I nefficiencies from Metropolitan Political and Fiscal Decentralization:
Failuresof Tiebout Competition

Stephen Calabrese
Tepper School of Business, Carnegie Mellon UniterRittsburgh, PA 15213
sc45@qatar.cmu.edu

Dennis Epple
Tepper School of Business, Carnegie Mellon Uniwer§littsburgh, PA 15213
(and NBER)
epple@andrew.cmu.edu

Richard Romano
Warrington College of Business Administration, Uamisity of Florida, Gainesville, FL
32611-7140
richard.romano@cba.ufl.edu

June 23, 2008

"The authors thank Jan Brueckner, David Denslowathmm Hamilton, Andrew
Haughwout, Jonah Rockoff, Al Slivinski, and semiparticipants at Brown University,
Columbia University, the Federal Reserve Bank oivN@rk, Indiana University,
Queens University, Syracuse University, the Uniwgisf Western Ontario, and the 2007
APET Meetings in Nashville for comments and theidt&l Science Foundation and

Urban Institute for financial support.



I nefficiencies from Metropolitan Political and Fiscal Decentralization:
Failuresof Tiebout Competition

Abstract We examine theoretically and quantitatively wedfare effects of
decentralized (Tiebout) provision of local publmogls as compared to uniform
centralized provision. We show that inefficiencassociated with property taxation
offset the potential welfare gains from matchingyision to preferences under
decentralized provision. We identify an exteryalit community choice as the major
source of inefficiency: Poorer households crowddinieurbs while avoiding taxes by
consuming little housing. Our quantitative findsngre based on a variety of estimates

including an estimated model of the Boston MetrdanlArea.



1. Introduction.

The analogy between competition among firms irvigliag private goods and
“Tiebout (1956) competition” among jurisdictionspnoviding local public goods is
central to the economic study of local public finan The basic idea is that household
mobility will induce jurisdictions to provide effient mixes of local public goods and
taxes, or they will fail to attract residents. Begng with the pioneering work of Oates
(1969, 1972), a large literature examines wheratteogy is sufficiently compelling so
that inter-jurisdictional competition is efficieahd the nature of departures from
efficiency when these conditions are not fulfilfedror efficiency, essentially the tax
system and housing-market prices must control atgrralities in residential choice
with also efficient governmental choice of the lievef the local public goods. While
standard models frequently fail to meet the coadgifor efficiency, economic intuition
suggests that some Tiebout competition is betterashvthan none: The alternative of
uniform centralized provision will do nothing to tolh heterogeneous preferences to
provision of local public goods. This paper chadjes this intuition, showing that, in
practice, inefficiencies in Tiebout competition #agge. Indeed, results from both
calibrated and estimated models suggest that #igdiencies arising from
decentralization are of comparable magnitude tgtbeé&rence-matching benefits of
decentralization. Thus, rather than producing galasentralization may well result in

aggregate welfare losses.

Theoretical papers inspired by Tiebout (1956) includelEhn (1971), Oates (1977), Stiglitz (1977),
Westhoff (1977), Wooders (1978), Rose-Ackerman (19K8gasin (1979,1980), Starrett (1980), Bewey
(1981), Boadway (1982), Brueckner (1983), Epple, Filimaod Romer (1984,1991), Scotchmer (1986),
deBartolome (1990), Benabou (1993,1996), Goodspeed }19&mandez and Rogerson (1996,1998),
Wilson (1997), Nechyba (1997,1998), Epple and Roma@03f. and Calabrese, Epple, and Romano
(2007). See Epple and Nechyba (2004) and Scotchmer (2002cént surveys of this literature and
many more important papers on this topic.



The model we consider is not contrived. A metib@o area is made up of
multiple jurisdictions with given boundaries. Hetslds differ by income and a taste
parameter with utility function over numeraire comgtion, housing consumption, and
the level of the local congested public good (gegr,student educational expenditure).
The local public good is financed by a propertyttaat is chosen by majority vote of
residents of the jurisdiction. Households chookere to reside, and then vote in their
jurisdiction and consume. Our findings regard sagken an income-stratified
equilibrium exists, i.e., when a Tiebout-type eifpiilm 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 specifiggdameters. We go on to show the same
holds in an estimated model of the Boston metrtgolarea. We know a priori that the
Tiebout equilibrium will not be Pareto EfficienEirst, majority choice of the tax level
satisfies a median resident’s preference and wilgenerally satisfy the Samuelsonian
condition for efficient provision of the local publgood. Second, the property tax
causes a distortion in the housing market, whhead tax would be non-distorting and
efficient. Third, the latter distortions imply exhalities in individual residential choice.
With local head taxes chosen efficiently and eftitim household choices of
jurisdictions, the modified Tiebout allocation wdwgenerate substantial welfare gains.
With the imperfect system, these potential welfgais are not just lost, but are
frequently reversed. We provide computational enak that the most costly
inefficiency is the externality in residential cbes. Too many relatively poorer

households move into richer jurisdictions. Effigisorting would be more exclusive

2 As described in detail below, such an equilibrium wilse for realistic parameter values when standard
single-crossing conditions are satisfied.
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than arises in equilibrium. It is rather surprgsthat getting part way to an efficient
Tiebout allocation is frequently less efficientth@o sorting.

Section 2 provides a simple example that illussatur key finding. Section 3
presents the theoretical model and associatedy®oaiid normative properties. A
calibrated computational model is analyzed in $&cti. The estimated model and
associated welfare calculations are presentedatidbeb. Section 6 concludes. An
appendix contains some proofs.

2. A Simple Example.

We begin with a brief summary of a simple exantp is not intended to be
realistic but illustrates our key finding. Thisample conforms to the theoretical model
developed in detail in the next section so any el@sthat may be unclear here will be
explained fully. We compare a centralized equilibr where all households live in one
jurisdiction and choose by majority vote a propeaty to provide uniform provision of a
congested public good to a Tiebout equilibrium veheouseholds choose between two
jurisdictions each of which chooses by majorityevof residents a local property tax for
local 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 incorh§X®0,000. Households have CES
utility function over housing services, the pulijimod, and numeraire (composite private
good) consumption, with parameters in Table 1 priesklater. In the centralized
equilibrium, housing services are competitivelysigd with constant elasticity of
supply equal to 3. Centralized equilibrium has@mper unit of housing services equal to
$16.74, a tax rate per unit of housing servicegkguabout 35%, and per household

provision of the public good equal to $3,490. Tagellected from poor households are



$1,745 and from rich households are $6,980, tHerdifice due, of course, to different
levels of consumption of housing services.

In the Tiebout equilibrium, the two jurisdictioeach have one-half the land area,
splitting the supply of housing services equallywen the jurisdictions. The poor
jurisdiction contains all poor households consgtfi 49% of the total population, and
the remaining poor and rich reside in the richesgliction. A poor household is the
pivotal voter in the former jurisdiction and a ricsbusehold is the pivotal voter in the
latter. Rounding, the property tax rates remaih 3® each jurisdiction, but the per
household public good expenditure equals $1,7%8ampoor jurisdiction and $5,217 in
the richer jurisdiction. The net prices of houssggvices ascend from $14.03 to $18.60.
In the richer jurisdiction, taxes collected fronpptouseholds are $1,762 while $7,047
from rich households.

Everyone is worse off in the Tiebout equilibriuncluding land owners who are
absentee in the modelt is not surprising that the poor are worsesitfice they cannot so
easily free ride on the rich. The short answepaghy the rich are worse off is that the
sorting mechanism, housing prices, is very inedfiti The long answer is provided
below, where we show that the finding here (of @e@rage welfare loss) is not at all
pathological.

3. Theoretical Analysis.

a. Elements of the ModeDur intent is to examine an archetypical moded of

metropolitan area with property taxation. Housdkldlave a utility function over
numeraire consumption x, housing consumption h thedevel of the local public good
g measured in dollars. Households differ by endbimeome y and a taste parameter

with the latter measuring taste for the local publbod as clarified below. The joint



distribution on household type {,is continuous and given by Ry, with joint density
function f(yq) assumed positive on its supp& [, a]x[y,y] OR:. Let U = U(x,h,g;

a) denote the household utility function, strictlyagi-concave, increasing, and twice

continuously differentiable in (x,h,g). Furthestéctions 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 is divideo J jurisdictions, each with non-

decreasing housing supply functieti(p’), wherep! denotes the net-of-tax or supplier

price of housing, and j = 1,2,...,J henceforth uniedgated otherwise. We assume
absentee housing owners that supply housing cotiwedti but will account for their

rents in our welfare calculatioisWe assume absentee housing owners simply beitause
is most standard.

Equilibrium is determined in three stages. Finstyseholds purchase a home in a
jurisdiction. Second, they vote in their jurisdct for a property tax that is used to
finance the local public good. Last, the locallpugood is determined from local
governmental budget balance, and households con@itheugh their housing
consumption is determined in the first stage). $éhwlds have rational expectations,
thus anticipate all continuation equilibrium values

This specification conforms to the case sometiocadied “myopic voting,”
because households take as given residences, passisumption, and the supplier

price of housing when voting, which are all esistidid in the first stage We examine

% One interpretation is that the MA is divided into gdlictions with fixed amounts of land, and land is
combined with elastically supplied factors to produce unitsooking. Then the “absentee housing
owners” could just as well be absentee land owners. lin8eLtwe provide a specific example of this.
* The label “myopic voting” is potentially confusing sinasters are fully rational given residence and
housing consumption have been committed in the firsestage “myopia” interpretation arises if
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this case because it is historically the most siethdase in the literature. We show in the
robustness analysis in the appendix that the veeltsms we find from Tiebout sorting
increaseswith other standard specifications of the timiriglooices and thus voter

beliefs that may be more appealing.

b. Positive Properties of Equilibriurio provide a formal description of equilibrium,

begin with the third stage. Lg(y,a) denote the density of household types living in
jurisdiction j, { the property tax rate, ang(\ya) housing consumption of householdody,

all of which are given in the third stage. Thesgrdiousing pricgp, ),local public good

level (g), and household numeraire consumption are detedrnimthe third stage,

satisfying respectively:

p, = (L+ )R ; (1)
g, f(y.c)dyda = t R H () (2)
and
X =y-(@+t)plh (v.0); 3)

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

the public good implicit in (2) is also fairly stdard, as for public schooling, and avoids
issues of economies in providing local public goo@bviously, the third stage values
exist and are unique for any input vector.

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

the utility function and write indirect utility ofdusehold (y) as a function ofp;,g, ):

households could move or otherwise adjust housing cgption after voting, but voters fail to recognize
this. Equilibrium is the same with either interpretati@mtause no such changes are made in equilibrium in
either case.
® Because households will correctly anticipate all equilibriumesgla negative numeraire will never arise
in equilibrium.
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V(p;,g;;y,0)=U(y-ph (yo).h (yo ),gar ) (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, a), h; (y,), p).
Suppress the j indicator and compute the slopa afdifference curve of V = constant in
the (g,p) plane:

@ :—ﬁ:ugluy' (5)
Vp

dg V =const. h(y’a) ,

where the arguments in the numerator of the rightdlseade of (5) are the same as in the
right-hand side of (4). We make the following ‘@li&crossing assumptions” with

respect to indifference curves in the (g,p) plane.

