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This paper develops a test for Pareto-efficiency in the local public sector using the analytical
result that aggregate property value is maximized at the public output level which satisfies the
Samuelson condition for efficiency. By using cross-section data, it is possible to deduce whether
a representative community provides its public goods in a property-value-maximizing (and hence
efficient) fashion. The empirical results show no systematic tendency to either under- or over-
provide public goods in a sample of Massachusetts communities.

1. Introduction

Although allocative efficiency in the public sector has been a central
theoretical concern in public finance ever since the pioneering study of
Samuelson (1954), the positive question of whether real-world public outputs
are in fact efficient has received much less attention. In a rare attempt to
address this issue, Barlow (1970) invoked an ingenious argument based on
the median voter model to conclude that expenditure on education in his
sample was above the efficient level. The present paper offers an entirely
different efficiency test. The present test is based on the theoretical result that
aggregate property value in a community which levies a property tax is an
inverted U-shaped function of its public good output, with the maximum
occurring at the output level which satisfies the Samuelson condition for
Pareto-efficiency {see Brueckner (1979, 1980)]. Using this result, it follows
that if a community’s aggregate property value is insensitive to a marginal
change in its public good output, then the good is provided at a Pareto-
efficient level. A cross-section regression relating aggregate property values to
public expenditures and other variables for a sample of Massachusetts
communities forms the basis for the efficiency test. Properly interpreted, the
regression results show the response of aggregate property value in a
representative community to a change in its public good output, allowing an
appraisal of efficiency.!

'While the present paper is concerned with the efficiency of real-world public outputs, the
principle of property value maximization can also be used to generate a decision rule for local
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Most previous empirical work on property values and public goods
extends the seminal study of Oates (1969), who showed that median property
valuc is positively influenced by a community’s level of public spending.
Oates and many of his followers viewed this empirical finding as an
affirmation of the Tiebout hypothesis (1956), which states that consumers
migrate in response to fiscal differentials and that such migration tends to
generate homogenous communities, guaranteeing Pareto-efficient provision of
local public goods. A proper interpretation of the Oates finding, however,
relates only to the first of these claims: empirical results which show by the
presence of a capitalization effect that consumers value public goods establish
that the preconditions for ‘voting with one’s feet’ exist but do not prove that
the migration process will lead to an efficient Tiebout equilibrium.? This
narrow view of the Oates finding, which is consistent with recent theoretical
attacks on Tiebout [see, for example, Stiglitz (1977)], underlies the recent
empirical study of Brueckner (1979). Recognizing the possibility of public
sector inefficiency due to failure of the Tiebout mechanism, Brueckner
showed using the principles described above that a properly specified Oates-
style regression can indicate whether public outputs are Pareto-efficient in
communities whose populations are heterogenous due to incomplete
adjustment toward a Tiebout equilibrium. By showing that a property value
regression contains a hidden verdict on the efficiency of public outputs in a
non-Tiebout world, the Brueckner paper essentially stood the Oates tradition
on its head. Unfortunately, since the paper’s efficiency argument relied on the
relationship between aggregate property value and public spending, while the
regression used the median value dependent variable to stress the link with
Oates, precise interpretation of the empirical results required a forbiddingly
complex argument. By using the ideal dependent variable (aggregate property
value) as well as an optimal data set, the present paper eliminates all the
difficulties inherent in the previous study. The simplicity and generality of the
property value approach to evaluating public sector efficiency emerges in a
clear fashion.

In the next section of the paper a theoretical model of property value
determination under property taxation similar to that of Brueckner (1979) is
developed and the relationship between property values and public outputs is
derived. Subsequent sections of the paper describe the estimation problem
and present the empirical results and final conclusions.

governments. Brueckner (1980) showed that when each local government chooses its public
output to maximize aggregate property value, the resulting community system equilibrium has
desirable efficiency properties. For a related treatment, see Sonstelie and Portney (1978).

2A more natural test for the operation of the Tiebout mechanism would examine the degree of
homogeneity of local jurisdictions. For recent papers pursuing this approach, see Eberts and
Gronberg (1981) and Pack and Pack (1978).
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2. Analysis

The first assumption underlying the analysis is that consumers have
identical tastes. While this requirement is somewhat unrealistic, no empirical
study of the relation between property values and public spending can
proceed without it. Utility is assumed to depend on the consumption of four
commodities: housing services (g), two public goods (z, and z,), and a
numeraire composite commodity (x). It is assumed that the common utility
function u(z,, z,, g, x) is strictly quasi-concave. Two public goods are included
in the model for realism; in the empirical work, the public goods are
education and a composite of municipal services such as fire and police
protection.

