. From
above, it follows that centralized equilibrium dgiand is unique. Obviously, no matching of
preferences to public goods arises in the centidlicase. Our interest is in the welfare
comparison of the centralized equilibrium to thel¥aut equilibrium, when the latter exists.
Note that the centralized equilibrium values cquoesl to those in the de-centralized non-
stratified (clone) equilibrium discussed in theypoels paragraph, so one can interpret the

comparison this way as well.

c. Efficiency ConsiderationsThe main finding in this paper is that potenéticiency gains

from decentralization are, in practice, largelysgpated. In this sub-section, we first examine the
social welfare problem to provide a theoreticakpective on the causes of the inefficiency we
find. We then go on to clarify how we measureasdiicy when we calculate welfare effects.

() The Planner’s ProblemWe first characterize Pareto Efficient allocato Letw(y,o)

> 0 denote the weight on household:fis utility in the social welfare function angk > O the
same for the absentee initial housing owr@rket r(yg) denote the planner’s monetary transfer
to household (y) and R the total transfer to the initial housingners. The social planner is
permitted to levy in community j both a head taaiid a property tax;)t the former necessary
to obtain efficiency as we show. After solvingstiproblem, we will then examine the

19We assume housing owners have quasi-linear utility iome&nd the social planner treats them all the same.
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constrained efficiency problem that does not allmad taxation, as this will provide further
insight into inefficiencies that arise in Tieboptgperty-tax) equilibria. It is again convenient t
work with an indirect utility function. Let:

V(P g, y+ r(y.@) = Tj,a) = Max U(y+r(y,a) =T, —p,h,h,g 1); (13)
where the solution to the maximization problemliB)(is given by k(p;,y+r(y,o)-T;,g;,0),
recalling that i(-) denotes ordinary housing demand . Finallyaldt/,a) [[0,1] denote the

proportion of households @), assigned by the planner to community |.

The social planner’s problem is:

Max 3 etV (pLy+ ry.a)-Tog a0a (v )iy avd+a (R13[1 Hz)az)

r(y.a).g (yo),T.t.p.0 0

(14)
s.t. R+ Lr(y,a)f(y,a)dycb( =0; (15)
[ g (P y+ r(y.0)=T,g @)a (v )f(ya )dyd = B (p /@ 1)), % 2,..., (16)
T[.a (va )f(y,a)dyomlt;—p;i H /& 1)F of_ a (e (e )dyd ,£1,2,..,3 (17)
a(ya)do,1andy’ a(w ¥ T (0 (18)

A solution to the problem is Pareto EfficiéntSince the problem is written requiring
competitive provision of housing and also requinjimgsdictional balanced budgets, it may
appear we have imposed some second-best requireorettie “efficient” allocation. However,
as discussed below, these impositions are consistnfirst-best Pareto Efficiency (but see the
previous footnote). As the social weightgy(,a)),mgr) are varied, alternative Pareto Efficient
allocations are determined. If the utility poskiieis set is convex, then all Pareto Efficient
allocations are a solution to the problem for s@eteof weights? Note, too, that r(y) = R = 0
will arise in the solution to the planner’s problémn some weightse(y,a),or), which is the

case most naturally compared to the market equufibballocation.

1 We treat the housing supplies to jurisdictions as a tecivaloconstraint. That is, we do not allow jurisdictional
lines to be redrawn, which would effectively permit tradridiousing between jurisdictions.

12t the constrained utilities possibilities set is notwmn then one can still find all Pareto Efficient allocatiass
extrema of the planner’s problem. Some solutions wouldda¢ minima of the problem but would satisfy the same
(first-order) conditions we derive below.
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To solve the problem, write the Lagrangian functio
I |
L= Z?:l{ [ fdyda+ay (R/3+[ H dz}) +

(19)
A @)t B +3 0 [ hate - 1 1 fRe ] b

wherel;, ni, andQ are multipliers, we have suppressed argumentsnatibns, \f is notation
indicating that VV has arguments corresponding to community i, amgtcaint (18) is taken

account of below. The first-order condition ory(#},R) can be written:
J i J 6h'd )
-Q = Zizlwulai +Zi=1ni W 9 = O (y,a )’ (20)

where U] is the partial derivative of U with respect tofitst argument and the superscript
indicates evaluation of the function at communiaiues. (We continue to use such notation
below.) Let:

MSV,(y.a) = L,; = WV7+A[T, -g,]+nhy (21)
denote the marginal social value of assigning asomeag(y,o) of household type (y) to

community i, which equals the first variation irethagrangian with respect to typeoy**

Now taking account of (18), the optimal househalsignment criterion can be writtén

=0 <
a (y,0) 0[0,1]| as MSY (yo )= | Max, MSY (yo 1 (yx (22)
=1 >

To write out the remaining first-order conditiorfe;
i!

N, = Lq (y,0)f (y,a)dycx ance! = : ﬁ (23)

denote respectively the number of residents of conityi and the elasticity of housing supply.

We have:
L, =0 - - +A(1- t@éﬁ%ﬂie; =0; (24)
_ | oh, _
L. =0 — ~[ wUja fdydx +A N -n, LW afdydi = 0 (25)

13 This is scaled by f(y) just to be comparable across types.
141f the middle line of (22) characterizes the solutionddousehold y, then the summation constraint in (18) comes
into play. However, we will focus on cases where thisdwot characterize the optimum as discussed below.
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| oh; _
L, =0 - jswusaifdyomqijsa_;qfdyau -\ N=0 126
and

L ~ 1+t I 6h'

fdycr - [ U Hya fdyar |+ B (e, > (1p"")ss =Cc (7

i

We restrict attention to cases where it is effici® haveifferentiated communitiess in
Tiebout allocations. This conforms to cases shehd(y,a) = 1 for some community i for a.e.
household (see (21) and (22)). The alternativehbasogeneous communities. Whether
differentiation is optimal depends on the utilitgights in the social welfare function.

Essentially we want to examine when equilibriunoeditionswith differentiationare associated
with externalities in community choice.

First we confirm what is very intuitive: The sakoptimum will have no property
taxation, just head taxes. More to our purposedateral household choice of residence with an
efficiently chosen head tax would be consistenhthe efficient allocation. We will then go on
to examine the second-best problem assuming oolyepty taxes are allowed.

Proposition 3: In an efficient differentiated adlation: (a)t. =n, =0 and T= g (b) g satisfies

the Samuelsonian conditidiand (c) households are assigned to the commuihieyan is at

a maximum.

The proof of Proposition 3 is in the appendix.

Remarks:

1. It is straightforward to confirm that the sameults obtain if the planner also assigns housing
consumption to each household and if the governimatget constraint is economy-wide, rather
than local. Regarding the former, households warfidourse, be assigned the level of housing
they demand. Regarding the latter, direct incarmesters permit the government to accomplish
the same set of utility levels as would also alloyviransfers across jurisdictions. The reason we
have specified the problem imposing competitivediragy consumption and jurisdictional budget
balance is because we want to impose these recenitsnm the second-best analysis that
follows.