6((dp/dgjvzconst.) >0
ay

(SRI)

and

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

> 0. (SR

Assumption SRI, “slope rising in income,” means tihat willingness to trade an increase
in housing price for higher g rises with incometultively, from the right-hand side of
(5), one can see that this corresponds to casegwimarginal value of g rises faster
with income than does housing demand. We providengies of and evidence
supporting this assumption below. The intendedreatfithe taste parameter is
embodied in Assumption SR For given income, higherhouseholds are also more

willing to trade an increase in housing price fargased g.



Proposition 1 summarizes key properties of thengattage, with properties
illustrated in the panels of Figure’ 1.
Proposition 1: Assume that V(@;y,o) is twice continuously differentiable and strictly
quasi-concave in (@) for (p,g) > 0. Assume also the Inada condition that
V, - wasg- 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}'(«) satisfying:

Y (a

J

)
f,(y,a)dydr = 5N;; (6)

[ —

N, = [[ f (yo)dyds. (7)

l

[ —]
< —y]

c. Households living in community j withdyto the “northeast” (“southwest”) of the
yJ’.“(a)Iocus in the 4,y) plane prefer a higher- (lower-) than equilibmutax. (See
Figure 1A.)

Proposition 1 is a generalization to taste vanmatibwell known results in the literature
and is a variation on Propositions 1 and 2 in Epplé Platt (1998). We provide a proof
in the appendix for completeness.

Remarks on Proposition 1:

1. An example that satisfies the conditions forg@sition 1 is the CES utility function:
U =[B,x"+B,h* +B,(a)g’ 1%, with p < 0 andBy (o) > 0. We examine a variant of the

latter in detail in Section 3.

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



2. The analysis is much simpler without taste emm in which case V need not be
quasi-concave to obtain the analogue of the resfiBsoposition I. With taste

variation, the quasi-concavity condition need rextessarily be invoked. See Epple and
Platt (1998) for an alternative condition.

Now consider the first-stage household choicestl@dmplications for the full
(three-stage) equilibrium. Households choosedist®ons and housing consumption in
this stage. Since households correctly anticipltequilibrium values, their housing
consumption satisfies ordinary demand, which weotkeby . Thus a household that

chooses to live in jurisdiction j consumes housing:

h=h,(p,g,yn) forall jand (ya). (8)
Given jurisdictional choices, housing market cleasin community j determines the
supplier price of housing:

[.ha(p,.g . ya)f (v, @)dyda = H! (pl); (9)
where psatisfies (1) for correctly anticipatgd t

To determine choice of jurisdiction, find indiradility
V(p;.g,:y,0)=U(y-ph (.9.ya ).h (p.g.0 )90 (10)

Households choose among the J jurisdictions to miaeV, correctly anticipating
equilibrium (p,g), j = 1,2,...,J. Applying the Envelope Theorem, shape ofV =
constant in the {g) plane is of the same form as the slope of V =stamt:

V. U /U
dp =-_9=-_9 V. (11)
VP

d g V=const. hd

" Existence of voting equilibrium then only requires SRhd households with income higher (lower) than
the median income in community j prefer higher (lower)tken the equilibrium tax.
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but evaluated at the same argument values aditg ati the right-hand side of (10). We
make the analogous single-crossing assumptiong @s SRI and S&® which we
reference aSRI and SR. The two pairs of single-crossing assumptionschrsely

related, and, for example, are exactly the santleedrCES example in Remark 1 to
Proposition 1.

Summarizing, an equilibrium arises if the followiognditions are satisfied: In
each community j, () satisfy (1) and (2). Household numeraire condiongsatisfies
(3). The tax rate in each community is the majachioice, where households maximize
V() when voting. Housing consumption satisfiediloary demand, (8), and the supplier
price of housing in each community satisfies hogisimarket clearance (9). Residential
choices maximizé/([

There are two types of equilibria that can ari®eur interest is in Tiebout-type
equilibria with differences among jurisdictionsl@vels of provision of the public good
and with at least some households having stridepgace for their choice of jurisdiction.

Thus, assume for now thgt# g, , for all jurisdictions # | Proposition 2 summarizes

key characteristics of such equilibria:
Proposition 2: Tiebout equilibria with jurisdictienumbered such that g g> < ...< gy

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 hdusdd with income y then y
>y, with equality for at most one income level. Fieg vy, if household with taste
parametera; resides in higher-numbered jurisdiction than hdudd with taste

parametera,, thena; > a, with equality for at most one value aof

11



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

Households that exist with income leydl(a), i > j=1,2,...,) - 1 for whom:
V(p.g:ya) =V(R.9:yn) = Max V(R .g ;ya) (12)

form a boundary in thex(y) plane that partitions residents between commemjtand i
(see Figure 1A). Households on a boundary arefiint between their chosen
residents while all other residents strictly prefeeir residential choice.

Versions of these results are in the literature,(egg., Epple and Platt (1998)),
and we just outline the logic here. Propositiomftest hold to have anyone choose a

lower numbered community. Proposition 2b followenf the single-crossing
assumptionsSRI and SR. Proposition 3c is essentially definitional. Tegiy, a

boundary will be between communities j and j+1,Wwatcannot rule out that for sore
no types will choose a community (implying, e.ghcaundary might be between j and j+2
for somen). Note that Proposition 2b implies that boundaviéll be downward sloping.
Existence of Tiebout equilibrium in the three-stagedel is not guaranteed, but is
not unusuaf. We provide computed examples below. Multipyiaif Tiebout equilibria
can arise if housing supplies differ across judgsdns. For example, with two
jurisdictions having different housing suppliegher might be the lower-g jurisdiction.
Non-stratified equilibrium always exists in the nebds well. Suppose, for example, that
each jurisdiction has the same housing supply.p&sgy further, that households choose
jurisdictions in the first stage such thatff/J for all y. Then the continuation
equilibrium values are the same in each jurisdigtibe jurisdictions are clones. In turn,

the initial residential choices are equilibrium srsnce the households are indifferent to

8 Restrictions on preferences and technology sufficientdstence in the model with no taste variation are
developed in Epple, Romer, and Filimon (1993).
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their community. These non-Tiebout equilibria d require the same housing supplies;
initial residence choices can be adjusted so beasame (p,g) values arise in each
jurisdiction. There are also mixed equilibria gextly where proper subsets of
jurisdictions are clones, these acting like onesgliction in a fully stratified equilibrium.
Such equilibria are unstable (see, e.g., FernaadeéRogerson, 1996). We study here
the (full) Tiebout equilibrium, obviously in casesere it exists.

The comparison centralized equilibrium assumesrtbgopolitan area is one
jurisdiction, with housing supply that is the usaggregation of the jurisdictional
housing supplies in the non-centralized case. Ibguim is determined analogously to
above, but with no alternative jurisdictions to oke from in the first stage and with one
vote of the entire population for the tax rateldaled by consumption and provision of
the public good. From above, it follows that celited equilibrium exists and is unique.
Obviously, no matching of preferences to publicdparises in the centralized case. Our
interest is in the welfare comparison of the cdizigd equilibrium to the Tiebout
equilibrium, when the latter exists. We shouldenibtat the centralized equilibrium
values correspond to those in the de-centralizedst@tified (clone) equilibrium
discussed in the previous paragraph, so one carpiet the comparison this way as well.

c. Efficiency ConsiderationsThe main finding in this paper is that potengticiency

gains from decentralization are, in practice, |§rgissipated.In this sub-section, we
first examine the social welfare problem to provédiheoretical perspective on the
causes of the inefficiency we find. We then gdmaolarify how we measure efficiency
when we calculate welfare effects.

() The Planner’s ProblemWe first characterize Pareto Efficient allocaso Let

o(y,a) > 0 denote the weight on householdijig utility in the social welfare function

13



andog > 0 the same for the absentee initial housing osvhé.et r(yg) denote the
planner's monetary transfer to household)ynd R the total transfer to the initial
housing owners. The social planner is permitteléwyg in community j both a head tax
T; and a property tax;)t the former necessary to obtain efficiency ashaw. After
solving this problem, we will then examine the dosisied efficiency problem that does
not allow head taxation, as this will provide fuathnsight into inefficiencies that arise in
Tiebout (property-tax) equilibria. It is again e@mient to work with an indirect utility

function. Let:

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

the proportion of households ¢y,assigned by the planner to community j.

The social planner’s problem is:

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

(14)

Max L[ .0V (e v+ v.o)-T.g c0a (e e ddyd +ao, RI [ Hz)dz)
sit. R+ |[_r(y,0)f(y,a)dydx = 0, (15)

[Lha(py+ r(y.00)=T,g @)a (v )(yo )dyd = B (p /@& t),% 2,....0 (16)
Tf.a Getva)dydi+ P H (@ I 1R of, 2 00 )f08 )y 12,9 (1)

a (yo)O[o,andy” a(w ¥ O (g (18)

° We assume housing owners have quasi-linear utility iomeaind the social planner treats them all the
same.

14



A solution to the problem is Pareto EfficiéfitSince the problem is written requiring
competitive provision of housing and also requinugsdictional balanced budgets, it
may appear we have imposed some second-best neguite on the “efficient”

allocation. However, as discussed below, thes@sitipns are consistent with first-best
Pareto Efficiency (but see the previous footnotd)s the social weightso(y,a),mr) are
varied alternative Pareto Efficient allocations de¢ermined. If the utility possibilities
set is convex, then all Pareto Efficient allocasi@ne a solution to the problem for some
set of weights! Note, too, that r(y,) = R = 0 will arise in the solution to the planiser
problem for some weights(y,a),mr), Which is the case most naturally compared to the
market equilibrium allocation.

To solve the problem, write the Lagrangian functio

L= Z;[ v fdyda+a, (R/3 [ H dz}) ¥

0

, | ' ; . (19
SN ) afdye BT +En i Raty- o1+ OfRs | vt

where);, n;, andQ are multipliers, we have suppressed argumentsnatibns, \F is
notation indicating that ¥has arguments corresponding to community i, amgtcaint

(18) is taken account of below. The first-ordendition on (r(ye),R) can be written:
_ J i J ahld _ .
—Q =) wUa+) N By 8 =@ D) (20)

where U] is the partial derivative of U with respect tofitst argument and the

superscript indicates evaluation of the function@hmunity i values. (We continue to

use such notation below.) Let:

1%we treat the housing supplies to jurisdictions as a tectivaloconstraint. That is, we do not allow
jurisdictional lines to be redrawn, which would effectivpgrmit trading of housing between jurisdictions.
1f the constrained utilities possibilities set is not\an then one can still find all Pareto Efficient
allocations as extrema of the planner’s problem. Somémwuvould be local minima of the problem but
would satisfy the same (first-order) conditions we deriie.