A further strong assumption is that utility is uniform across the system of
communities under consideration for the members of each income group.
Letting u# denote the utility level achieved by an individual in equilibrium,
this assumption means that 4= h(y), where y is the individual’s income and A
is some function. Although the equilibrium relationship between utility and
income is not explained within the model, the assumption A’ >0 (wealthier
people reach higher utilities) is natural. It should be noted that the
assumption of uniform utilities within income groups makes sense only in the
absence of market frictions. Unless a consumer is free to move to another
community or to change his consumption bundle within a given community,
the assumption will be inaccurate.

The first step in the analysis is the use of a bid-rent model to determine
house rent as a function of housing characteristics. The basic idea behind this
type of model is that rents must vary across houses in such a way that
consumers reach the same utility level regardless of where they live. The rent
for an attractive house (one with a high ¢ or high public consumption levels)
must be higher than that for a less attractive house to ensure that the
occupant of the latter house enjoys higher non-housing consumption than his
neighbor and is therefore able to reach the same utility level. The formal
derivation begins by noting that since a consumer with income y is assumed
to achieve utility A(y), his consumption bundle must satisfy

u(zy,22, 4, %)= h(y). (1)

The rent R for a dwelling which affords given consumption levels of the
public goods and housing must adjust (altering x consumption) so that (1)
holds. Since the consumer’s budget constraint may be written x+R=y, it
follows that R must satisfy

u(Zl’Zb q’y_R)=h(Y) (2)
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Eq. (2) implicitly determines the consumer bid-rent function
R:R(szz,q;}’)’ (3)

which gives the house rent consistent with the assumed utility level as a
function of public consumption levels, house size, and income. The fact that
attractive houses command high rents follows from differentiating (2), which
gives '

3 s Y _R
Rj(zl,zz,q;y)zww, ji=1,2,3 @)

u4(zla 22,4, y_R)

(subscripts denote partial derivatives). Eq. (4) shows that rent must
increase, reducing x consumption, to cancel the utility-increasing effect of a
higher z,, z,, or q. Note that the magnitude of the required rent increase
depends on the MRS between the given commodity and x. The effect of
income on rent is ambiguous under the bid-rent model (R,=1—h/u, Z0)
since an increase in y increases both sides of (2), making the required change
in R uncertain. Note that since housing consumption is held fixed as income
increases, the effect of an income change on housing expenditure is different
from the standard income effect. Finally, it is easy to show that the strict
quasi-concavity of the utility function means that R is a strictly concave
function of z,, z,, and q.

It is important to realize that for fixed z; and z,, (3) gives the constant-
utility rent payment as a function of g without specifying the house size
actually chosen by the consumer. Housing consumption will, of course,
depend on the consumer’s income level and will be influenced in addition by
the levels of the public goods. Therefore, the arguments of R must be viewed
as interdependent, with strong positive correlations among the variables
likely.® It will become clear below that for the purposes of the analysis, the
exact nature of this correlation is unimportant; the crucial observation is that
house rent must be related to z,, z,, ¢, and y in the manner described by (3)
regardless of the degree of association among the latter variables.*

The next important assumption is that tax revenue is raised entirely by
property taxation using separate property tax rates t, and 7, for the two

JAlthough no attempt is made to describe the political process by which public good levels
are set, it is natural that z, and z, would increase with the income level of the community. This
is a further reason to anticipate strong positive correlation among the arguments of R.

“In this context it is important to note that the consumer inhabiting a given house must offer
the highest bid for it. Letting ¢, and y; denote house size and income for some consumer i, this
means that R(z,,z,,q; y;) must exceed or equal R(z,,z, 49;y;), j#i, where z, and z, are the public
good levels for i’s community. With a continuum of income levels, i will be the highest bidder
only when Ry(zy,z,,q;y;)=0. Without a continuum of incomes, however, i’s bid can be maximal
without satisfaction of R,=0. Thus, even when R, is evaluated at the level of g actually
consumed, its sign remains ambiguous.
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public goods. This assumption is faithful to reality for the chosen sample
since Massachusetts communities levy no sales or income taxes. Now the
value (or selling price) of a rental property equals the present discounted
value of the excess of rent over the property tax liability. Letting v represent
value, it follows that

U:&(‘cb;‘cz)v, (5)

where 6 is the discount rate.® Rearrangement gives the value of a house as a
function of z,, z,, g, ¥, and the property tax rates:

,Rz1,22,4Y)

) 6
0+1,+1, ©)

Using (6), the aggregate value of rental property in a community with n
houses may be written

P

l

Z": R(z,,25,45y)

r 7
1 0+TI+T2 ()

Although the discussion so far applies to rental houses, the same results
hold with owner-occupied dwellings. This follows because in equilibrium an
owner-occupier must be indifferent between owning and renting his house.
Indifference requires that the present discounted value of rental payments
R/0 equals the purchase price of the house v plus the present discounted
value of property tax payments (t; +7,)v/0. This equality reduces to (5),
implying that (7) is appropriate regardless of the renter—owner—occupier
composition of the community.®