2. A key implication of Proposition 3 is that itammunity were to use head taxation to provide
the local public good optimally, then householdichaf communities would be socially

optimal. Unilateral choice of community would leladuseholds to choose the community where

15 Equation (A13) in the appendix states the Samuelsoniadition.
12



V*is at a maximum, which, by Proposition 3c, isaéfint. Likewise, competitive provision of
housing is efficient. The non-distorted price ofising and the head tax efficiently price access
to communities. There are no externalities in camity choice in this case.

3. This proposition can be viewed as a generatinaif the celebrated decentralization theorem
of Oates (1972). Our framework follows Oates isumsing no spillovers, costs of provision the
same for the centralized as for the decentralizse cand centralization entails uniform
provision’® Our result extends Oates’s theorem by permitiimgseholds to be mobile and by
establishing that optimally chosen head taxes aeltiee efficient decentralized allocation when
households are mobile.

To determine the character of jurisdictional ckeaxternalities in the property tax
equilibrium, we now examine the planner’s problesauaning head taxation is not allowed. Set
Ti = 0 everywhere above and drop the first-order tmmddescribing the efficient choice of, T
i.e., (25). With T= 0, the other first-order conditions remain vafidOf course,;twill be
positive here and is optimally chosen by the planimet we will also discuss later the alternative
where tis suboptimal. Household choice of a jurisdictweould now be associated with an
externality, and its character is the focus. Witerence to (21)-(22), the value of what we call
the “jurisdictional choice externality (JCE)” of i@ehold () in jurisdiction i is given by:

JCE (yo)=-Ag+n b (p.y r(ye ).gq . (28)
JCE(y,a) equals the social value of choice of communlty household () in excess of the
household’'s own (weighted) utility. Thus JGEo) measures the social benefit or cost imposed
on others when householddy chooses to locate in jurisdiction i. We assuroe to simplify
the analysis that housing demand is independegt a$ arises in the cases we analyze béfow.

To convey the main results here, we introducd ebre notation. Letd) denote a

household’s compensated demand function for houdiredy

) = tipi hd (p ’y+ r(y,O( )1a )’ (29)
(1+1)

Ti (y! a

and

16 See Oates (1999, 2006) for a detailed discussion of the jpssnsunderlying the theorem and the discussion in
our concluding section.

"We continue to study cases with differentiated allocations

18 We will also indicate what changes if housing demand dgesndieon g
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g = 1+t e, (30)

i i ah| ! '
e[ - a fych

Observe that; is household (y,)’s tax payment in jurisdiction i, ané [J[0,1], where the
integral term in the denominator @fis the elasticity of the compensated demand. ¥eh
Proposition 4: (a) The jurisdictional choice extatity in the planner’s solution satisfies:

JCE(ya )=-Alg-5(ya § |; (31)
with

) - jsaugz fdyda

0, (32)

(whereU} is the derivative of utility with respect tg.g

(b) ICE(y@ )~ -4 9 asg, -~ 0; ICE(w » -4 (g5 (w )ag - o
(c) JCE(y,0) is negative for all households in community iwibusing demand below the mean.

Proof of Proposition 4: (a) Substitute from (24)da(A11) from the appendix into (27) to obtain:

n=-A LR& (33)

p o -
—| —*a fdydor - (1+ ¢
H;J‘SaplaT y (+I )‘S

Substituting (29), (30), and (33) into (28), yie(84). Expression (32) follows from (26) using
our assumption that housing demand is independemt and the value of; is obviously
positive®®

(b) These results follow trivially from (31) ancettefinition of; (i.e., (30)).

(c) This follows from (31) sinc8 J[0,1] and g equals the tax payment of the household in

community i with average housing consumption. ]

Remarks:

1. The main implication is that an equilibriumoaiation with efficient property tax will have
too many households choosing jurisdictions withhtaés, especially poorer households
(assuming housing demand is normal). Intuitionggsgs, and (31) confirms, that the JCE will
be proportional to the difference between the valube service the household consumes (g)

91f housing demand depends qntgen a sufficient condition far to be positive is that housing demand is non-
increasing in g The remaining results in Proposition 4 are as stated.
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and the tax paitly that household® The “tax paid” by a household equals the taxtstif
forward,10. In the limit with perfectly elastic housing suppa household’s consumption of
housing corresponds to new production, and taxesféectively collected from the household in
proportion to housing consumption. In this caseideholds with income above (below) the
community average and thus housing consumptioneafilmiow) the average, exert a positive
(negative) externality. At the opposite extremthwousing supply elasticity equal to 0, every
household’s consumption of housing displaces thather households in the community, and
taxes to cover consumption of g are fully absofnethe absentee housing owners. Here every
household exerts a negative externality proportit;ng in the community.
2. In light of the preceding, it is tempting tonctude that the aggregate loss from the JCE is
highest when the elasticity of housing supply izeHowever, the aggregate loss associated
with the JCE depends not only on the externaligated by a household’s location choice, but
also on the number of households who make locatioices that depart from the efficient
allocation. That number will tend to be smaller whiee housing supply elasticity is low than
when it is high, for the following reason. Consitl@o communities. As households move from
the poor to the wealthy community, the housingegiicthe wealthy community rises more
rapidly when the housing supply elasticity is I@&imilarly the price in the poor community falls
more rapidly when the supply elasticity is low. $agrice effects limit the extent to which
location choices depart from the optimum. Hencegwthe housing price elasticity is low
(high), the externality from a poor household #tfaboses the wealthy community is high (low),
but the number of households whose location deviaten the optimum is low (high). The net
effect of a change in the housing price elastisitthen ambiguous. We find computationally that
welfare rises as the housing supply elasticitysfdl low and intermediate elasticity values (see
the appendix on robustness).

In any case, poorer households that consume lessrgohave an incentive to crowd
richer jurisdictions. The equilibrium does not #ihefficient choice of property tax due to

majority choice, but this distortion is typicallyimor. We show below that the theoretical

20 Note that there is no JCE if the local public good iscoagested. In this case, absent other distortions, housing
prices alone would ration efficiently community access and hguginsumption. Assuming property taxation, full
efficiency would arise with inelastic housing supplies anti t&xes set so that the local Samuelsonian conditions
are satisfied.
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distortion identified here — poorer types crowdnngher jurisdictions — is key to the welfare
losses from Tiebout sorting that arise with propesxation®*

3. Note from (33) that the multiplien) on the housing-market clearance condition istp@si
except when the housing supply elasticity is OisThbecause the gross housing price
inefficiently deters housing consumption and isemdugh to deter poor households from
moving into high-g communities. Requiring housaagnsumption in excess of demand could
then improve efficiencd If the tax tis inefficient (i.e., is not chosen by the plannene finds
thaf:

A i Hls i
t;| [ wUihya fdydx - (b, W [oUua fdyd(}

oh, on _ @ LEH,
Isapi aifdymﬂfyap a fdya .

n = (34)

Now n; can be positive or negative. This is becauseight be over-provided (conditional on
using property taxation) and limiting housing camgtion would reduce this distortion.