15



MSVi(y.a) = L, = WV +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 variationtire Lagrangian with respect to type

(y,a).*?> Now taking account of (18), the optimal househaésignment criterion can be

written'>:
=0 <
a (y,0) O[0,1]| as MSY (ya )= | May, MSV (ya 1 (Y& ) (22)
=1 >

To write out the remaining first-order conditiofe;

i I

N, = [.a (v.0)f(y.a)dych ancel = 'Ij (1Eit) (23)

denote respectively the number of residents of comity i and the elasticity of housing

supply. We have:

L, =0 » - +A(1-te )+ e = 0; (24)
oh!

L, =0 - joanfdyobH)\ N - n,j—afdyan_ 0 (25)
L =0_)J‘inafd cb(+r]I% fdydr -\, N= 0 (26)
9 S 38, 1dY! isagi g 1ay i

and

L, =0 - 1;} ij oh a1fdycb( [ oUH afdyd |+ p (e y”(lp“)sw%: C

(27)

2 This is scaled by f(y) just to be comparable across types.
13|f the middle line of (22) characterizes the solutionadousehold y, then the summation constraint in
(18) comes into play. However, we will focus on cases wiseloes not characterize the optimum as
discussed below.
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We restrict attention to cases where it is effici® havedifferentiated
communitiess in Tiebout allocations. This conforms to casesh that dy,0) = 1 for
some community i for a.e. household (see (21) 88))( The alternative has
homogeneous communities. Whether differentiatsooptimal depends on the utility
weights in the social welfare function. Essenjiale want to examine when equilibrium
allocationswith differentiationare associated with externalities in communityioéo

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 caesiswith the efficient allocation. We
will then go on to examine the second-best probldrare only property taxes are
allowed.

Proposition 3: In an efficient differentiated atlation: (a)t,=n, =0 and T=¢ (b) g

satisfies the Samuelsonian conditidrgnd (c) households are assigned to the community
where \Fis 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 tivergonent budget constraint is
economy wide, rather than local. Regarding thenéat households would, of course, be
assigned the level of housing they demand. Regguitie latter, direct income transfers
permit the government to accomplish the same satild levels as would also allowing

transfers across jurisdictions. The reason we kpeeified the problem imposing

14 Equation (A13) in the appendix states the Samuelsoniadition.
17



competitive housing consumption and jurisdictidmadiget balance is because we want
to impose these requirements in the second-beltsethat follows.

2. A key implication of Proposition 3 is that icammunity were to use head taxation to
provide the local public good optimally, then hauslel choice of communities would be
socially optimal. Unilateral choice of communitpuld lead households to choose the
community where Vis at a maximum, which, by Proposition 3c, is@éint. Likewise,
competitive provision of housing is efficient. Then-distorted price of housing and the
head tax efficiently price access to communiti€sere are no externalities in community
choice in this case.

3. This proposition can be viewed as a generatinaif the celebrated decentralization
theorem of Oates (1972). Our framework followsé3ah assuming no spillovers, costs
of provision the same for the centralized as ferdhcentralized case, and centralization
entails uniform provision> Our result extends Oates’s theorem by permitting
households to be mobile and by establishing thatnatly chosen head taxes achieve the
efficient decentralized allocation when househaldsmobile.

To determine the character of jurisdictional ckaternalities in the property tax
equilibrium, we now examine the planner’s problesauaning head taxation is not
allowed. Set = 0 everywhere above and drop the first-order tmmddescribing the
efficient choice of 7 i.e., (25). With T= 0, the other first-order conditions remain
valid.*® Of course,;twill be positive here and is optimally chosen bg planner, but we
will also discuss later the alternative wheris suboptimal. Household choice of a

jurisdiction would now be associated with an exadity, and its character is the focus.

15 See Oates (1999, 2006) for a detailed discussion of the pssngunderlying the theorem and the
importance of those assumptions.
6 We continue to study cases with differentiated allocations.

18



With reference to (21)-(22), the value of what vad the “jurisdictional choice
externality (JCE)” of household @),in jurisdiction i is given by:

JCE (ya)=-A g+n b (p.yr r(ya ).9q 82
JCE(y,a) equals the social value of choice of communlty household (y,) in excess
of the household’s own (weighted) utility. Thus J@k) measures the social benefit or
cost imposed on others when household)(ghooses to locate in jurisdiction i. We
assume now to simplify the analysis that housingate is independent of, @s arises
in the cases we analyze belbw.

To convey the main results here, we introducd enbre notation. Letd)

denote a household’s compensated demand functidrtsing. Let:

_tph(pLy+ rlyo)o),
T(y,a) = 1) ; (29)
and
6 =— (1p+ Ve . (30)
(L+1)el —,{jsa[;afdyon

Observe that; is household (y,)’s tax payment in jurisdiction i, ané| UJ[0,1]where the

integral term in the denominator @fis a weighted average of households’ compensated
demand elasticities. We have:
Proposition 4: (a) The jurisdictional choice extatity in the planner’s solution
satisfies:
JCE(ya )=-Alg-5 (YR | (31)

with

" We also indicate what changes if housing demand doesdlepean
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[ aia fdyda
- ==:8 >
i N

A

0. (32)

(b) ICE(ya )~ -A g assl — 0, JCE(w ) -4 (g7 (w )ag - o

(c) JCE(y,«) 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:

— L Pé,
1 | \ a 1 i "
,ﬂ’iLGEa fdyda - (1+ 1 ¥,

(33)

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

(b) These results follow trivially from (31) ancetdefinition 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 equilibrium alidion with efficient property tax

would have too many households choosing jurisdisti@ith high g’'s, especially poorer
households (assuming housing demand is normak. value of the externality for a
household is highest, ironically, when housing $yefasticity equals 0. In this case, the
entire tax is, of course, absorbed by the absdmesing owners; and there is no

distortion in the housing market. But there is @fficient pricing of the congestion

181f housing demand depends qnthen a sufficient condition fdr 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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externality from consumption of the local publicogd® While the level of the
externality for a poorer household that choosesheer community is higher with lower
housing supply elasticity, capitalization of higlgein housing prices is inversely related
to the housing supply elasticity. We find compiatadlly that the increased
capitalization acts as a substantial deterrenbtwgr households choosing richer
jurisdictions and welfare rises as the housing Buglasticity falls*® In any case, poorer
households that consume less housing have an meéatcrowd richer jurisdictions.
The equilibrium does not exhibit efficient choidepooperty tax due to majority choice,
but this distortion is typically minorThe theoretical distortion identified here — poorer
types crowding richer jurisdictions — we find belawbe key to the welfare losses from
Tiebout sorting that arise with property taxation.

2. Note from (33) that the multiplien) on the housing-market clearance condition is
positive except when the housing supply elastisify. This is because the gross housing
price inefficiently deters housing consumption @&dot enough to deter poor
households from moving into high-g communities.gigng housing consumption in
excess of demand could then improve efficieficyf the tax tis inefficient (i.e., is not
chosen by the planner), one finds that

t| [LoUih,a fdyd - (1+, )':T [oua fdyd}
i (34)

n, =

ah on @+ LEH, |
c g folydo+ { [ 200 g folyax — - FsTs
Jogp @fdyabr+ ] v afdy ’

¥ Household community choice would be efficient if thealqaublic good were not congested.

%0 This analysis is in the appendix on robustnessettmputational findings.

2L See Calabrese, Epple, and Romano (2007) on residential zbatrimproves efficiency.

2 Thjs is found by solving the planner’s problem wjtexogenous, hence suppressing condition (24). We
continue to assume thatmust be 0.
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Now n; can be positive or negative. This is becauseight be over-provided
(conditional on using property taxation) and limgihousing consumption would reduce
this distortion.

(i) Measuring WelfareWe treat the centralized equilibrium as the staguo and

use (the negative of) aggregate compensating \@riassociated with the Tiebout
equilibrium as our welfare measure. Léfyb) denote utility of household () in the

centralized equilibrium and 'y,0) utility in Tiebout equilibrium. Let v(y) denote

compensating variation, defined ifi({o) = U'(y+v,0). LetCV = J'Sv(y,a)f (y,a)dyda

denote aggregate household compensating variatienR°® :Zj:ljops H! (p)dp denote

housing rents in the centralized equilibrium, whpfelenotes the net housing price. Let

RT :Z;:l Ops H! (p)dp denote housing rents in the Tiebout equilibrivBempensating

variation of the absentee landlords is given By R'. We report W= - [CV + R —

R'] as our welfare measure, while also reporting egate consumer welfare (-CV). The
negative of compensating variation is reported positive value indicates a gain from
Tiebout sorting.

We know a priori that the Tiebout equilibrium igtiPareto Efficient. If
households choose residences and housing followedfibient public good provision
satisfying the Samuelsonian condition financed bgad tax, then equilibrium would be
efficient (Proposition 3). Such an allocation wbudaximize our welfare measure (i.e.,
the negative of aggregate compensating variafionn the Tiebout equilibrium we
study, the housing market distortion from use pf@perty tax to finance public

provision is generally inefficient. Likewise, majy choice of the level of provision of

% This is proved in an appendix available on request.
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the local public good is generally inefficient. éde inefficiencies further imply that
externalities arise in the individual choice ofidesices as we have shown. We know,
then, that if we calculate welfare analogouslyamg from the centralized equilibrium to
the efficient head-tax equilibrium, denoted by Mhat W' > 0 and W > W'. In spite of
the latter inequality, we perceive a strong bedieiong economists that W 0 is to be
expected: Some aggregate welfare gains will arma the equilibrium matching of
households to relatively desired public good lef&lfn fact, we will see that this belief
appears to be overly optimistic. We show below ithia frequently the case that'W 0
when W' is substantial.
4. Computational Analysis

We first examine a calibrated computational makdat demonstrates the
tendency for decentralization to be inefficientisSTtomputational model also permits us
to delineate the magnitudes of the various souwte®efficiency. We then employ a
more general model estimated using data from tre#dBoMA 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. Housdhudillity is assumed to be CES:
U=[Bx" +B,h" +B,g"]"". (35)

We must calibrate the MA income distribution, thanber of jurisdictions, and the

parameters of the utility function and housing syppnctions. The distribution of MA

income is calibrated using data from the 1999 AosriHousing Survey (AHSF.

Median income reported by the AHS is $36,942. Yslata for the 14 income classes

24 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(), will be negative
and offsetting for those that choose richer communities findehat the offset does not typically occur.

2 http://lwww.census.gov/hhes/www/housing/ahs/99dtch@/ib2. html
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reported by the AHS, we estimate mean househottmiedo be $54,710. These values
and our assumption that the income distributidogsiormal imply Iny ~ N(10.52,.785).