The analysis so far ignores the production side of the housing market in
that aggregate value (7) is entirely demand-determined via the bid-rent
function R. Although house value will in fact equal production cost in a
steady-state equilibrium [making (7) superfluous], there is good reason to
suppose that this link will be servered in the real-world economy, so that a
demand-oriented model of house value is appropriate. To establish these
points, suppose that land and capital are inputs to housing production, that
the supply of land to each community is perfectly elastic at the uniform
agricultural price, and that capital’s price is the same everywhere. Under
these circumstances, the production cost for a house of size g will be uniform

5The formulation (5) implicitly assumes that houses have infinite lives. Incorporating the effect
on value of differences in remaining lifespans among houses would introduce severe

complications.
SThis discussion obviously ignores the different tax treatment of owner-occupiers and renters.
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throughout the economy. Letting a(g) denote this cost, it then follows that in
a steady-state equilibrium with zero producer profit, the value (selling price)
of a house of size g in any community must equal a(g), so that house value is
independent of the levels of the fiscal variables.” Since the aggregate value of
residential property in a community will therefore equal Y a(q;), aggregate
value will be insensitive to the public sector, being fully determined by the
characteristics of the community’s housing stock. This zero-capitalization
outcome is unlikely to obtain in the real world, however. The dynamic
nature of the economy means that while value might equal production cost
for new houses, the link between the two will be broken as time progresses,
so that the value of an aging house need not equal its replacement cost.
Thus, for most of the housing stock, value will be demand-determined and
hence sensitive to the levels of the fiscal variables, making (7) the appropriate
aggregate expression.

A variant of the preceding analysis applies to business property. Suppose
first that production uses labor as well as structure and non-structure capital
but that the public goods z; and z, do not enter firm production functions.
For a given structure input s, firms (which are assumed to be identical) will
maximize profit gross of rent, with the maximized value n(s,g) depending on
the structure input and the wage rate g; the price of non-structure capital
(machines and intermediate goods) will be uniform across communities. Since
business rents will be bid up to eliminate profits, the rent for a business
structure of size s in a community with wage rate g must equal =(s,g),
implying that the structure’s value is n(s,g)/(0+17,+1,). Assuming that the
community has m firms and using (7), the aggregate value P of residential
and business property may then be written

m

Z R(ZlaZZ’ qw yl) z T[(Sj’ g)

P=P 4 P,=""1 +11 , 8
° 041,41, 041,41, ®

where P, stands for the aggregate value of business property.®

"Note that the resulting absence of capitalization is due entirely to competition in the housing
market. When community land areas are fixed, so that the supply of land to housing producers
is perfectly inelastic, the story is somewhat different. In this case, fiscal variables may be
capitalized into land rents, so that housing production costs embody fiscal effects and
capitalization shows up in house prices. One might then argue that competition among
community developers will lead to replication of ‘desirable’ communities until land rents
everywhere equal the agricultural rent, implying the disappearance of capitalization in house
prices, just as in the case where individual community land areas are flexible [see Hamilton
(1976)]. It is important to realize that the absence of capitalization under this scenario does not
necessarily imply public sector efficiency, contrary to the claim of Edel and Sclar (1974).
Establishing that competition among community developers leads to Pareto-efficient public good
outputs would require further (difficult) analysis.

8When firms are realistically different from one another, the function 7 must be indexed by
firm type. For a firm of type j to occupy a given structure of size s, it must be the case that
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The property tax system must raise revenue sufficient to finance that part
of a community’s public expenditures not supported by intergovernmental
aid. Letting G, denote the intergovernmental revenue received by the
community to help finance provision of public good k, budget balance for
the local government requires

1, P+ G, =C'(z4,n) 9)

and

1,P 4+ G, =C%(z,,1), (10)

where the C* are the cost functions for public production (convexity in the
public outputs is assumed). The appearance of community population n in
these functions reflects public good congestion; C =0 is appropriate if z; is a
pure public good, while C%>0 would hold in the presence of congestion.’