(i) Measuring WelfareWe treat the centralized equilibrium as the stguo and use

(the negative of) aggregate compensating variatgsociated with the Tiebout equilibrium as
our welfare measure. Lef’(y,a) denote utility of household (y), in the centralized equilibrium

and U (y,a) utility in Tiebout equilibrium. Let v(y) denote compensating variation, defined in

US(y,a) = U (y+v,0). LetCV = jsv(y,a)f(y,a)dyda denote aggregate household
compensating variation. L&° :Zf:l Opg H! (p)dp denote housing rents in the centralized

equilibrium, wherep? denotes the net housing price. LRI :Z?:II:JS H! (p)dp denote housing

rents in the Tiebout equilibrium. Compensatingat#on of the absentee landlords is given by:
R°—R'. We report W= - [CV + K — R'] as our welfare measure, while also reporting
aggregate consumer welfare (-CV). The negativapofpensating variation is reported, so a
positive value indicates a gain from Tiebout s@ytin

We know a priori that the Tiebout equilibrium istriPareto Efficient. If households

choose residences and housing followed by effigeiblic good provision satisfying the

“ The idea that the “poor chasing the rich” can be associatadwiiéparture from efficiency in Tiebout economies
is well known. See Rubinfeld (1987) for a discussioneantly references. Our contribution is mainly to qugntif
this inefficiency and provide evidence that it may be extreme.

22 See Calabrese, Epple, and Romano (2007) on residential zbatrimproves efficiency.

% This is found by solving the planner’s problem wjtexogenous, hence suppressing condition (24). We centinu
to assume that; ust be 0.
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Samuelsonian condition financed by a head tax, ¢ognlibrium would be efficient (Proposition
3). Such an allocation would maximize our welfareasure (i.e., the negative of aggregate
compensating variatiordf. In the Tiebout equilibrium we study, the housingrket distortion
from use of a property tax to finance public pravmisis generally inefficient. Likewise, majority
choice of the level of provision of the local pubjood is generally inefficient. These
inefficiencies further imply that externalitiess&iin the individual choice of residences as we
have shown. We know, then, that if we calculatéfare analogously in going from the
centralized equilibrium to the efficient head-tapuiibrium, denoted by W, that W' > 0 and

WH > WT'. In spite of the latter inequality, we perceivsteng belief among economists that
W' > 0 is to be expected: Some aggregate welfaresgelharise from the equilibrium matching
of households to relatively desired public goocelef® In fact, we will see that this belief
appears to be overly optimistic. We show below thia frequently the case that'\& 0 when
WH is substantial.

4. Computational Analysis

We first examine a calibrated computational mobat temonstrates the tendency for
decentralization to be inefficient. This computaibmodel also permits us to delineate the
magnitudes of the various sources of inefficiendye then employ a more general model
estimated using data from the Boston Metropolita@adMA) in the next section, and, again,
find a welfare loss.

a. Calibration of the Model The calibrated model abstracts from taste diffees, with then

households differing only by income. Householditytis assumed to be CES:

U=[Bx® +B,h" +B,g°T"*. (35)
We must calibrate the MA income distribution, thember of jurisdictions, and the parameters
of the utility function and housing supply funct@rhe distribution of MA income is calibrated
using data from the 1999 American Housing Surveli$X*° Median income reported by the
AHS is $36,942. Using data for the 14 income @agsported by the AHS, we estimate mean
household income to be $54,710. These values anassumption that the income distribution

is lognormal imply Iny ~ N(10.52,.785).

# This is proved in an appendix available on request.

%5 Our perception of the consensus belief is thay(yill be positive for those that choose poorer (low g)
communities in Tiebout equilibrium (i.e., there will bevelfare loss for them), but v(y), will be negative and
offsetting for those that choose richer communities. M&kthat the offset does not typically occur.

26 http://www.census.gov/hhes/www/housing/ahs/99dtch@/ib2. html
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We assume constant elasticity housing supply fandti each jurisdiction. Such a
housing supply function arises if units of housang produced competitively by combining a
jurisdiction’s inelastically supplied land Wwith an elastically supplied factor q according to

constant-returns production function: h %t?, yO(0,1). Specifically, then

ML= L(pL) v (u] , (36)

where w is the given price of input g. The quamit housing available at given housing price
then varies across jurisdictions proportionatelthiir land endowment. In our baseline
calibration, we assume five local jurisdictionghie MA — a large city and four smaller suburbs
that have equal area. The total land supply irMA&s normalized to 1. The city is assumed to
have 40% of the total land area and each of therball5%. We assume that the city is the
poorest jurisdiction. The jurisdictions are nundzefrom poorest to richest: Hence,%..4, and

L, = L3 = Ls=Ls = .15, where |Lequals community j's land share. The paramegguals the
share of land inputs in housing in our model. Blas®the empirical evidence (see the
discussion in Epple and Romer, 1991), weyset/s. Note from (36) that this implies a housing
supply elasticity equal to%.

The remaining parameter values arB, ,B,,,andp, from the utility function (35), and w

from the housing supply function (36). The caltbthparameters are summarized in Table 1.
The remaining calibration is based on the singlisglictional equilibrium for simplicity. First,
we sefx = 1, a normalization. While less obvious, w isoah “free parameter,” which we also

then set equal to 1. To see this, note from (3&f) the housing supply function for the MA is:

-1 Iy 1y
y

H, = (W)yT (ps) v (1-vy)

changing w is equivalent to changing the units esurement of housing. No equilibrium

, and this is the only place that w appears in tbdeh For any,

values relevant to utilities then vary with w.
The values oy, Bn, andp are set so that in the single jurisdictional @quiilm the
median voter chooses t = .35, the net-of-tax expermdshare on housing equals .20, and the

price elasticity of housing is very close to -1.t A .35 implies a tax rate on property value that

" This housing supply elasticity is within the rangestimates for new housing, though estimates vary
substantially. See Dipasquale (1999), Blackley (1999), anteBdle (1999). Dipasquale and Wheaton (1992)
estimate the long run rental housing supply elasticityet6.B. Other estimates also find a higher elasticity than 3
(see Mayer and Sommerville, 2000, and Epple, GordonSaay] forthcoming). In an appendix, we show that
increasing the housing supply elasticity results in a higledfare loss from Tiebout sorting than in our baseline
calculation until housing supply becomes very elastic (over 10)
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is realistic, on the order of 2.5% to 3.68The expenditure share on housing of .20 is in the
range of values estimated in the literature (seeuslaek and Quigley (1980). Likewise, the
housing market literature indicates a price eligtidose to -12° The implied values digand
B are, respectively, 0.094 and .356. Wepset-.01, which implies a price elasticity of hougin
demand equal to -.993, while also implying SRI ari$tence of a Tiebout equilibrium when
there are multiple jurisdictior®S.