We assume constant elasticity housing supply fandti each jurisdiction. Such
a housing supply function arises if units of hogsame produced competitively by
combining a jurisdiction’s inelastically supplieahid L; with an elastically supplied factor
q according to constant-returns production functios L'q"”, y(0,1). Specifically,

then

1y

HL =L (pl) (%] , (36)

where w is the given price of input . The quanit housing available at given housing
price then varies across jurisdictions proportiehyato their land endowment. In our
baseline calibration, we assume five local jurigdits in the MA — a large city and four
smaller suburbs that have equal area. The totdlsapply in the MA is normalized to 1.
The city is assumed to have 40% of the total laed and each of the suburbs 15%. We
assume that the city is the poorest jurisdicti®he jurisdictions are numbered from
poorest to richest: Hence; E .4, and L = L3 = L4 = Ls = .15, where |.equals

community j's land share. The paramet@quals the share of land inputs in housing in
our model. Based on the empirical evidence (se@igctussion in Epple and Romer,
1991), we set = Y. Note from (36) that this implies a housing@y elasticity equal to

3.26

% 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 elgstive 6.8. Other estimates also find a higher
elasticity than 3 (see Mayer and Sommerville, 2000, and E@plelon, and Sieg, 2007). In the appendix,
we show that increasing the housing supply elasticity reisudtdigher welfare loss from Tiebout sorting
under property taxation than in our baseline calculation.
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The remaining parameter values arg, ,f,,,andp, from the utility function

(35), and w from the housing supply function (3&he calibrated parameters are
summarized in Table 1. The remaining calibrat®based on the single jurisdictional
equilibrium for simplicity. First, we s€& = 1, a normalization. While less obvious, w is

also a “free parameter,” which we also then seakul. To see this, note from (36)

y-1 1y 1-y

that the housing supply function for the MA ist, = (w) v (ps)T (1-y)v , and this is

the only place that w appears in the model. Fgryashanging w is equivalent to
changing the units of measurement of housing. dolierium values relevant to utilities
then vary with w.

The values ofg, Brn, andp are set so that in the single jurisdictional eftiiim
the median voter chooses t = .35, the net-of-t@eediture share on housing equals .20,
and the price elasticity of housing is very claselt. At = .35 implies a tax rate on
property value that is realistic, on the order &2 to 3.09%’ The expenditure share on
housing of .20 is in the range of values estimatdte literature (see Hanushek and
Quigley (1980). Likewise, the housing market kteire indicates a price elasticity close
to -12% The implied values di;andpy, are, respectively, 0.094 and .356. Wepset-

.01, which implies a price elasticity of housingrdmd equal to -.993, while also

27 Observed property tax rates are expressed as a percerpe@tftpralue. In our model, rates are
expressed as a percentage of annual implicit rent. Emplthyéngpproach of Poterba (1992), Calabrese
and Epple (2006) conclude that tax rates on annualized implité& can be converted to rates on property
values using a conversion rate on the order of 7% to ®4s, our annualized rate of .35 translates to a tax
rate on property value on the order of 2.5% to 3%, whithe®rder of magnitude of observed property
tax rates.

% See Rosen (1979), Hoyt and Rosenthal (1990), and Ragebtita, and Gabriel (1991). Hanushek and
Quigley (1980) obtain somewhat more inelastic estimates.
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implying SRI and existence of a Tiebout equilibriwhen there are multiple
jurisdictions?

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 basedpecification, with
positive results in the upper panel and normaiseilts in the lower panel. Recall that
we report the negative of compensating variatidnesso that gains from Tiebout
sorting correspond to positive values. Column thefupper panel shows key values in
the Tiebout equilibrium and column 1 correspondiatyes in the centralized
equilibrium where the MA is one jurisdiction. Igeathe other columns for the moment.
The Tiebout equilibrium is income stratified, supgpd by ascending housing prices,
although the property tax rates vary little and\agy close to that in the centralized
equilibrium. Because these tax rates apply totanbially different housing
expenditures, the public good levels vary subsalinti

The lower panel shows the welfare effects. Onéygbor and very rich are better
off in the Tiebout equilibrium, with 95% worse offigure 2A graphs the negative of
compensating variation against household income a¥@rage consumers are worse off,
with an average (minus) compensating variationddf. $The absentee land owners
experience a negligible welfare loss. Column ®regpvalues in the efficient allocation
discussed above, and Figure 2B graphs welfare ggiaisst income. Although 74% of

households are worse off in this allocation, hookihexperience an average welfare

2 A p = 0 implies a Cobb-Douglas utility function and a petasticity of demand for housing exactly
equal to -1. Here SRl fails and an equilibrium with Tidtsmrting does not arise in this case.
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gain of $726 and land owners an average gain af $Hence, the environment is one
where Tiebout sorting could lead to substantiafavelgains on average, yet these not
only fail to be realized in property tax equiliomubout are reversed.

To delineate the sources of the welfare lossesatiise 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 thaase reflects the preference of the
median-income household in a jurisdiction, whichegyally differs from the choice that
would maximize average welfaf®.Third, externalities arise in household choice of
jurisdiction, which we show is the primary sourdevelfare loss.

The second, majority voting inefficiency, is gerigraelieved to be small in
these models. To verify this here, we compute ifuiisdictional equilibrium with
majority choice of a head tax. Equilibrium is deteed precisely as in the property-tax
model, but voting is over a local head tax thalyftihances the local public good.
Versions of Propositions 1 and 2 apply to thisatioh of the Tiebout sorting mod#&l.
Values for this equilibrium are shown in columnf3rable 2. The head taxes are, of
course, equal to the levels of public good provi§fo Comparing column 3 to column 5,
one sees that the allocation is very close to fii@ent allocation. The welfare gain
relative to the single-jurisdictional equilibrium 9.8% of the potential welfare gain

from sorting.

%0 If median income were equal to mean income and if the (indinétity function were linear, then the
preference of the median-income household would maximize averdfgge. But neither of these
conditions is satisfied. These biases are well known.

3. The ascending bundles property trivially regards the feadbt the housing price. Since the head tax
is a deterrent to moving into a jurisdiction, it is thegwally possible that housing prices could decline with
the level of the public good.

%2 Because the calibration of income begins at 0, some houséhdlk poorest jurisdiction cannot afford
to pay the $1691 head tax. The proportion of the papul& only .000251, so we simply ignore this.
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The welfare loss in the Tiebout equilibrium isriiargely attributable to property
taxation and household jurisdictional choice exaéties rather than voting bias. To
delineate these effects, wesignhouseholds to jurisdictions as arises in the ieffic
allocation, but then they vote for a local propésay to finance the public good. Hence,
this allocation essentially removes externalitresf household choice of jurisdiction,
while retaining the property tax distortion (as Mad the small voting bias). This is not
an equilibrium allocation because some househotdddprefer to move. The
associated values are reported in column 4 of TAbM/e see that most of the potential
welfare gain from efficient sorting arises in thikcation; about 80%.

We conclude that the jurisdictional choice extétyas the main cause of the
welfare loss we find. As already discussed, neddyi poor households crowd into richer
jurisdictions to consume high levels of the pulglood, while free riding on richer
households that pay more in taxes and on the adesérid owners. As one way to
illustrate the free riding in the property-tax Taelh equilibrium, we compute the ratio of
the tax payment (or housing consumption) of ther@staresident to the mean-income
resident in the four suburbs. Moving up the wehbldrarchy of suburbs, these ratios
equal .84, .84, .80, and .57. From another petisgeceferring to Table 2, we see that
the equilibrium populations of the richer jurisdiets are substantially higher and the
income levels substantially lower than in the edint allocation. The fundamental
explanation for the welfare loss in Tiebout propeaix equilibrium is that the resulting
sorting of households is inefficient; it's not sifi@d enough! While we are in a second-
best economy so that “anything can happen,” weertlkegless, find this very surprising.
Given property taxation, the model indicates thatdegree of Tiebout sorting is crucial

for welfare gains to be realized. While it is wiallown that Tiebout sorting is not good

28



for poorer types, that it will sometimes be alsd ba average makes it difficult to
support such decentralization.

The welfare loss we find is not contrived. T@enne robustness, we vary the
equilibrium concept with respect to the naturessuamed voter beliefs and the
parameters of the model. The analysis is an appendilable on request, and we very
briefly summarize here. Two alternative specifmas of timing of choices and voter
beliefs are analyzed. An alternative where vaa@tscipate changes in housing
consumption, but not in jurisdictional choice, In@gligible effects on our findings. An
alternative where voters anticipate both changé®using consumption and
jurisdictional choice leads to substantially highaifare losses from Tiebout sorting in
property tax equilibrium.

Increasing or decreasing the number of jurisditiby one has very minor
effects. Reducing, hence the elasticity of substitution in the CHESty function, leads
to welfare gains from Tiebout sorting under propéaiation®® Households consume
more housing and are more reluctant to reduce lleeising consumption. However,
even withp reduced to -.5, thus doubling the elasticity distiiution relative to our
benchmark calibration, less than one third of thieptial gains from decentralization are
realized.

Reducingy increases housing supply elasticities and weltsses from Tiebout
sorting with property taxation increase rapidlyouding prices rise more slowly as poor
households move into richer jurisdictions, worsgrtime effect of the jurisdictional
choice externality as more such movement takeplawreasing has the reverse

effects.

% We cannot consider higher valuepafince any significant increases would violate SRI and preclud
sorting of types in property tax equilibrium.
29



Increases ifig, the weight on the public good in the utility flion, increase
demand for the local public good and exacerbate#igtficiencies and welfare losses in
Tiebout property tax equilibrium. Increasifg the weight on housing in the utility
function, increases demand for housing. Propestydtes fall and households find it
more difficult to substitute away from housing. &Asonsequence, inefficiencies in
Tiebout property tax equilibrium are reduced.

While we do not always find losses from Tieboutisg under property taxation,
we find a loss in our preferred calibration andfimd it is fairly persistent over a variety
of parameter variations. Moreover, when gainseatisey are typically a small
percentage of potential gains from efficient s@jtimhese computational findings
provide motivation for further pursuit of the efBacy question. The next section
develops our main quantitative findings that aregoleon an estimated model.

5. Econometric M odel and Findings

a. The Econometric Model and Estimated ParamefEng framework used in the

econometric analysis is set forth in Epple and £1€99) and Calabrese, Epple, Romer,
and Sieg (2006}' We now summarize the econometric model and essnarhe
specification of the local public good is generdizelative to the above model by
inclusion of a jurisdictional peer effect to betliéthe data. Suppressing the
jurisdictional subscripts and letting q denotedhelity of the local public good, the
following indirect utility function is used:

- s
1-v

V(a.p;y,0) ={aq +[e™ € * [F; (37)
where

q=90"; (38)

34 See also Epple, Romer, and Sieg (2001).
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andy is the mean income in the jurisdiction. Peeraffenight operate through
educational spillovers in the classroom, througfeptl monitoring of teachers and
school administrators, or through other chanfielslote that the indirect utility function
in (37) is the standard one that allows housinguoption to vary with prices, as
specified in (10) above. This specification hasfthilowing useful propertie¥. It is
separable in public- and private-good componentsstantially simplifying estimation.
The implied elasticity of substitution between thelic good component and private
good component is constant and equal to 1)(1Jsing Roy’s identity, the implied
housing demand function 1, =Bp"y’. Thus housing demand has constant price and
income elasticities, as is common in empirical gsial The single-crossing conditions
for stratified community choice, i.eSRI and SR, are satisfied it < 0" This

condition is tested empirically, ands found to be negative and statistically very
significant (Epple and Sieg, 1999).