Using (9) and (10), the property tax rates may be eliminated frorn the
aggregate value expression (8). First, summing (5) across i yields

P,:ZRi_(Tl +1,)P,

: (1)
[R denotes R(z,,z,,q; y:)]- The analogous relationship
Pb=znj_(T1+TZ)Pb 12)

14

holds for business property [n’ denotes n(s;,g)]. Next, (9) and (10) can be
added to yield (t, +1,)P=CYz,,n)+ C*z,,n)—G, —G,. Finally, adding (11)
and (12) and using the previous result to eliminate (t, 4+ 7,) (P, + Py) gives

1 n
Pzé{z R(z1,22,45 y) + 1T+ G“Cl(zl’")_cz(z"n)}’ "
i=1

(s, g) =max {z'(s,g), i=1,...l}, where [ is the number of firm types. Aggregate business property
value becomes Y n/%(s;, g)/(6+1,+1,), where f(s) equals the index of the firm type with the
highest value of = for the given structure. Since the subsequent analysis will use aggregate
business profit gross of rent (II) directly as an independent variable, the exact form of the
expression which yields IT turns out to be unimportant. Thus, whether P, in (8) or the more
complex expression above is appropriate for determining aggregate value is immaterial for the
purposes of the analysis. In addition, note that the local wage variable g is submerged in the
variable I1.

9Since z, and z, are represented by education and other municipal services in the empirical
work, the assumption of independent cost functions is realistic. For other pairs of public goods
{fire and police protection, for example), the cost of providing a given amount of one public
good could depend on the level of provision of the other.
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where HEan is aggregate business rent and G=G,+G,. Eq. (13) shows
that aggregate property value is equal to aggregate residential and business
rent plus intergovernmental aid less public good production costs, all divided
by the discount rate.

The partial derivatives of (13) with respect to variables other than the z,
are

P 1

T:—Ra(zlazzaQi§Yi)>0’ (14)
0q; 6

P 1

——=-Ru(21,25,95 y) 20, i=1,2,..,n, (15)
oy, 6

P oOP 1

Bl N s} 1
a6 070 1o

While the above results follow automatically from (13), somewhat more
insight can be gained by referring to (8). First, it may be shown that the
partial derivatives of the 1, with respect to the ¢;, 1, and G are all negative
due to the reduction in tax effort which is possible in a community with
large houses, substantial business property, or generous intergovernmental
aid. An increase in g; or IT therefore causes an indirect increase in aggregate
value through lower tax rates together with a direct increase due to higher
aggregate rent [see (8)], yielding the positive expressions in (14) and (16).
While an increase in G has no direct effect on rent, the indirect effect which
operates through lower tax rates increases aggregate value, as shown in (16).
Finally, the ambiguity of the effect of income changes on aggregate value
[see (15)] follows from the uncertain effect of income on rent under the
model.'?

Although an increase in T could reflect an increase in either the size or
number of business properties, finding the cffcct on value of an increase in
the number of houses in the community reqiiires further analysis. First, it is
easy to see that if z; and z, are pure public goods (C3=C3=0), then any
increase in n results in higher aggregate residential rent without increasing
public production costs, and aggregate value in (13) increases. On the other
hand, if the public goods are congested, then higher public expenditures are
needed to hold the z, fixed as n increases, and the direction of change for (13)
is uncertain. However, as long as the increment to rent exceeds the added

'®Note that even though footnote 4 suggests that dP/dy; will be approximately zero for all i, it
is not appropriate to delete incomes from the aggregate property value relationship since (as will
be seen below) utilities and hence incomes must be held constant to make efficiency inferences
from the signs of ¢P/dz,, k=1,2.
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public sector costs, aggregate value will rise with n. The strong likelihood
that this condition will be satisfied suggests that a positive relationship
between aggregate value and the size of the housing stock will be observed.

The nature of the relationship between aggregate property value and the
levels of the public goods z, and z, provides the basis of the test for
allocative efficiency developed below. Differentiation of (13) with respect to z,
and z, yields

P 1/ &
a2 :9<421 Rz}, 25, Qi;yu')“cl;(zk, n))
V2 i=

1( « uk(zl’zz’qi’xi)

St ug(zy, 22,45 X))

; —c’;(zk,n)>, k=1,2, (17)

where the last equality follows from (4). Eq. (17) establishes that éP/oz,
equals zero when the sum of the marginal rates of substitution between
public good z;, and the numeraire equals the good’s marginal cost (that is,
when the Samuelson condition for good z, holds). Since R is a strictly
concave function of the z, and since C* is assumed to be convex in z,,
k=1,2, it follows that P in (13) is strictly concave in the z,. The strict
concavity of P means that, ceteris paribus, aggregate property value reaches
a global maximum at values of z;, and z, where both Samuelson conditions
hold. This important result provides the foundation for the subsequent
empirical work.

By imposing more structure on consumer tastes, it becomes possible to
deduce whether the public goods exceed or fall short of their ceteris paribus
property-value-maximizing levels simply by examining the signs of ¢P/oz,,
k=1,2. This greatly simplifies interpretation of later empirical results. It is
necessary to assume that the utility function is additively separable in z, and
z;, 5o that u(z,z,,9,x)=¢(z,,4, X)+ (25, ¢, x). In this case, the MRS between
z, and x is independent of z, and the MRS between z, and x is independent
of z,, with the result that éP/dz, in (17) depends only on z,, k=1,2. This in
turn means that z, is underprovided/overprovided relative to the property-
value-maximizing level as dP/0z, Z0, k=1,2. Without separability of tastes,
this useful conclusion need not follow.