Table 1: Parameter Values Baseline M odel

Bx Bn By p Y w
1.00 356 | .094| -.010.250| 1.00

b. Findings Table 2 summarizes the findings in this baselimecification, with positive
results in the upper panel and normative resultseriower panel. Recall that we report the
negative of compensating variation values so thatggfrom Tiebout sorting correspond to
positive values. Column 2 of the upper panel shkeysvalues in the Tiebout equilibrium and
column 1 corresponding values in the centralizadliégium where the MA is one jurisdiction.
Ignore the other columns for the moment. The Tugleguilibrium is income stratified,
supported by ascending housing prices, althougpribygerty tax rates vary little and are very
close to that in the centralized equilibrium. Besmthese tax rates apply to substantially
different housing expenditures, the public gooclswary substantially.

The lower panel shows the welfare effects. Onéypghor and very rich are better off in
the Tiebout equilibrium, with 95% worse off. Figu2A graphs the negative of compensating
variation against household income. On averagswuers are worse off, with an average
(minus) compensating variation of $41. The absef#ed owners experience a negligible
welfare loss. Column 5 reports values in the edffitallocation discussed above, and Figure 2B
graphs welfare gains against income. Although o4¥%ouseholds are worse off in this
allocation, households experience an average \eejfain of $726 and land owners an average

28 Observed property tax rates are expressed as a percerpe@ftpr@lue. In our model, rates are expressed as a
percentage of annual implicit rent. Employing the appradidtoterba (1992), Calabrese and Epple (2006) conclude
that tax rates on annualized implicit rents can be converteda®s on property values using a conversion rate on the
order of 7% to 9%. Thus, our annualized rate of .35 late®sto a tax rate on property value on the order of 205%
3%, which is the order of magnitude of observed propaxyates.

% gee Rosen (1979), Hoyt and Rosenthal (1990), and Rasebtita, and Gabriel (1991). Hanushek and Quigley
(1980) obtain somewhat more inelastic estimates.

% A p = 0 implies a Cobb-Douglas utility function and a pedasticity of demand for housing exactly equal to -1.

In this case, SRI fails and an equilibrium with Tiebswuting does not arise.
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gain of $711. Hence, the environment is one whi@bout sorting could lead to substantial
welfare gains on average, yet these not only ddie realized in property tax equilibrium but are
reversed.

To delineate the sources of the welfare lossesatiig in Tiebout equilibrium, we
calculate two other allocations. As discussed aptivee inefficiencies arise in Tiebout
equilibrium: First, property taxation distorts lsing consumption with the usual deadweight
loss. Second, majority choice of the tax rateexdfl the preference of the median-income
household in a jurisdiction, which generally difdrom the choice that would maximize average
welfare3* Third, externalities arise in household choicguaidiction, which we show is the
primary source of welfare loss.

The second, majority voting inefficiency, is gerigraelieved to be small in these
models. To verify this here, we compute multigdictional equilibrium with majority choice of
a head tax. Equilibrium is determined preciselynate property-tax model, but voting is over a
local head tax that fully finances the local pulgiend. Versions of Propositions 1 and 2 apply
to this variation of the Tiebout sorting mod&lValues for this equilibrium are shown in column
3 of Table 2. The head taxes are, of course, équhk levels of public good provisidh.
Comparing column 3 to column 5, one sees thatltbeation is very close to the efficient
allocation. The welfare gain relative to the saglrisdictional equilibrium is 99.8% of the
potential welfare gain from household sorting.

The welfare loss in the Tiebout equilibrium isrtHargely attributable to property
taxation and household jurisdictional choice exaéties rather than voting bias. To delineate
these effects, wassignhouseholds to jurisdictions as arises in the iefficallocation, but then
they vote for a local property tax to finance thiblc good. Hence, this allocation essentially
removes externalities from household choice okgidtion, while retaining the property tax
distortion (as well as the small voting bias). Tisi not an equilibrium allocation because some

households would prefer to move. The associatketsare reported in column 4 of Table 2.

3L |f median income were equal to mean income and if the (indinélity function were linear, then the preference
of the median-income household would maximize average welfarene@her of these conditions is satisfied.
These biases are well known.

% The ascending bundles property trivially regards the teadot the housing price. Since the head tax is a
deterrent to moving into a jurisdiction, it is theoretig@lossible that housing prices could decline with the lefrel
the public good.

% Because the calibration of income begins at 0, some houséndtdspoorest jurisdiction cannot afford to pay the
$1691 head tax. The proportion of the population ig @00251, so we simply ignore this.

20



We see that most of the potential welfare gain fedficient sorting arises in this allocation;
about 80%.

We conclude that the jurisdictional choice extétpn#s the main cause of the welfare
loss we find. As already discussed, relativelyrgumuseholds crowd into richer jurisdictions to
consume high levels of the public good, while frieng on richer households that pay more in
taxes and on the absentee land owners. As on¢onliystrate the free riding in the property-
tax Tiebout equilibrium, we compute the ratio af tax payment (or housing consumption) of
the poorest resident to the mean-income resideheifour suburbs. Moving up the wealth
hierarchy of suburbs, these ratios equal .84,.8%,and .57. From another perspective,
referring to Table 2, we see that the equilibriuppydations of the richer jurisdictions are
substantially higher and the income levels substimtower than in the efficient allocation.
The fundamental explanation for the welfare lossigbout property tax equilibrium is that the
resulting sorting of households is inefficientsitiot stratified enough! While we are in a
second-best economy so that “anything can happe,hevertheless, find this counterintuitive.
Because the poor free ride on the rich in the eéin&d equilibrium, it would seem that some
degree of sorting would lessen this externalityit @rving the MA into jurisdictions entails
limiting within jurisdiction housing supplies, whiantensifies the externality losses as the
relatively poor crowd relatively rich jurisdictionssiven property taxation, the model indicates
that the degree of Tiebout sorting is crucial f@ifare gains to be realiz&€d.While it is well
known that Tiebout sorting is not good for poosgres, that it will sometimes be also bad on
average makes it difficult to support such decdiaation.