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

In o2 A0,
l-n L 5] (39)
Ina 4, ) (AO,0, O

a

The model then has ten parameters to be estimategy, B,@,l,,, 0., g Ojng »ANA

% Recent empirical analysis of peer effects in education include gl 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 Ri\2003), Hoxby and Weingarth (2205),
Sacerdote (2001), Vigor and Nechyba (2005), Zimmer and To8@9), and Zimmerman (2000).

% There is not a closed form for the associated (directiyufilnction. An appendix, available from the
authors, provides detail on this specification, including aestration that it satisfies all the standard
properties (e.g., quasi-concavity in prices) of an indirélityufunction.

" This condition also ensures that voting equilibriuristsxin the second stage. This is shown in the
appendix discussed in the previous footnote.

31



Estimation is based on data for the 92 municigith the Boston Metropolitan
Area. Data are used for 1980, which precedes #te shposition of property tax limits
(Proposition 2¥2 ). The Boston metropolitan argaaticularly well suited to estimation
of the model. In Massachusetts school districtsraanicipalities are coterminous.
Property taxes were the primary source of locatneres during this period, and
residential property tax revenue tracks well edoocal expenditure per student in the 92
municipalities with a correlation coefficient of/@. Per student educational expenditure
is then used for g in the estimation.

Estimation proceeds in two stages. Table 3 reploet®stimates. In stage one
Epple and Sieg, 1999), the mean and standard deviitin(y) are estimated first, using
the metropolitan income distribution. Three aduh&il parameters are estimated by
utilizing the stratification and boundary-indiffex@e conditions. The boundary-
indifference conditions and the indirect utilitynfztion imply the following expression

for the boundary loci between jurisdictions j and.j

1-v —_ . - .
in(@)+ =D o g 22— =K;; 40]
1-v 4~ G
where:
_TBp?*l—l
Q=e " . (41)

There are 91 such loci partitioning the metropalp@pulation into 92 municipalities. A
minimum-distance estimator is then used to matartdes of the 92 income
distributions implied by the model to quartilestioé 92 income distributions that are
estimated by the US Census. The additional paramietentified here are:

1/0,,v, andA In addition to the 92 income distributions, tlupplations of the 92
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municipalities are used in this stage. Thete solved out at each point in the parameter
search. Hence, housing values and public goodtigsahre not needed at this stage. The
asymptotics are with respect to the sample sizenthly the Census so the parameters are
estimated with a high degree of precision. Theyati o, is negative and statistically
significant, supporting the single-crossing assummst Note that this first-stage

estimator invokes only necessary conditions foiildggiium, so uniqueness of

equilibrium is not a concern.

Table 3: Parameter Estimates
(Standard errors are in parentheses)

Iny

p'lny Y A Tlolna v B () Ming Oina n

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

®Set at minimum in the prograntFixed since weakly identified.

In the second stage (Calabrese, et.al., 2006)ethaining parameters are
estimated using maximum likelihood. Parameterstiied in the first stage are fixed at
the values estimated in that stage. In the sestag#, at each step in the parameter
search, the theoretical model with household spiimd myopic voting over property tax
rates is solved for equilibrium values of propeey rates, expenditures on g, and
aggregate housing values in each of the 92 commasnithe observed values of these
variables in the 92 communities are then presumée tequal to the values implied by
the model plus measurement error. Since estimatitims stage involves matching
house values of the model to those in the dataprilbe elasticity of housing demand is
only tenuously identified® Hence, that parameter is fixednat -.3, and remaining

parameters are estimated. We vatyelow. Calabrese, et. al. (2006) also fixggd, at .1

3 Data on housing values is only available at the jurisdicti@val, which permits identification of key
parameters, but does not provide good data for estimagngrice elasticity.
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producing a good fit to the data. We have since confirmed that this closely
corresponds to the estimated value (equal to .0988)abrese, et. al. (2006) demonstrate
that, conditional on the first stage results, theildrium in the second stage is unique.
Thus, the estimation procedure is not vulnerableottcerns about multiple equilibria.

Figure 3 relates observed jurisdictional valuethtse predicted by the estimated
model. Jurisdictions are ordered by increasingiaredousehold income. Following
Poterba (1992), the observed property tax ratenserted from that on home value to
that on the implied net rental rate per unit of$ing to correspond to our model of
housing services and prices. Note that the de#lares for educational expenditure per
household and housing value are in 1980 dollaFsgare 3. The figure at once
illustrates the substantial Tiebout sorting andpteslictive power of the estimated
model.

b. Welfare Effects of Tiebout Sortingrhe econometric analysis summarized above does

not generate an estimate of the elasticity of husupply, which is needed to perform
our welfare computations. We assume constanti@tggdiousing supply and use the
same housing supply elasticity as in the baselmeputational model above (i.e., equal
to 3). The equilibrium with 92 communities is camgd as part of the estimation. To
calculate the counter-factual equilibrium with agde metropolitan government, land
area for housing must be obtained. Given the hgusiipply elasticity, using (36), the

implied land area used for housing in each muniitipean be calculated. These values

39 o,,, =-1 may give the impression that taste variation énthegligible, but that is incorrect because the

magnitude ofc,,, depends on choice of scaling. For examplg, can be rescaled by expressing the first
argument in the indirect utility function (50) re aq’ but instead agaq)*. The important point here is

that second-stage estimates preserve the decoiopasithe metropolitan distribution of income with
and across communities that is captured in thedtegye estimates. As reported in Epple and Sieég9(1
89% of the total variance in metropolitan incomeithin-community variance and 11% is across
communities.
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are aggregated to obtain land area for housing avtimgle metropolitan government.
This then permits calculation of the equilibriuntlwa single metropolitan government
and no sorting of households.

In the computed single jurisdictional equilibriume obtain g = $1100.42, t =
0.43, and p = 2.07. By way of comparison, the jetpan weighted means in the 92-

community equilibrium areg=$1127; t= 0.41; andp 2.3 We then compute

compensating variation for households and iniaad owners as above. The household
average compensating variation in going to the ifuiisdictional equilibrium is $478
and the per household CV for land owners equalé2$Hence, the Tiebout equilibrium
implies a welfare loss equal to $316 per househdlis equals 1.3% of 1980 per
household income or, if expressed using year 2@0@eg to be comparable to the
calibrated model in Section 3, the loss equals $711

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

model developed earlier in this paper in its indoof a peer effect. Also, the assumed
value of the price elasticity of housing demanyi¢ more inelastic than that implied by
our earlier calibration. Here we briefly examiresequences of better aligning the two
models.

The welfare calculation in the preceding sectissuanes that centralization
equalizes both expenditure per student and peditygaeross jurisdictions. Of course,
equalizing expenditure will not equalize peer dyakithout policy intervention that
directly addresses peer sorting. Hence, we perfdrmealternative calculation in which
expenditure per student is equalized while pedirgpis preserved. The household
average compensating variation from expenditurelkation is $403, and the per

household CV for land owners equals -$109. HetigeTiebout equilibrium implies a
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welfare loss equal to $294 per household or 1.2%980D per household income. Thus,
expenditure equalization achieves most of the piatenelfare gain from centralization.
This is of considerable practical importance, siexisting school finance equalizations
focus on expenditure equalization.

Turning to the price-elasticity of demand for hings we re-estimated the model
with n equal to -.5 while continuing to include the petfect. The welfare loss per
household from Tiebout sorting rises to $811. Wedfare loss continues to rise@ss
further reduced. However, the implied variatiorhofising prices across communities
becomes to extreme to be plausible as the housiog @lasticity declines -%. But the
price inelastic specification of housing deman€alabrese, et. al. (2006) model does
not underlie the welfare loss from Tiebout sortingfinel here.

We also calculate the welfare effects of Tiebautisg shutting down the peer
effect while retaining the remaining parameter eafti Withn = -.3, a slight average
welfare gain equal to $32 per household arises ff@hout sorting. Wit =-.5, a
slight average welfare loss arises equal to $3hpesehold.

The results from the estimated model indicateriefficiencies from Tiebout
sorting under property taxation offset the potdmans, consistent with the findings of
the calibrated model. Thus, findings from theraated model reinforce this paper’s key

finding.

d. Relationship to Prior WorlA very influential estimate of the welfare gafnem

decentralization is provided by Bradford and O§1€54). They, as we, focus on

“0With n = -.5, the predicted housing price rises by aofact 8.87 from the poorest to the richest
jurisdiction. Lettingn drop to -.9, the factor rises to 134. We belithat the model would need to
introduce preference heterogeneity in demand fasimg to accommodate more price elastic housing
demand while having realistic predictions.

*! The fit of the model is substantially reduced bytting down the peer effect. However, we inclutis t
additional calculation to illustrate the robustnebsur finding.

36



education as the key service provided by local govents, and they compare
decentralized to uniform provisioAssuming efficient decentralized provisitmey
estimated the welfare effect of centralization ggiata for 54 municipalities in New
Jersey. They find the welfare loss of centralizatm be 50% of population-weighted
sum of the absolute changes in expenditures thaldnarise from equalization of
expenditures. Using the population proportions exuknditures from the equilibrium
we obtain in column 2 of Table 2, we find that dqaion would result in a population-
weighted sum of absolute expenditure changes 6882 Applying their 50% estimate to
this result, we obtain an estimated welfare lossfcentralization of $1,290. The same
exercise using the populations and expenditures bor efficient allocation (column 5
of Table 2) yields a quite similar welfare lossmestte of $1,262. If instead of the
preceding approximations, we calculate the welfass of the efficient decentralized
equilibrium in our model to the efficient centrai equilibrium, we obtain $1,212. This
is remarkably close to the preceding approximatalte obtained by assuming that the
percentage welfare loss from the Bradford-Oatesutation would be realized in our
model. These results highlight that the differimgclusions that we obtain in this paper
are not due to differences with respect to therg@kegains from decentralization.
Rather, we find that the inefficiencies associatét the current institutional structure
dissipate those potential gains.
6. Concluding Remarks

Efforts to reduce inequalities in the local pubiiance of schooling have lead to
major changes in education policy in much of th8 13. Few economists would

challenge the notion that those inequalities, mgisiom Tiebout sorting, had lowered the

2 See, for example, Evans, Murray, and Schwab (1998)
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welfare of many, especially the poor. Howeveririthstional issues aside, we, and we
believe most other economists, had believed thiedlieprocess to be efficiency
enhancing. While the presence of inefficiencielaal property tax equilibria is
understood, we know of no research that quantifieset effects of such allocations
when explicit account is taken of the effects oitity.*® In pursuing such an analysis
here, we have found that these inefficiencies abstantial and overturn potential
average welfare gains in both a standard calibnaiede! and an estimated model. Itis
surprising to find that the welfare effects run ot@s to basic intuition concerning the
Tiebout process. From a policy perspective, howete findings are encouraging in
suggesting that equity-motivated efforts to redudiéf@érences in educational
expenditures per student may come at little if eost in allocative efficiency.