Although (17) shows that local stationarity of aggregate value requires
satisfaction of the familiar Samuelson conditions, it is important to know
precisely what efficiency implications stationarity holds. The issue is,
unfortunately, not entirely straightforward due to the existence of a property
tax. As shown in Brueckner (1980) using a model without business property,
such a tax will distort consumer choice between housing and the numeratre
x, leading to an equilibrium in which the housing stock must be viewed as
non-optimal. Brueckner showed that as a result, satisfaction of the
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Samuelson conditions yields only a second-best conclusion: under property
taxation, satisfaction of these conditions implies that resource allocation
within the community is Pareto-efficient conditional upon the non-optimal
housing stock. A similar argument would suggest that when aggregate
property value is locally stationary (and hence maximal) under variation in
z; and z, in the present model, resource allocation is Pareto-efficient
conditional upon the non-optimal stocks of residential and business
structures. That is, no rearrangement of non-structure community
resources could lead to a Pareto-superior allocation.!!

The fact that structures are extremely durable means that the notion of
conditional efficiency is of real practical interest. While in the very long run
the stock of structures would respond to a change in the z;, the stock will be
essentially frozen in place over the short term. Under these circumstances,
conditional efficiency is clearly a pragmatic planning goal. At each point in
time, public outputs should be chosen to yield a Pareto-optimum conditional
on the (essentially fixed) stock of structures.!?

Before proceeding to the empirical work, a review of the structure of the
model will help clarify the connection between conditional efficiency and the
behavior of property values. Fundamental to the derivation of the aggregate
value relationship (13) were the assumptions that consumer utilities are fixed
at equilibrium levels and business profits are zero. In essence, (13) tells how
aggregate value must be related to community characteristics in order for
both these conditions to be satisfied. Now although (13) will therefore fit the
cquilibrium data of a community system, the relationship may also be used
for the conceptual exercise of determining how aggregate value in a given
community would change if z;, or z, were increased while the utility levels of
community residents and other variables were held fixed (that is, ¢P/0z,,
k=1.2, can be evaluated). Strictly speaking, this exercise. has no real-world
counterpart since other determinants of aggregate value (the ¢, /I, and
population n) would ultimately respond to a change in the z,, as would the
underlying utility levels (as mentioned above, however, the response of the
stock of structures will be very slow). Nevertheless, the answer yielded by this
ceteris paribus exercise is important for its efficiency implications: as stated
above, if marginally increasing either z, or z, were to change P, then public
good outputs are inefficient conditional on the community’s stock of
structures. Concretely, this means that the equilibrium utilities of  the

''Although the analysis of Brueckner (1980) relates to a model where the only private
production activity is housing production (so that a stock of business structures does not exist).
an extension of the paper’s argument would cover the case where each community has both
business and residential structures.

‘21t should be realized that even though the property tax will distort housing choices in a
static setting, a perhaps more compelling reason for non-optimality of the stock of structures
stems from the fact that buildings are very long-lived. Even in a world where no tax-induced

distortions exist. imperfect foresight on the part of developers will yield housing output decisions
which are non-optimal in a dynamic sense.
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community residents, h(y;), i=1,2,....n [see (1}], are\suboptimal in that
reallocation of non-structure resources could increase the utility levels of
some residents without reducing those of any others. Essentially, 0P/dz, #0,
k=1,2, means that the community could do better than it does in equilibrium
by rearranging non-structure resources.'’® Now the goal of the empirical
work is to ascertain whether 0P/0z,#+0 typically characterizes real
communities. The fact that this is a ceteris paribus question poses no special
problem from an empirical point of view since regression analysis applied to
the equilibrium data of a community system will allow isolation of ceteris
paribus effects, as will be seen in the next section.

3. The estimation problem

Sample observations for the variables P, z, z,, II, G, Q, and Y (the latter
are vectors representing the g, and y;) will lie somewhere on or near the
aggregate property value hypersurface defined by (13) {(a random error term
will account for some scatter around the hypersurface).!* The goal of the
empirical work is to extract information from this point scatter concerning
public sector efficiency in the sample. To see how this is possible, consider
for a moment an unrealistic situation in which a single public good z is
provided at different levels in a cross section of communities with identical
values of @, Y, II, and G. In this case, aggregate property value is a simple
single-peaked function of z, as shown in fig. 1. Suppose, further, that as
shown in the figure, all sample observations lie to the left of the peak (that
is, 0P/0z>0 holds in each community). This means that the public good
outputs in the sample are inefficient in the conditional sense of section 1
(holding a community’s stock of structures fixed, a higher public good output
would permit a Pareto-superior allocation). Now in the situation shown in
fig. 1, it is clear that a regression line fitted to the data will exhibit a positive
stope. Similarly, if all observations lie to the right of the peak [public goods
are overprovided relative to the common (conditionally) efficient level], then
the regression line will have a negative slope, while if observations are
clustered near the peak of the curve, then the slope will be near zero. When
communities realistically have different values of @, Y, II, and G, similar
conclusions emerge: if communities uniformly satisfy 0P/0zZ0, then a
regression hyperplane fitted to the data will exhibit a positive/zero/negative