The welfare loss we find is not contrived. T@enne robustness, we vary the
equilibrium concept with respect to the naturessiianed voter beliefs and the parameters of the
model. The analysis is an appendix available at:

http://public.tepper.cum.edu/facultydirectory/FagDlirectoryProfile.aspx?id=54under

working papers, and we very briefly summarize hélre/o alternative specifications of timing of
choices and voter beliefs are analyzed. An altermavhere voters anticipate changes in
housing consumption, but not in jurisdictional deyihas negligible effects on our findings. An

alternative where voters anticipate both changé®using consumption and jurisdictional

% One might argue that the explanation points to a misallacafibousing to jurisdictions. But this is essentially
the same as saying that a misallocation of households 4digiions arises, which is the better perspective for given
jurisdictional housing supplies. More importantly, telgem doesiot go away by redrawing jurisdictional
boundaries (see our robustness analysis). Access miusitied beyond that caused by housing prices.
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choice leads to substantially higher welfare lodsms Tiebout sorting in property tax
equilibrium.

Increasing or decreasing the number of jurisditiby one has very minor effects.
Reducingp, hence the elasticity of substitution in the CHSty function, leads to welfare gains
from Tiebout sorting under property taxatidnHouseholds consume more housing and are
more reluctant to reduce their housing consumptidawever, even witlp reduced to -.5, thus
doubling the elasticity of substitution relativedor benchmark calibration, less than one third of
the potential gains from decentralization are reali

Reducingy increases housing supply elasticities and weltsges from Tiebout sorting
with property taxation increase rapidly until theuking supply elasticity is very high (about 10).
Housing prices rise more slowly as poor househaidge into richer jurisdictions, worsening
the effect of the jurisdictional choice externabty more such movement takes place. Increasing
y has the reverse effects.

Increases ifig, the weight on the public good in the utility falon, increase demand for
the local public good and exacerbates the inefimes and welfare losses in Tiebout property
tax equilibrium. Increasinf, the weight on housing in the utility functioncnreases demand
for housing. Property tax rates fall and househdilid it more difficult to substitute away from
housing. As a consequence, inefficiencies in Tiklpooperty tax equilibrium are reduced.

While we do not always find losses from Tieboutisg under property taxation, we find
a loss in our baseline calibration and we find itairly persistent over a variety of parameter
variations. Moreover, when gains arise, they yoecally a small percentage of potential gains
from efficient sorting. These computational finglsnprovide motivation for further pursuit of
the efficiency question. The next section develmpsmain quantitative findings that are based
on an estimated model.

5. Econometric Model and Findings
a. The Econometric Model and Estimated ParametEne framework used in the econometric

analysis is set forth in Epple and Sieg (1999),I&pRomer, and Sieg (2001), and Calabrese,
Epple, Romer, and Sieg (2006). Here we briefly mamze the econometric model and
estimates. Households differ in income and tamtéhie local public good. The specification of

the local public good is generalized relative t® #tvove model by inclusion of a jurisdictional

% We cannot consider higher valuepafince any significant increases would violate SRI and precloding of
types in property tax equilibrium.
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peer effect to better fit the data. Suppressieguhsdictional subscripts and letting g denoe th
quality of the local public good, the following iimelct utility function is used:

T e
1-v

V(a,p;y,0) ={aq +[e™ e ™ ¥, (37)

where
q=90"; (38)

andy is the mean income in the jurisdiction. Peeraffenight operate through educational
spillovers in the classroom, through parental nwmg of teachers and school administrators, or
through other channef§. Note that the indirect utility function in (3 the standard one that
allows housing consumption to vary with pricesspscified in (10) above. This specification
has the following useful propertiéS.It is separable in public- and private-good comus,
substantially simplifying estimation. The impliethsticity of substitution between the public
good component and private good component is conatal equal to 1/(1). Using Roy’s
identity, the implied housing demand functiorhis=Bp'y’. Thus housing demand has constant
price and income elasticities, as is common in ecglianalysis. The single-crossing conditions
for stratified community choice, i.eSRI and SR, are satisfied it < 03 This condition is

tested empirically, allowing to be any value, andis found to be negative and statistically very
significant (Epple and Sieg, 1999). Hence, thareésorting conditions in the theoretical model
are supported.

The metropolitan population density function, &)y,is taken to be bi-variate lognormal:

Iny M 0—2n )\O-n Oing
B, )
na p'lna )\Glnyclna O-InOI

The model then has ten parameters to be estimated], B,@,l,,, .0, Hyq O »ANA

Estimation is based on data for the 92 municigaith the Boston Metropolitan Area.
Data are used for 1980, which precedes the staggesition of property tax limits (Proposition

% Recent empirical analysis of peer effects in education includeéshmmd Lang (2004), Arcidiacono and
Nickolson (2005), Betts and Morell (1999), Cooley (20@3le and Krueger (2002), Ding and Lehrer (2007),
Figlio (2003), Hanushek, Kain, Markman, and Rivkin@3)) Hoxby and Weingarth (2205), Sacerdote (2001),
Vigor and Nechyba (2005), Zimmer and Toma (1999), andri&man (2000).

3" There is not a closed form for the associated (directiyufiinction. An appendix, available from the authors,
provides detail on this specification, including demonstnatiat it satisfies all the standard properties (e.g., quasi-
concavity in prices) of an indirect utility function.

% This condition also ensures that voting equilibriurisisxin the second stage. This is shown in the appendix
discussed in the previous footnote.
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2% ). The Boston metropolitan area is particularg)l suited to estimation of the model. In
Massachusetts school districts and municipalitescaterminous. Property taxes were the
primary source of local revenues during this peray residential property tax revenue tracks
well educational expenditure per student in then@@icipalities with a correlation coefficient of
0.73. Per student educational expenditure is tised for g in the estimation.

Estimation proceeds in two stages. Table 3 reploetgstimates. In stage one (Epple and
Sieg, 1999), the mean and standard deviation g¢f brg estimated first, using the metropolitan
income distribution. Three additional parameteesestimated by utilizing the stratification and
boundary-indifference conditions. The boundary-ifiedence conditions and the indirect utility
function imply the following expression for the balary loci between jurisdictions j and j+1:

1_V— . - .
In(a)+(y Doy Q=9 =K; (40)
1_ T _ A ]
vV qj qj+1
where:
_TBp?*l—l
Q=e o (42)

There are 91 such loci partitioning the metropalp@pulation into 92 municipalities. A
minimum-distance estimator is then used to matéehrtdes of the 92 income distributions
implied by the model to quartiles of the 92 incodigributions that are estimated by the US

Census. The additional parameters identified hexetdo, ,v, andA . In addition to the 92

Ina?
income distributions, the populations of the 92 roipalities are used in this stage. Theake
solved out at each point in the parameter seatgnce, housing values and public good
gualities are not needed at this stage. The asyimptre with respect to the sample size taken

by the Census so the parameters are estimate@witgh degree of precision. The ratiw,0,,,,

is negative and statistically significant, suppugtthe single-crossing assumptions. Note that
this first-stage estimator invokes only necessanddions for equilibrium, so uniqueness of

equilibrium is not a concern.
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Table 3: Parameter Estimates
(Standard errors are in parentheses)

“‘Iny o-Iny )\ Tlo—lna v B (p ulna Glnor rl

9.790 | .755 | -.019 | -.283 | .938 | .175 | 2.623 | -2.643| .1* | -3
(.002) | (.004) | (.031) | (013) | (.026) | (.007)| (.147) | (.017)

et at minimum in the prograntFixed since weakly identified.