The finding that decentralization as manifestriactice results in average welfare
losses has led us to investigate the main sourtteeahefficiency. We find that the
externality in choice of residence is the primavyrse of loss. Thus, ironically, the
mobility that Tiebout emphasized as essential éaréalization of potential efficiency
gains of decentralization is also the culprit isy@nting those gains from being realized.

In a very influential paper, Hamilton (1975) argukdt zoning can overcome the
inefficiencies associated with property taxation.Calabrese, Epple, and Romano
(2007), we pursue a theoretical and quantitatiayars of residential zoning that

supports Hamilton’s (1975) argument that zoning @ave as a substitute for head

“3 Brueckner (2004) compares a Tiebout equilibriunhvaixation of mobile capital to the centralized
alternative and shows by simulation that welfanme lza higher or lower in the Tiebout equilibrium.
Brueckner’s focus is on the trade off from ineffict tax competition for mobile capital, the foctighe tax
competition literature, and the gains from matcHegls of public goods to diverse preferencesr Ou
research differs in several important ways. Theata investigate is on (immobile) housing, so the
fundamental inefficiency is Brueckner’s analysisndg present here. Brueckner’s Tiebout sorting is
efficient in that a community forms for every pnefiace type, while we treat community boundaries as
given with an infinite number of different typesdaimouseholds then select their preferred communife.
offer a quantitative assessment of the likely miagia of welfare effects.
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taxation. We show that local public choice of aing restriction on housing quality
combined with a property tax closely mimics heactmn, and almost all potential
Tiebout welfare gains are realized. That analysia the context of a model in which
households differ only with respect to income. Wieetsuch results carry over to an
environment with preference heterogeneity is aroirtgmt open question, as is the
guestion of whether such a model with zoning carebenciled with the extent of intra-
community household heterogeneity (Epple and Si8§9; Hardman and loannides,
2004; Pack and Pack (1977)) and lot size heteraye(igople, 2006) observed in
practice®

This paper does not, of course, refute Tieboutgsiment. Rather, it tells a
cautionary tale about applying first-best argumémts second-best environment.
Moreover, our model is comparatively Spartan. tek that it is of much interest to

explore further the quantification of the welfaféeets of local public goods equilibria.

“*The modeling challenge for such a generalizatighegdifficulty in characterizing voting equilibriu
when there are multiple sources of voter heteraggeaad multiple policy instruments.
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Table2'

Property
Property Property Tax / Fixed Efficient
Baseline Model Tax Tax Head Tax Boundaries Allocation
One Multiple Multiple Multiple Multiple
Positive Properties Jurisdiction Jurisdictions  Jurisdictions  Jurisdictions Jurisdictions
P1 = $17.13 $12.69 $12.93 $16.62 $13.02
P2 = $15.21 $13.76 $17.53 $13.75
P3 = $16.62 $13.77 $17.53 $13.74
P4 = $18.43 $13.78 $17.50 $13.72
P5 = $22.61 $13.78 $17.34 $13.61
Y1l = $28,589 $56,409 $57,950 $57,950
Y2 = $39,990 $82,073 $84,067 $84,067
Y3 = $56,931 $119,902 $122,768 $122,768
Y4 = $89,598 $192,823 $197,811 $197,811
Median Income J1 = $36,942 $17,140 $25,741 $26,076
Median Income J2 = $33,866 $67,131 $68,840
Median Income J3 = $47,475 $97,029 $99,320
Median Income J4 = $69,929 $144,849 $148,279
Median Income J5 = $128,816 $249,542 $255,332
N1 = 39% 68% 69% 69%
N2 = 15% 13% 13% 13%
N3 = 15% 9% 9% 9%
N4 = 15% 6% 6% 6%
N5 = 16% 3% 3% 3%
t1 = 35% 35.33% 35.17%
t2 = 35.24% 35.17%
t3 = 35.20% 35.17%
t4 = 35.14% 35.16%
t5 = 34.96% 35.11%
gl = $3,830 $1,195 $1,691 $1,952 $1,829
g2 = $2,390 $4,410 $4,887 $4,569
g3 = $3,359 $6,374 $7,071 $6,612
g4 = $4,988 $9,516 $10,679 $9,987
g5 = $10,987 $16,393 $20,665 $17,922
Distributional and
Welfare Results
Interval of income made
worse off
Low bound $8,500 $0 $0 $0
High bound $349,500 $66,500 $57,500 $65,500
% of pop. made worse
off 95% 75% 69% 74%
(-) Per Capita CV -41 714 1158 726
(-) A Housing Rents -0.22 721 -3.17 711
-41.68 1434.82 1154.37 1437.13

(-) [CV + A House Rents]

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; tae g's are public good expenditures.
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Actual and Predicted Values for Tax Rates, Government Spending,
and House Values in Boston Metropolitan Area
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Appendix. Proof of Proposition 1: We suppress the commuritdicator in the proof.
a. Substituting (1) into (2), a voter’s preferreubice of t corresponds to the choice of

(p,9) that solves:

MaxV(p,g;ye) (A1)

st.gN=(p-Rp)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, votegfprences are single peaked. Thus
majority voting equilibrium exists and is the prefece of a median-preference voter.
Strict quasi-concavity of V and linearity of thenstraint (along with Inada condition)
imply every voter’s preferred choice is unique awtdrior; thus equilibrium is unique.
b. and c. The first-order conditions for a votepi®ferred choice are:

Yy
VP

N
. (A3)

and (A2). Let dy,«) denote the preferred choice of g by votes)y Differentiating (A2)

and (A3) one obtains:

o _ 3(-V, 1V,) /0a o ”
da _[a(-vg IV, )[_vg}ra(—vg IV, )]
ap v, d9g
and
g o(-v, /1v,) 19y - 25)

op Vv dg

oy _[a(—vg IV, )[_vg}ra(—vg IV, )}
p

The denominators in (A4) and (A5) are (with sigogipve by strict quasi-concavity of V.

The numerators are positive by 8&nd SRI (see (5)), implying the inequalities. d°et
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denote equilibrium g, which satisfie$gg (y,«) for median preference voters. L&(4)
satisfy the latter equation, which is continuous amique by (A4) and (A5).

Differentiating § = g (y,«) one obtains:

dy"_ 09 /9a _ (A6)
da og /oy

the inequality by (A4) and (A5). Thus the locumetlian-preference voters is downward
sloping as illustrated in Figure 1R,

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 votethay
single-crossing conditions. (Any median prefererater has indifference curve with the
same slope through $@%.) Such voters: (i) prefer lower g and p thafi§9); and (ii)
would vote against any tax leading to higher g andrhe reverse is true for any voters
with (yg) to the northeast of the'fu) locus. Voting equilibrium then requires (6), whni
completes the proof of Part b. By (1) and (2) f@rence for higher (lower) g and p
corresponds to preference for higher (lower) t, iyimgy Part c. -

Proof of Proposition 3:(a) First we show that, =n, =0. From (20) and that the
allocation is differentiated:

@l +n,(0N, /dy)=w, for all households (¥) assigned to community i. (A7)

Multiply through (A7) byf and integrate to obtain:
| h,
[ Ui, fdyd +n, jsa—yd a fdydr = N, (A8)

Then (A8) and (25) imply:

)\i =0). (Ag)

> The proof does not require thdl(y) is everywhere interior to the set of residentiake example in
Figure 1A.
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Also (A9) and (24) imply:

teg, = % (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:

N — i ohy
J.S(‘Oulhdai fdycr = wg H,—n ‘J.sa_yd hy g fdyd (Al11)

where we have substituted the housing market alearaondition ((16)). Now substitute

from (A9), (A10), and (All) into (27) to get:

1+t (¢ oh, on, 1+ 1; 1+t 1+ ; _
ni{HL[ apafdyomj H a fdya: - l—;] (e, y—Té .+ .tP} C

This simplifies to:

:—{ js(gg aa:"; h jaﬁdyobt} =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 nalegrm is negative, implying = 0.
This contradicts (A10), so it must be that #; = 0
Sincet= 0, T; = g; by local budget balance (i.e., (17)).
(b) Usingyi = 0, substitute from (25) into (26). Then uset )} equals a constant

from (A7) to obtain the Samuelsonian conditionda@ongested public good:
[ U—i.3a1.fdycb( = N. (A13)
sU!

(c) Using the results in part (a), (21) and (22)pimthat a household is optimally
assigned to the community wher&i¥ maximized. [
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Appendix on Robustness of Computational Findings
“Inefficiencies from Metropolitan Political and €&l Decentralization:
Failures of Tiebout Competition”

In this appendix, we examine robustness of the coatipnal findings. We
examine robustness with respect to the specificatfahe voting stage in the model and
to the parameters of the model. We focus on thedofirst. One alternative in the
literature to “myopic voting” assumes that, givengdictional populations, households
anticipate effects in the housing market when \gptaer the property tax rate. This
specification is consistent with the following timgi of choices. First, households commit
to a jurisdiction, but do not yet purchase a housecond, they vote in their jurisdiction
over a property tax. Last, given the tax rate janddictional population, the housing
market clears and the local public good level taldshed with local government budget
balance (and numeraire consumption results). Hguysiices are established in the last
stage as well. Of course, households anticiphteghbles determined in later stad@s.
We refer to this as the “moderate myopia” case.

A third case in the literature is referred to aslity taking,” which has
households anticipate migration between jurisdndiovhen voting. First, households
choose an initial jurisdiction where they will vot&hey then vote over the local property
tax taking as given thequilibriumutility levels obtainable in all jurisdictior@her than
their own anticipating in- and out-migration to and froneithown jurisdiction whenever
such would provide higher utility. Housing markétarance and local government
budget balance are satisfied given the propertyaad jurisdictional choices are utility
maximizing given all equilibrium values. In theliy-taking equilibrium studied, the

initial residence choices correspond to the fiealdence choices, consistent with

“8 The specification suffers from the criticism tiia initial commitment to a jurisdiction is simply
assumed.
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equilibrium since households anticipate equilibrivatues. While no one actually
migrates in equilibrium, the possibility of movibgtween jurisdictions has substantial
effects on equilibriunf’

Stratified multi-jurisdictional equilibriexist in the model in both of these
alternative specifications as well. Table 1A sumpgs the positive and normative
properties of these equilibria for the baselineapaaters as in Tables 1 and 2 of the text.
The first column of Table 1A shows values for thgke-jurisdictional equilibrium,
which is the same under moderate myopia and utdikyng since the possibility of
migration disappears with one jurisdiction. WHileuseholds now anticipate absorption
of property taxes by land owners when voting simoesing markets clear later, the
results are virtually identical to those in coluthof Table 2 where voting takes place
after houses are purchased. Likewise, the muligglictional property-tax equilibrium
with moderate myopia is virtually identical to thatthe baseline case with multiple
jurisdictions; compare the second columns in TaBlaad 1A. Again, then, a per capita
welfare loss arises in going to the Tiebout sorgqgilibrium, differing by less than one
dollar between the baseline and moderate myopiagspecifications. Table 1A also
shows the efficient allocation. This allocatiorprecisely as in Table 2 since the
parameters are the same, while the potential veefams relative to the single-
jurisdictional counterpart vary slightly because single-jurisdiction counterparts vary

slightly.