131t should be noted that this result concerns only the internal efficiency of communities.
Satisfaction of the Samuelson condition in each jurisdiction is not sufficient for global optimality
of the community system equilibrium (a major reorganization of community populations might
improve everyone’s welfare). See Brueckner (1980).

14Strictly speaking, references to a single hypersurface ignore the fact that the number of
arguments of P will differ from community to community as a result of variation in n and
consequent variation in the dimension of the vectors Q and Y. Since Q and Y will be represented
in the regression equation by a few summary variables, this problem disappears in practice.
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Fig. 1

z-coefficient. Similarly, when two public goods are provided, uniform
satisfaction of 0P/0z,Z0 yields a positive/zero/negative z,-coefficient for a
regression plane, k=1, 2.

If one is willing to believe that communities share a common efficiency
bias in providing public goods [uniformly underproviding or overproviding
them relative to the (community-specific) levels where 0P/dz, =0], then the
preceding discussion makes interpreting property value regression results
especially easy. In the one-public-good case, a positive/negative z-coefficient
will indicate a common bias toward underprovision/overprovision of the
good, while a zero coefficient will indicate a tendency toward efficient
provision. Similar conclusions hold in the case of two public goods when it is
recalled that separability of tastes allows the direction of inefficiency for good
2, to be evaluated simply by noting the sign of dP/dz,, k=1,2. With separable
tastes, a positive/negative z,-coefficient will indicate a common bias toward
underprovision/overprovision of good z,, k=1,2, while a zero coefficient will
indicate a tendency toward efficient provision of the good.

The preceding argument shows that when communities exhibit a common
efficiency bias, the direction of inefficiency in the sample may be evaluated by
simply noting the signs of the z,-coefficients of a regression plane fitted to the
data. Without a common bias, however, interpretation of regression results is
more difficult. For example, if some communities substantially underprovide
while others substantially overprovide public goods, then in the simple case
of fig. 1, data points will be clustered in two widely separated groups on
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either side of the peak of the curve and a regression line may show a slope
close to zero. In this case a zero slope indicates a diversity of public good
levels rather than a tendency toward efficiency. This type of ambiguity,
however, does not prohibit the extraction of important information from
such regression results. Since a positive z,-coefficient is inconsistent with
uniform overprovision of good z, in the sample, while a negative coefficient is
inconsistent with uniform underprovision, it follows that a positive/negative
zi-cocfficient is  evidence - against a  systematic  tendency to
overprovide/underprovide good z, For example, a positive z,-coefficient
justifies the statement: ‘not all communities in the sample are overproviding
z,’. While this statement is weaker than the conclusion that z, is uniformly
underprovided, it does not rely on the strong assumption of a common
efficiency bias among communities. Finally, a zero z,-coefficient is evidence
that there is no systematic tendency to underprovide or overprovide good z,.
It is, of course, not possible to tell in this case whether public good levels are
approximately efficient in the sample or whether (as in the above example)
communities choose grossly inefficient outputs.

The next section describes the estimation procedure and the data and
interprets the empirical results in light of the preceding discussion.

4. Estimation technique, data, and empirical results

In fitting a regression plane to the data, the fact that the aggregate
property value relationship (13) forms part of a simultaneous equation
system was taken into account. First, as discussed above, the features of a
community’s housing stock will depend on the income levels of its residents
as well as on features of the economic environment such as the levels of z,
and z,. Moreover, since a community’s public good outputs represent the
outcome of a political process which aggregates in some way the desires of
its residents, z, and z, must themselves be viewed as functions of income
levels, other soctoeconomic variables, and variables such as IT and G which
determine the tax effort required to support given expenditure levels. In
addition, since intergovernmental aid of various types is determined in the
sample by a number of complicated formulae involving local spending levels,
incomes, and even aggregate property values (the latter applies in the case of
state aid to education), it follows that G must be viewed as a function of
other variables in the model.