In the second stage (Calabrese, et al., 2006)ethaining parameters are estimated
using maximum likelihood. Parameters identifiedhia first stage are fixed at the values
estimated in that stage. In the second stagacht&ep in the parameter search, the theoretical
model with household sorting and myopic voting gweperty tax rates is solved for
equilibrium values of property tax rates, expendisuon g, and aggregate housing values in each
of the 92 communities. The observed values of thagables in the 92 communities are then
presumed to be equal to the values implied by tbdainplus measurement error. Since
estimation at this stage involves matching housgegaof the model to those in the data, the
price elasticity of housing demand is only tenupugéntified* Hence, that parameter is fixed
atn = -.3, and remaining parameters are estimatedvafien below. Calabrese, et al. (2006)

also fixedao, at .1 producing a good fit to the d4fa.We have since confirmed that this closely

Ina

corresponds to the estimated value (equal to .09G8)abrese, et. al. (2006) prove that,
conditional on the first stage results, the eqiiiilm in the second stage is unique. Thus, the
estimation procedure is not vulnerable to concabmit multiple equilibria.

Figure 3 relates observed jurisdictional valuethtse predicted by the estimated model.
Jurisdictions are ordered by increasing median déionigl income. Following Poterba (1992), the
observed property tax rate is converted from tingh@me value to that on the implied net rental

rate per unit of housing to correspond to our madélousing services and prices. Note that the

39 Data on housing values is only available at the jurisdictieval, which permits identification of key parameters,
but does not provide good data for estimating the prictia@tas
40 o, =-1 may give the impression that taste variation énthegligible, but that is incorrect because thgnitade

of ¢,,, depends on choice of scaling. For example, can be rescaled by expressing the first argumethiein

indirect utility function (50) not asq" but instead agaq)’. The important point here is that second-stagmates

preserve the decomposition of the metropolitarridigtion of income within and across communitiest tis
captured in the first-stage estimates. As repartdgpple and Sieg (1999), 89% of the total variainc@etropolitan
income is within-community variance and 11% is asroommunities.
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dollar values for educational expenditure per hbakkand housing value are in 1980 dollars in
Figure 3. The figure at once illustrates the satsl Tiebout sorting and the predictive power
of the estimated model.

b. Welfare Effects of Tiebout Sortingrhe econometric analysis summarized above doies n

generate an estimate of the elasticity of housupply, which is needed to perform our welfare
computations. We assume constant elasticity hgusipply and use the same housing supply
elasticity as in the baseline computational motela (i.e., equal to 3). The equilibrium with
92 communities is computed as part of the estimafio calculate the counter-factual
equilibrium with a single metropolitan governmdatd area for housing must be obtained.
Given the housing supply elasticity, using (36§ implied land area used for housing in each
municipality can be calculated. These values ageegated to obtain land area for housing with
a single metropolitan government. This then pergatsulation of the equilibrium with a single
metropolitan government and no sorting of houseold

In the computed single jurisdictional equilibriume obtain g = $1100.42, t = 0.43, and p
= 2.07. By way of comparison, the population wé&ghmeans in the 92-community equilibrium

are:g=%$1127; t= 0.41, andp 2.3 We then compute compensating variation for hooisish

and initial land owners as above. The househadtdase compensating variation in going to the
multi-jurisdictional equilibrium is $478 and thergeousehold CV for land owners equals -$162.
Hence, the Tiebout equilibrium implies a welfared@qual to $316 per household. This equals
1.3% of 1980 per household income or, if expressaag year 2000 values to be comparable to
the calibrated model in Section 3, the loss eqbaldl.

c. Sensitivity Analysis The Calabrese, et al. (2006) model differs tegoally from the model

developed earlier in this paper in its inclusioragfeer effect. Also, the assumed value of the
price elasticity of housing demang)) (s more inelastic than that implied by our earlie
calibration. Here we briefly examine consequeradsetter aligning the two models.

The welfare calculation in the preceding sectissuaes that centralization equalizes
both expenditure per student and peer quality agurssdictions. Of course, equalizing
expenditure will not equalize peer quality withgalicy intervention that directly addresses peer
sorting. Hence, we performed an alternative catmnan which expenditure per student is
equalized while peer sorting is preserved. The élooisl average compensating variation from
expenditure equalization is $403, and the per HoaldeCV for land owners equals -$109.

Hence, the Tiebout equilibrium implies a welfared@qual to $294 per household or 1.2% of
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1980 per household income. Thus, expenditure exatedn achieves most of the potential
welfare gain from centralization. This is of coresigble practical importance, since existing
school finance equalizations focus on expenditguakzation.

Turning to the price-elasticity of demand for hiogs we re-estimated the model with
equal to -.5 while continuing to include the peféea. The welfare loss per household from
Tiebout sorting rises to $811. The welfare losstiowes to rise ag is further reduced.
However, the implied variation of housing pricesoass communities becomes to extreme to be
plausible as the housing price elasticity declimelew -.5** But the price inelastic specification
of housing demand in Calabrese, et al. (2006) mdoesnot underlie the welfare loss from
Tiebout sorting we find here.

We also calculate the welfare effects of Tiebautisg shutting down the peer effect
while retaining the remaining parameter valtfesVith n = -.3, a slight average welfare gain
equal to $32 per household arises from TieboutrgprtwWithn = -.5, a slight average welfare
loss arises equal to $31 per household.

The results from the estimated model indicaterib#iciencies from Tiebout sorting
under property taxation offset the potential gagmsistent with the findings of the calibrated
model. Thus, findings from the estimated modelfece this paper’s key finding.

d. Relationship to Prior WorlA very influential estimate of welfagainsfrom decentralization

is provided by Bradford and Oates (1974). Theweasfocus on education as the key service
provided by local governments, and they comparermteglized to uniform provisiomssuming
efficient decentralized provisipthey estimate a welfare loss from centralizaéqnal to 50% of
the population-weighted sum of the absolute changegpenditures that would arise from
equalization of expenditures. For comparison, alewtate the welfare loss (using compensating
variation) of moving from thefficientdecentralized equilibrium in our model (columri&}he
efficient centralized equilibrium (values not shgwobtaining $1,212. This is remarkably close
to the estimated welfare loss of centralizatioraot#d by assuming that the percentage welfare
loss from the Bradford-Oates calculation would é&ized in our model. These results highlight

that the differing conclusions that we obtain iis fhaper about the welfare effect of

“L With n = -.5, the predicted housing price rises by aofact 8.87 from the poorest to the richest jurisidic.
Lettingn drop to -.9, the factor rises to 134. We belithat the model would need to introduce preference
heterogeneity in demand for housing to accommomaie price elastic housing demand while havingstal
predictions.