*" The utility-taking equilibrium does not correspandhe more appealing subgame-perfect Nash
equilibrium where initial jurisdictions are chosifiowed by simultaneous voting in jurisdictionsepv
property-tax rates with then migration. In thdiytitaking equilibrium, voters anticipate all tledfects of
migration on their own jurisdiction, but hold coast utilities, not just property taxes, in otheigdictions.
In the related Nash equilibrium, voters would neednticipate the effects of moving across jurisdits
on all equilibrium values in all jurisdictions (litbhg constant property tax rates). Computing thshN
equilibrium would beverydifficult in a five jurisdiction model. Hopefullythe simpler utility-taking
alternative is not a bad approximation.
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Multi-jurisdictional property-tax equilibrium undetility-taking, summarized in
the column 3 of Table 1A, differs more substangiiibm the baseline Tiebout
equilibrium. The property-tax rate ascends steapljurisdictions get wealthier in the
utility-taking case, while virtually constant inegmoderate myopia and baseline cases.
In the utility-taking case, the pivotal voter ingver jurisdictions lowers the tax rate in an
effort to keep in richer households. In richeigdictions, the pivotal voter increases the
tax rate to drive out poorer households knowing ticher households are reluctant to
leave. In the richest jurisdiction, the richegidg have no viable alternatives! The public
good levels rise very steeply in this case. Reatayk virtually everyone is worse off in
the Tiebout equilibriunt® and the per capita welfare loss is substantiagizdr than in
the other cases. We can conclude that it is ovditer myopia specification that
underlies the welfare loss we find.

Now consider robustness with respect to parametar$ables 4A through 11A,
we present findings just varying one parametertaha from the baseline values, also
assuming again “myopic voting” as in the baseliregal. We have examined variation
in parameters with the other voting specificatiomsh similar relative effects to those
under myopic voting. We consider variation in thenber of communities, and the
values ofp, vy, Bn, andp.

Tables 2A and 3A present the effects of varyirggribmber of jurisdictions. We
examine the case with one more and one less jatigdirespectively, in each case
maintaining the largest (poor) jurisdiction witead area of .4 and with equal land areas
in the remaining jurisdictions. Comparing Tablésghd 3A to Table 2, one can see that

the welfare effects are virtually unchanged.

“8 Those with income very near zero are actuallyebetf, but the poorest 1% of the population are on
average worse off.
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Tables 4A and 5A report the effects of varyingKeeping in mind thgt < 0 is
necessary for SRI and a Tiebout sorting equilibrimith CES utility function, we
examinep = -.05 anc = -.1. In these cases there are average gaimsTrebout sorting
with property taxes. Ag declines, the elasticity of substitution (equaltlp))
declines, implying more potential for gain from Bat sorting. Observe that the gain in
going from the centralized equilibrium to the effict allocation increases. More
importantly for understanding the gains from Tiefsarting in property tax equilibrium,
note that the property tax rates fall substantiaiicompared to the baseline case, while
the levels of public good consumption do not falf(, compare these levels in the
centralized equilibrium). Because households ifimdore difficult to vary their housing
consumption and thus reduce housing consumptioe slowly as tax rates increase, tax
rates are smaller and less distortiign these examples, while there are gains from
Tiebout sorting with property taxes, they remaibhstantially below the potential gain,
less than 17% of it. If we I@tcontinue to decline, most of the potential ganasf
sorting are realized in property tax equilibriuBut the implied equilibrium property tax
rates are unrealistically small.

Tables 6A and 7A report the effects of varyingTable 6A examines a lower
than in the baseline case. The welfare loss fraghdut property tax equilibrium rises
substantially, while the potential gain rises dligh A lowery implies higher housing
supply elasticity so that housing prices increaseenslowly as relatively poorer
households move into richer jurisdictions. Notd able 6A that 23% of the population
occupy the richest jurisdiction in the Tiebout pedy tax equilibrium, while only 3% of

the population lives there in the efficient allaoat Hence, the fiscal externality in

9 The price elasticity of housing demand declines dsclines.
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residential choice is intensified with increasedfare loss. As Table 7A illustrates, the
opposite occurs with highgrand thus lower housing supply elasticity. Whilere is a
welfare gain from Tiebout sorting with property é@xn this case, only about 13% of the
potential gain is realized.

Tables 8A and 9A report the effects of varyfiagthe weight on the public good
in the utility function. Table 8A reports the réisfor a highe34 than in the baseline
model. With a higher weight on the public goodha utility function, the potential gain
from Tiebout sorting rises, while the loss fromtsay in property tax equilibrium rises.
The distortions are exacerbated as manifest inehigloperty tax rates. With lowg,
the opposite prevails, and we find a slight weligae fory = .09 as shown in Table 9A.

Finally, Tables 10A and 11A show the effects afyuag pn, the weight on
housing in the utility function. With a lower v&wf By, less consumption of housing
induces a higher tax rate in property tax equilibriand the jurisdictional choice
externality worsens since poorer households fiesg painful to consume less housing
in richer jurisdictions. As seen in Table 10A, thelfare loss from Tiebout sorting in
property tax equilibrium then increases, while plogential gains rise (the latter because
the relative weight in utility on the public gooddiincreased). Table 11A illustrates the
reverse, but, again, with fairly small welfare gain property tax equilibrium.

In the preceding, we have varied each parametarrbiatively small amount,
while keeping the remaining parameters at theicharark values. As a final robustness
check, we consider a large change in a key paranpet&or this exercise, to preserve
realism, we recalibrate all remaining parametensguthe criteria in Section 4a of the
text. The result appears in Table 12A. The potéaffeciency gains in this case are much

larger than in our benchmark calibration. As in pineceding exercises, however, we find
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that a large proportion of the potential gains @éehtralization are dissipated through the

inefficiencies identified in this paper.
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Table 1A:

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 Housing Rents]

Alter native Voting Specifications

Moderate
Myopia/

Utility Moderate Utility
Taking Myopia Taking
Property Property Property

Tax Tax Tax

One Multiple Multiple
Jurisdiction  Jurisdictions  Jurisdictions
= $17.092 $12.66 $10.23
= $15.17 $14.05
= $16.58 $17.01
= $18.38 $20.38
= $22.56 $26.22
= $28,587 $24,496
= $39,987 $35,891
= $56,927 $54,136
= $89,593 $89,158
$36,942 $17,139 $15,344
$33,863 $29,801
$47,472 $43,873
$69,925 $67,801
$128,810 $128,297
= 39% 32%
= 15% 17%
= 15% 18%
= 15% 17%
= 16% 16%
34.57% 34.82% 12.41%
= 34.75% 22.70%
= 34.72% 35.07%
= 34.68% 50.07%
= 34.55% 64.09%
= $3,795 $1,182 $447
= $2,366 $1,493
= $3,325 $3,102
= $4,939 $6,228
= $10,889 $16,524
Low bound $8,500 $0
High bound $349,500 infinity
95% 100%
-41 -677
0.31 -215
-41.12 -892

Parameters are as in Tables 1 and 2 of the text.

Table 2A: Four Jurisdictions

Efficient
Allocation

$13.02
$13.75
$13.74
$13.72
$13.61
$57,950
$84,067
$122,768
$197,811

69%
13%
9%
6%
3%

$1,829
$4,569
$6,612
$9,987
$17,922

$0
$65,500
74%
726

703
1428.57
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P1 =
P2 =
P3 =
P4 =
Y1l =
Y2 =
Y3 =
Median Income J1 =
Median Income J2 =
Median Income J3 =
Median Income J4
N1 =
N2 =
N3 =
N4 =
t1 =
t2 =
t3 =
t4 =
gl =
g2 =
g3 =
g4 =

Distributional and Welfare
Results
Interval of income made worse off

% of pop. made worse off
(-) Per Capita CV
(-) A Housing Rents

*(—) [CV + A Housing Rents]

FOUR JURISDICTIONS

Property Property Efficient
Tax Tax Allocation
One Multiple

Jurisdiction  Jurisdictions
$17.13 $12.69 $13.06
$15.45 $13.74
$17.48 $13.72
$21.89 $13.58
$28,585 $58,545
$44,769 $95,887
$75,373 $166,886
$36,942 $17,138
$35,809
$56,992
$112,062
39% 70%
20% 16%
20% 10%
21% 4%
35% 35.33%
35.23%
35.17%
34.97%
$3,830 $1,195 $1,840
$2,537 $4,883
$4,074 $8,092
$9,699 $15,850
Low bound $8,500 $0
High bound $373,500 $66,500
95% 75%
-40.43 704
-0.13 711.45332
-40.56 1415.29

Everything is as in the baseline model exceptttieaie are four jurisdictions with respective laneas of

L1=.4and|;_z:|_3=|_4:.2
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Table 3A: Six Jurisdictions’

SIX JURISDICTIONS

Property Property Efficient
Tax Tax Allocation
One Multiple
Jurisdiction  Jurisdictions
P1 = $17.13 $12.69 $13.00
P2 = $15.08 $13.74
P3 = $16.17 $13.75
P4 = $17.43 $13.74
P5 = $19.11 $13.71
P6 = $23.16 $13.64
Y1l = $28,592 $57,646
Y2 = $37,407 $77,772
Y3 = $49,155 $104,431
Y4 = $66,897 $144,710
Y5 = $101,322 $223,191
Median Income J1 = $36,942 $17,141
Median Income J2 = $32,749
Median Income J3 = $42,805
Median Income J4 = $56,967
Median Income J5 = $80,576
Median Income J6 = $142,613
N1 = 39% 69%
N2 = 12% 11%
N3 = 12% 8%
N4 = 12% 6%
N5 = 12% 4%
N6 = 13% 2%
t1 = 35% 35.33%
t2 = 35.24%
t3 = 35.21%
t4 = 35.17%
t5 = 35.13%
t6 = 34.96%
gl = $3,830 $1,195 $1,823
g2 = $2,308 $4,390
g3 = $3,019 $5,894
g4 = $4,027 $8,003
g5 = $5,740 $11,535
g6 = $12,046 $19,478
Distributional and Welfare Results
Interval of income made worse off Low bound $8,500 $0
High bound $337,500 $65,500
% of pop. made worse off 95% 74%
(-) Per Capita CV -42 737
() A Housing Rents -0.28 711
-42.29 1448

*(—) [CV + A Housing Rents]

Everything is as in the baseline model excepttthere are four jurisdictions with respective lamdas of
L,=.4 and bh=1L3=Ls=Ls= Le=.12.
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P1 =
P2 =
P3 =
P4 =
P5 =
Y1l =
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 Housing Rents]

Table4A: p=-.05

Property Property Efficient
Tax Tax Allocation
One Multiple

Jurisdiction  Jurisdictions
$17.27 $13.09 $13.34
$15.60 $14.08
$16.97 $14.07
$18.71 $14.05
$22.54 $13.94
$29,732 $58,083
$41,715 $84,206
$59,563 $122,925
$94,143 $198,029
$36,942 $17,612
$35,248
$49,549
$73,179
$134,166
40% 70%
15% 13%
15% 9%
15% 6%
15% 3%
31.79% 33.18%
32.79%
32.61%
32.39%
31.66%
$3,957 $1,295 $1,931
$2,612 $4,797
$3,677 $6,939
$5,469 $10,479
$11,829 $18,841
Low bound $39,500 $0
High bound $68,500 $66,500
23% 75%
89 813
-1.87 681
86.79 1493.50

All other parameters are as in the baseline model.