Now as is well known, the right-hand variables in an equation which is
part of a simultaneous system typically will be correlated with the error term.
In the present context, this means that the direction of sample deviations
away from the hypersurface (13) will be sensitive on average to the values of
the right-hand variables. In a standard simultaneous equations setting, this
kind of correlation leads to inconsistent OLS estimates of structural
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parameters. As the discussion in section 2 makes clear, however, the goal of
the present empirical work is not to estimate the parameters of a structural
equation. Rather, the empirical procedure is meant to indicate where on the
hypersurface corresponding to the structural eq. (13) the sample observations
lie. Nevertheless, it is clear that correlation between the right-hand variables
in (13) and the error term will distort the relationship between the point
scatter and the underlying hypersurface, introducing a possible source of
error into the procedure described in section 2. To eliminate this correlation
problem, two-stage least squares was used in fitting a regression plane to the
data. The levels of the public goods and intergovernmental aid as well as
community housing characteristics were viewed as endogenous variables,
while incomes, community size, and aggregate business rent (which was
viewed as closely related to local business employment) were taken to be
exogenous.!?

As a result of the notorious unreliability of previous data on aggregate
property values in Massachusetts communities, the state government
completed in 1976 a costly, ambitious project designed to facilitate accurate
measurement of aggregate values and thus increase the fairness of the
distribution of state aid to education, which is tied in Massachusetts (as
elsewhere) to the size of community tax bases. The resulting 1976 aggregate
property value (‘equalized value’) measure is the dependent variable for the
regressions. To represent the income vector Y, the scalar variable equal to
community median income for 1970 (denoted YMED) was used (an income
measure for a year closer to 1976 was not available). The search for variables
measuring housing stock characteristics ranged over six possibilities: the
percentage of 1970 housing units which had at least three bedrooms, had
more than one bathroom, lacked some or all plumbing facilities, were in one-
unit structures, or were built after 1960, and the median number of rooms in
all housing units. Since the second of these variables (denoted BATHS)
performed best, it is the sole housing characteristics variable included in the
regressions. As a measure of the size of the housing stock, the number of
housing units in the community in 1970 (denoted HUNITS) was used (a
more current housing stock proxy, 1975 community population, performed in
an essentially identical fashion). At first, total retail, wholesale, service, and
manufacturing employment represented I, aggregate business rent. High
correlation between HUNITS and total employment in the three non-
manufacturing categories led to their deletion, however, with manufacturing
employment (M FGEM P) remaining in the equation. As a result, the sizes of
the stocks of residential and commercial structures are represented

3]t could be argued that population and income belong in the list of endogenous variables
since the number of people attracted to a community (as well as their income levels) arc
variables determined by a migration process. Since the case for endogeneity is less strong.

however, for these variables than for public good levels, intergovernmental aid, and housing
characteristics, they were treated as exogenous.
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simultaneously by the variable HUNITS, with MFGEMP representing the
stock of manufacturing structures. Total intergovernmental revenue received
by the community in 1976 (IGREV) represents G in the regressions.

Although the analysis did not consider the effect of accessibility to
employment on property values, a dummy variable representing community
location was included in the regressions. The variable (LOCD), which
assumes the value of zero for Boston and its seven innermost suburbs and
equals unity otherwise, should exhibit a negative coefficient due to the
positive relationship between accessibility and property values predicted by
urban spatial analysis.

The public good levels z; and z, were represented by 1976 community
education expenditures (EDEX) and non-education municipal expenditures
(MUEX). Both variables were computed net of capital outlays and reflect
subtraction of charges for school lunches in the case of education and
charges for sewage, hospital, and other services in the case of municipal
expenditures (charges are levied for services not supported by property
taxation).!®

The sample consists of 54 Massachusetts communities with school districts
enrolling at least 5000 pupils in 1976. Fourteen communities with
enrollments exceeding 5,000 were omitted because of non-negligible 1970
payments (in all cases in excess of 3 percent of education expenditures) to
regional school systems for services such as secondary or vocational
education (a number of regional school districts exist in Massachusetts to
provide specialized services to small local districts).!” A list of the sample
communities is found in the appendix. The greatest virtue of the
Massachusetts sample is that school districts in the state are coterminous
with municipalities and townships, guaranteeing that consumption of
education and other municipal services is uniform within city boundaries.
Almost everywhere else in the U.S., municipal and school district boundaries
bear no systematic relationship to one another, making it exceptionally
difficult to deduce the public spending levels relevant to any given area.!®

'®The change from public good levels to expenditures requires inverting the relationships
E,=C%z,,n) and E,=Cz,,n) (the E, are expenditures) to yield z,=C*E, n), k=1,2. Writing
P from (13) as a function of z,,z,, Q, ¥, 1, and G, the basic equation becomes

P=P(CYE,n),CHE,n),Q,Y,11,G)

=PEE,; 0, Y,11,G)

It is easy to see that since 0P/OE,=(0P/0z)(6C*/OE,), where 6C*/0E, >0, the signs of 0P/JE,
have the same efficiency meaning as the signs of dP/dz,, k=1,2.