*2 The fit of the model is substantially reduced hytting down the peer effect. However, we incluuis additional
calculation to illustrate the robustness of oudifiry.
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decentralization are not due to differences wipeet to the potential gains from
decentralization. Rather, we find that the ineéfifaies associated with the current institutional
structure dissipate those potential gains

Another related paper is Fernandez and Rogers@8)1@ho investigate the differences
in human capital accumulation between a decentidland a centralized economy. They find
that centralization is beneficial from the perspexbf human capital accumulation in a steady
state. Using their household utility function aradiferation of it, we find the static welfare
difference between the centralized and decentrbidlecations to be approximately zéro.
Thus, we find the same gross inefficiencies in deedized equilibrium using an independently
specified modet?

6. Concluding Remarks

Efforts to reduce inequalities in the local pulliiance of schooling have led to major changes
in education policy in much of the U*3.Few economists would challenge the notion thaseh
inequalities, arising from Tiebout sorting, havevésed the welfare of many, especially the poor.
However, distributional issues aside, we, and wigbe most other economists, had believed the
Tiebout process to be efficiency enhancing. Wtiéepresence of inefficiencies in local
property tax equilibria is understood, we know ofrasearch that quantifies the net effects of
such allocations when explicit account is takethefeffects of mobility® In pursuing such an
analysis here, we have found that these inefficgsnare substantial and overturn potential
average welfare gains in both a standard calibnaede! and an estimated model. Itis
surprising to find that the welfare effects run iotaw to basic intuition concerning the Tiebout
process. From a policy perspective, however,itiairfgs are encouraging in suggesting that

3 In our appendix on robustne$gtp:/public.tepper.cum.edu/facultydirectory/FagDirectoryProfile.aspx?id=54
more detail on the Fernandez and Rogerson (1998¢hw provided along with our related calculations

4 Another, mainly empirical, literature examines tomsequences of centralization versus decentiializtor
growth. See Brueckner (2006) for a theoreticalysmimand for references.

* See, for example, Evans, Murray, and Schwab (1998)

“ Brueckner (2004) compares a Tiebout equilibriunhvéixation of mobile capital to the centralizecatative
and shows by simulation that welfare can be higihdower in the Tiebout equilibrium. Bruecknertfis is on the
trade off from inefficient tax competition for madbicapital, the focus of the tax competition litera, and the gains
from matching levels of public goods to diversefprences. Our research differs in several imporays. The
tax we investigate is on (immobile) housing, softirlamental inefficiency is Brueckner’'s analysisiot present
here. Brueckner’s Tiebout sorting is efficienttiat a community forms for every preference typeilewve treat
community boundaries as given with an infinite nembf different types and households then selesit greferred
community. We offer a quantitative assessmenh@fikely magnitude of welfare effects.

28



equity-motivated efforts to reduced differencesdcational expenditures per student may
come at little if any cost in allocative efficiency

The finding that decentralization as manifestriactice results in average welfare losses
has led us to investigate the main source of tegiarency. We find that the externality in
choice of residence is the primary source of |oRsus, ironically, the mobility that Tiebout
emphasized as essential to the realization of patefficiency gains of decentralization is also
the culprit in preventing those gains from beinglized.

We think that our findings are important, but realthat our analysis abstracts from
potentially important elements. Our perspectiviha the efficiency analysis of empirical
Tiebout equilibrium calls for more research. Weyariefly discuss a few issues that might be
relevant. In a very influential paper, Hamilto®{5) argued that zoning can overcome the
inefficiencies associated with property taxation.Calabrese, Epple, and Romano (2007), we
pursue a theoretical and quantitative analysigjaflrium residential zoning that supports
Hamilton’s argument that zoning can serve as atgutesfor head taxation. We show that local
public choice of a zoning restriction on housinglgy combined with a property tax closely
mimics head taxation, and almost all potential digbwvelfare gains are realized. That analysis is
in the context of a model in which households diffely with respect to income. Whether such
results carry over to an environment with prefeesheterogeneity is an important open
question’’ More importantly, the empirical relevance of desitial zoning is unclear. Evidence
on the extent of intra-community household hetenegg (Epple and Sieg, 1999; Hardman and
loannides, 2004; Pack and Pack (1977)) and lotteterogeneity (Epple, 2006) is not
supportive of the argument that zoning is a godibstute for head taxes.

Our analysis abstracts from commuting c4&t& conjecture is that commuting costs
will reduce gains from Tiebout sorting simply besaudhe implied geographical sorting is
unlikely to be consistent with otherwise optimaidential choice that would arise in a
centralized regime.

Jurisdictional competition in the provision of ldgaiblic goods introduces a potential
productivity gain from decentralization. This Heeen intensively studied in the provision of

public schooling, but there is anything but agreethea its effects (see e.g., Hoxby, 2000 and

“"The modeling challenge for such a generalizaticghésdifficulty in characterizing voting equilibriuwhen there
are multiple sources of voter heterogeneity andipialpolicy instruments.
8 See deBartolome and Ross (2003,2004) for anal§digebout metropolitan equilibria with commutingsts.
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Rothstein, 2007). On the other hand, inter-juogdnal spillovers from local public goods and
scale economies support centralization.

We have emphasized schooling as the primary ladaligppgood. The existence of
private schooling raises the question as to howelative efficiency of centralized versus
decentralized public provision is affected by ptévenarket alternatives. Nechyba (2003) finds
that relatively wealthy households that choosegteschools will live in poorer school districts
in Tiebout equilibrium, implying more limited hous&d sorting. He finds as well that Tiebout
equilibrium increases choice of private schoolatreé to centralized provision of public
schooling. The net effect on welfare of thesedsris unclear and of interest to investigate.

Finally, communities provide multiple local pubioods. While this increases the
potential gains from decentralization, it mightdigen the residential choice externality that we
find to be so damaging. A major research challengexamining this is, of course, finding a
satisfactory characterization of political equilibbon when multiple public goods are provided.