P1
P2
P3
P4
P5
Y1l
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 Housing Rents]

Table5A: p=-.1"

Property Property Efficient
Tax Tax Allocation
One Multiple

Jurisdiction  Jurisdictions
$17.44 $13.54 $13.71
$16.03 $14.45
$17.35 $14.45
$19.01 $14.42
$22.48 $14.31
$31,074 $58,240
$43,732 $84,369
$62,627 $123,110
$99,385 $198,284
$36,942 $18,150
$36,865
$51,965
$76,936
$140,334
42% 70%
15% 13%
15% 9%
14% 6%
13% 3%
28.51% 30.78%
30.14%
29.85%
29.50%
28.35%
$4,084 $1,411 $2,045
$2,872 $5,045
$4,049 $7,293
$6,028 $11,013
$12,781 $19,851
Low bound $0 $0
High bound $0 $66,500
0% 75%
265 934
-5.56 637
259.31 1570.67

All other parameters are as in the baseline model.



Table6A: y=.2"

Property Property Efficient
Tax Tax Allocation
One Multiple
Jurisdiction  Jurisdictions
P1 = $10.37 $7.55 $7.79
P2 = $8.95 $8.21
P3 = $9.77 $8.21
P4 = $10.82 $8.19
P5 = $13.47 $8.13
Y1l = $23,451 $56,558
Y2 = $32,596 $82,750
Y3 = $46,126 $121,537
Y4 = $71,903 $196,812
Median Income J1 = $36,942 $14,858
Median Income J2 = $27,786
Median Income J3 = $38,740
Median Income J4 = $56,808
Median Income J5 = $107,975
N1 = 30% 68%
N2 = 14% 13%
N3 = 16% 9%
N4 = 17% 6%
N5 = 23% 3%
t1 = 35.24% 35.58%
t2 = 35.49%
t3 = 35.45%
t4 = 35.40%
t5 = 35.20%
gl = $3,835 $1,025 $1,803
g2 = $1,961 $4,485
g3 = $2,741 $6,535
g4 = $4,047 $9,922
gb = $9,396 $17,880
Distributional and Welfare
Results
Interval of income made worse off
Low bound $0 $0
High bound infinity $62,500
% of pop. made worse off 100% 72%
(-) Per Capita CV -390 888
(-) A Housing Rents 0.49 570
(-) [CV + A Housing Rents] -389.39 1458.66

All other parameters are as in the baseline model.
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Table7A:y=.3

Property Property Efficient
Tax Tax Allocation
One Multiple
Jurisdiction  Jurisdictions
P1 = $28.21 $21.15 $21.72
P2 = $25.55 $22.94
P3 = $27.92 $22.93
P4 = $30.95 $22.89
P5 = $37.65 $22.72
Y1 = $32,661 $58,946
Y2 = $45,825 $85,016
Y3 = $65,411 $123,664
Y4 = $103,342 $198,563
Median Income J1 = $36,942 $18,766
Median Income J2 = $38,655
Median Income J3 = $54,321
Median Income J4 = $80,110
Median Income J5 = $144,989
N1 = 44% 70%
N2 = 15% 13%
N3 = 14% 9%
N4 = 14% 6%
N5 = 12% 3%
t1 = 34.77% 35.08%
t2 = 34.99%
t3 = 34.95%
t4 = 34.90%
t5 = 34.73%
gl = $3,825 $1,319 $1,846
g2 = $2,727 $4,628
g3 = $3,842 $6,666
g4 = $5,716 $10,032
g5 = $12,212 $17,947
Distributional and Welfare
Results
Interval of income made worse off
Low bound $0 $0
High bound $0 $69,500
% of pop. made worse off 0% 76%
(-) Per Capita CV 187 564
() A Housing Rents -0.91 852
(-) [CV + A Housing Rents] 186.46 1416.36

"All other parameters are as in the baseline model.
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P1
P2
P3
P4
P5
Y1
Y2
Y3
Y4

Median Income J1 =
Median Income J2 =
Median Income J3 =
Median Income J4 =
Median Income J5

Distributional and Welfare
Results

Interval of income made worse off

% of pop. made worse off
(-) Per Capita CV

(-) A Housing Rents

(-) [CV + A Housing Rents]

N1
N2
N3
N4
N5
t1
t2
t3
t4
t5

gl =

g2
g3
g4
g5

Table8A: py=.10

Property Property Efficient
Tax Tax Allocation
One Multiple

Jurisdiction  Jurisdictions
$17.42 $12.61 $12.99
$15.24 $13.75
$16.74 $13.75
$18.67 $13.72
$23.29 $13.61
$27,233 $57,590
$38,043 $83,731
$54,093 $122,462
$84,973 $197,594
$36,942 $16,564
$32,266
$45,182
$66,501
$123,369
37% 69%
15% 13%
15% 9%
16% 6%
17% 3%
38% 38.40%
38.30%
38.25%
38.18%
37.97%
$4,070 $1,223 $1,928
$2,420 $4,812
$3,396 $6,976
$5,038 $10,551
$11,231 $18,956
Low bound $1,500 $0
High bound infinity $65,500
100% 74%
-116 789
-99.99 757
-215.81 1546.28

" All other parameters are as in the baseline model.
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P1
P2
P3
P4
P5
Y1l
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 Housing Rents]

Table9A: y=.9

Property Property Efficient
Tax Tax Allocation
One Multiple

Jurisdiction  Jurisdictions
$16.94 $12.75 $13.05
$15.19 $13.74
$16.54 $13.74
$18.25 $13.72
$0.10 $13.62
$29,547 $58,197
$41,365 $84,299
$58,932 $122,979
$92,852 $197,964
$36,942 $17,537
$34,995
$49,092
$72,340
$132,647
40% 70%
15% 13%
15% 9%
15% 6%
15% 3%
33% 33.32%
33.24%
33.20%
33.16%
33.00%
$3,667 $1,173 $1,760
$2,366 $4,403
$3,327 $6,363
$4,943 $9,602
$10,803 $17,216
Low bound $38,500 $0
High bound $74,500 $66,500
27% 75%
15 684
-0.35 681
14.80 1364.84

" All other parameters are as in the baseline model.
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Table10A: pn=.3

Efficient
Property Tax Property Tax Allocation
Multiple
One Jurisdiction Jurisdictions
P1 = $17.45 $12.06 $12.54
P2 = $14.80 $13.35
P3 = $16.42 $13.35
P4 = $18.53 $13.32
P5 = $23.88 $13.20
Y1l = $24,783 $56,930
Y2 = $34,517 $83,105
Y3 = $48,942 $121,875
Y4 = $76,542 $197,107
Median Income J1 = $36,942 $15,475
Median Income J2 = $29,366
Median Income J3 = $41,017
Median Income J4 = $60,248
Median Income J5 = $113,438
N1 = 33% 69%
N2 = 14% 13%
N3 = 16% 9%
N4 = 17% 6%
N5 = 21% 3%
t1 = 44.31% 44.80%
t2 = 44.66%
t3 = 44.59%
t4 = 44.51%
t5 = 44.22%
gl = $3,998 $1,117 $1,882
g2 = $2,162 $4,688
g3 = $3,026 $6,818
g4 = $4,478 $10,337
g5 = $10,234 $18,609
Distributional and Welfare
Results
Interval of income made worse off
Low bound $0 $0
High bound infinity $64,500
% of pop. made worse off 100% 74%
(-) Per Capita CV -305 821
(-) A Housing Rents 0.53 773
(-) [CV + A Housing Rents] -304.77 1593.97

" All other parameters are as in the baseline model.
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P1
P2
P3
P4
P5
Y1l
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 Housing Rents]

Table11A: pn= .4

Property Property Efficient
Tax Tax Allocation
One Multiple

Jurisdiction  Jurisdictions
$17.01 $13.10 $13.35
$15.47 $14.01
$16.74 $14.01
$18.36 $13.99
$21.93 $13.89
$31,122 $58,583
$43,622 $84,667
$62,212 $123,328
$98,168 $198,263
$36,942 $18,170
$36,848
$51,740
$76,279
$138,903
42%
15% 70%
15% 13%
14% 9%
14% 6%
30.04% 30.29%
30.22%
30.19%
30.15%
30.02%
$3,707 $1,233 $1,786
$2,519 $4,472
$3,546 $6,452
$5,273 $9,723
$11,386 $17,411
Low bound $0 $0
High bound $0 $66,500
0% 75%
102 676
-0.62 668
101.42 1344.16

" All other parameters are as in the baseline model.
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P1
P2
P3
P4
P5
Y1l
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 Housing Rents]

Table12A: p=-5

Property Property Efficient
Tax Tax Allocation
One Multiple

Jurisdiction  Jurisdictions
$17.13 $12.29 $12.50
$15.35 $13.66
$17.07 $13.65
$19.22 $13.60
$23.34 $13.47
$23,826 $54,758
$34,144 $81,017
$49,845 $119,816
$81,120 $194,800
$36,942 $15,033
$28,673
$41,152
$62,327
$118,831
31% 67%
15% 14%
17% 10%
18% 6%
19% 3%
35% 50.27%
44.42%
42.09%
39.58%
33.11%
$3,830 $1,224 $2,185
$2,325 $5,034
$3,311 $7,400
$4,991 $11,319
$10,568 $20,025
Low bound $22,500 $0
High bound $91,500 $63,500
56% 73%
738 1985
48.77 459
786.55 2443.56

" All other parameters recalibrated using the calibrestrategy employed for the baseline calibration
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