This paper does not, of course, refute Tieboutsiment. Rather, it tells a cautionary
tale about applying first-best arguments in a sddmest environment. We think that it is of
much interest to explore further the quantificatodrthe welfare effects of local public goods

equilibria.
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Appendix. Proof of Proposition 1: We suppress the commurnitdicator in the proof.
a. Substituting (1) into (2), a voter’s preferrdubice of t corresponds to the choice of (p,g) that

solves:

MaxV(p,g:ye) (A1)

s.t.gN=(p- R)H. (R ) (A2)
where, recall, pand H are fixed in this stage, as well as N. Since $tristly quasi-concave
and the constraint (A2) is linear, voter preferemese single peaked. Thus majority voting
equilibrium exists and is the preference of a megieference voter. Strict quasi-concavity of
V and linearity of the constraint (along with Inadandition) imply every voter’s preferred
choice is unique and interior; thus equilibrium isigue.

b. and c. The first-order conditions for a votepi®ferred choice are:

\Y/
-9 = ﬁ (A3)
Vp H,

and (A2). Let dy,a) denote the preferred choice of g by votes)y Differentiating (A2) and
(A3) one obtains:

o _ (v, 1V,) /0a 0 ”
Ou 1 o(Vy IV, ) V], 0CV% /1Y)
op (A og
and
) a(-Vv, /v )/a
ag = ( 9 p) y >0' (A5)
o AV IV, Y LIV 1Y)
op (A 0g

The denominators in (A4) and (A5) are (with sigagipve by strict quasi-concavity of V. The
numerators are positive by 8Rnd SRI (see (5)), implying the inequalities. dfetenote
equilibrium g, which satisfies’s g (y,«) for median preference voters. L&(q) satisfy the
latter equation, which is continuous and uniqueA¥) and (A5). Differentiating® g (y,0)

one obtains:

dym - _ag* /00 <0 (A6)
do  og /dy
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the inequality by (A4) and (A5). Thus the locumetlian-preference voters is downward
sloping as illustrated in Figure 1%.

Any voter in community j with ¢),to the southwest of th&(y) locus has flatter
indifference curve through {@°) in Figure 1B than any median preference votethagysingle-
crossing conditions. (Any median preference vbés indifference curve with the same slope
through (d,p.) Such voters: (i) prefer lower g and p thafi§9); and (ii) would vote against
any tax leading to higher g and p. The revergeus for any voters with (g) to the northeast of
the y'(«) locus. Voting equilibrium then requires (6), aiicompletes the proof of Part b. By
(1) and (2), preference for higher (lower) g andgeresponds to preference for higher (lower) t,
implying Part c. =
Proof of Proposition 3:(a) First we show that, =n, =0. From (20) and that the allocation is
differentiated:

@l +n,(0N, /9y)=w, for all households (¥) assigned to community i. (A7)
Multiply through (A7) by & and integrate to obtain:

[.0Uja fdydx+n, | S‘Z—r;d a fdya = Nay, (A8)
Then (A8) and (25) imply:

A =0. (A9)
Also (A9) and (24) imply:

tay = @ (A10)

Sincewr > 0, if t = 0, theny; = 0 and the reverse. Now we show that0 implies a

contradiction. Multiply through (A7) bii, a f and integrate to obtain:

" o O
_[Swulhdai fdydr = Wr Hs_r] i_[sa_; hd g fdyd (A11)

where we have substituted the housing market ahegraondition ((16)). Now substitute from
(A9), (A10), and (A11) into (27) to get:

1+t oh h, g ), 1t bty Bt
D Gl & a fdydo —a fdydi — e —tr=C
n'{H;[ 6p +I fLa tp dj R e = P Ip}

This simplifies to:

9 The proof does not require thdl(y) is everywhere interior to the set of residentiale example in Figure 1A.
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(o (on, oH, .
:—{ js(a—;+a—;hdjafdych} =0 (A12)

The term in parentheses in the integrand in (A%2he slope of the compensated demand for
housing and is then negative. Hence, the intetgrah is negative, implying = 0. This
contradicts (A10), so it must be thatty; = 0

Sincet= 0, T; = g; by local budget balance (i.e., (17)).
(b) Usingyi = 0, substitute from (25) into (26). Then uset thi); equals a constant from (A7)

to obtain the Samuelsonian condition for a congepigblic good:
J U_i-saﬁfdycb‘ =N. (A13)
S U'1

(c) Using the results in part (a), (21) and (22)pimthat a household is optimally assigned to the

community where;¥is maximized. [
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Baseline Model

Positive Properties
P1
P2
P3
P4
P5
Y1
Y2
Y3
Y4
Median Income J1
Median Income J2 =
Median Income J3 =
Median Income J4 =
Median Income J5
N1
N2
N3
N4
N5
t1 =
t2
t3
t4
t5
gl =
g2
g3
g4
g5 =

Distributional and
Welfare Results
Interval of income made
worse off

% of pop. made worse
off

(-) Per Capita CV
(-) A Housing Rents
(-) [CV + A House Rents]

Table2'

Property
Property Property Tax / Fixed Efficient
Tax Tax Head Tax Boundaries Allocation
One Multiple Multiple Multiple Multiple
Jurisdiction Jurisdictions  Jurisdictions Jurisdictions Jurisdictions
$17.13 $12.69 $12.93 $16.62 $13.02
$15.21 $13.76 $17.53 $13.75
$16.62 $13.77 $17.53 $13.74
$18.43 $13.78 $17.50 $13.72
$22.61 $13.78 $17.34 $13.61
$28,589 $56,409 $57,950 $57,950
$39,990 $82,073 $84,067 $84,067
$56,931 $119,902 $122,768 $122,768
$89,598 $192,823 $197,811 $197,811
$36,942 $17,140 $25,741 $26,076
$33,866 $67,131 $68,840
$47,475 $97,029 $99,320
$69,929 $144,849 $148,279
$128,816 $249,542 $255,332
39% 68% 69% 69%
15% 13% 13% 13%
15% 9% 9% 9%
15% 6% 6% 6%
16% 3% 3% 3%
35% 35.33% 35.17%
35.24% 35.17%
35.20% 35.17%
35.14% 35.16%
34.96% 35.11%
$3,830 $1,195 $1,691 $1,952 $1,829
$2,390 $4,410 $4,887 $4,569
$3,359 $6,374 $7,071 $6,612
$4,988 $9,516 $10,679 $9,987
$10,987 $16,393 $20,665 $17,922
Low bound $8,500 $0 $0 $0
High bound $349,500 $66,500 $57,500 $65,500
95% 75% 69% 74%
-41 714 1158 726
-0.22 721 -3.17 711
-41.68 1434.82 1154.37 1437.13

The P’s are net housing prices; the Y’s minimunomes in the jurisdictions; the N's are the percgata
populations; the t's are the property tax rates.; the g's are public good expenditures.
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Minus Compensating Variation

Minus Compensating Variation

Minus Compensating Variation by Income
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Minus Compensating Variation in Efficient Allocation
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Actual and Predicted Values for Tax Rates, Government Spending,
and House Values in Boston Metropolitan Area
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Figure3
(Solid line is predicted value.)
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