'"The source for regional disirict contributions was the 1970 Annual Report of the Department
of Education of the Commonwealth of Massachusetts.

'8A potential criticism of the Massachusetts sample is that communities are not all located in
the same metropolitan area, making the assumption of uniform utilities within each income
group difficult to accept. A response to this criticism is that the physical size of the state of



326 J.K. Brueckner, Allocative efficiency in the public secior

In the TSLS estimation procedure, the variables BATHS, IGREV, EDEX,
and MUEX were taken to be endogenous, while YMED, HUNITS,
MFGEMP, and LOCD were treated as exogenous. Other exogenous
variables not in the equation but appearing in the reduced form were 1970
values for the percent of community residents with at least a high school
education, the percent of families with children under six years of age, the
percent of employed residents with white-collar jobs, the percent of
community housing units owner-occupied, the percent of units built since
1960 (a measure of the newness of the community), and a dummy variable
which assumes the value one for a rural township and zero otherwise.
Together with the included exogenous variables, these variables explain
nearly all of the variance in the endogenous variables (reduced-form results
are not reported).

The first line of table 1 shows the TSLS regression results using EDEX,
MUEX, HUNITS, BATHS, MFGEMP, YMED, IGREV, and LOCD as
right-hand variables. Note that the estimated coefficient of BATHS is
significantly positive, indicating that, other things equal, a higher proportion
of large houses (houses with more than one bathroom) leads to higher
aggregate property value. Similarly, the significantly positive coefficient of
HUNITS indicates that a larger number of housing units (and thus a larger
stock of commercial structures) leads, other things equal, to higher aggregate
value. The coefficient of MFGEMP is positive but insignificant, showing that
the effect on aggregate value of differences in stocks of manufacturing
structures is too weak to manifest itself in the regressions. The coefficient of
the location dummy LOCD has the anticipated negative sign, although the
effect of accessibility on aggregate value is apparently not strong enough to
yield an estimate significantly different from zero. YMED’s coefficient is
significantly negative, indicating that, other things equal, higher incomes
reduce property values. A possible explanation for this somewhat surprising
result is suggested by the negative correlation in the sample between median

Massachusetts is small enough so that the informational preconditions for arbitrage leading to
uniform utilities are present. This argument ignores, however, possible short-run frictions due to
job immobility among metropolitan areas, an impediment to mobility which does not arise when
all employment is in the central city of one metropolitan area and selection of a community
simply involves a choice of residential location.

A related point concerns income variation across municipalities. If utilities for individuals with
identical job skills are equalized across cities by income (as well as house price) variation, then it
will no longer be true that all people with the same income reach the same utility level. People
with identical skills will enjoy equal utilities, but income equality for consumers in different cities
could mask a utility differential. This possibility means that control for basic skill characteristics
would be necessary to correctly implement the model (community labor force characteristics as
well as income levels would appear in the modified regression). On the belief that income
variation across the sample cities within skill classes is likely to be relatively unimportant, this
modification was not pursued. Note that the above difficulty would not arise if all sample
communities belonged to the same labor market.
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income and ‘business employment (rich communities tend to be bedroom
communities). This correlation may allow YMED to pick up the depressing
effect on aggregate value of a low level of business employment (recall that
the pure effect of income on value was ambiguous). While insignificant, the
estimated coefficient of IGREV is negative and has a relatively large absolute
t-ratio, in apparent violation of the model. The only immediate explanation
for this anomaly is that the regression is picking up the negative relationship
between state aid to education and aggregate (equalized) property value
which follows from the state aid formula. In other words, the negative
association between these variables implied by another structural equation in
the system (the aid formula) is strong enough to mask, in spite of the use of
TSLS, the positive relationship anticipated for the given structural equation.

The most important regression results, of course, are the estimated
coefficients of EDEX and MUEX, neither of which is significantly different
from zero. Recalling the discussion in section 2, these facts suggest the
important conclusion that neither public good is systematically over- or
underprovided in the Massachusetts sample. Under the supposition that
communities share a common efficiency bias, the results carry the stronger
implication that local public outputs in Massachusetts exhibit a tendency
toward conditional efficiency. The second line of table 1 shows that similar
conclusions emerge when communities are viewed as providing one public
good instead of two. When public expenditure is represented by the single
variable EX=FEDEX+ MUEX, little change occurs in the sign and
significance of the other estimated coefficients (one encouraging change is the
substantial increase in MFGEMP’s t-ratio). Moreover, EX’s insignificant
coefficient suggests the same efficiency conclusions reached above: there is no
evidence -of a tendency toward systematic over- or underprovision of a
composite public good; evidence exists of a tendency toward conditional
efficiency under the assumption of a common efficiency bias.'®

This favorable efficiency verdict should be viewed with some caution. The
reason for this warning is the existence of moderately severe multicollinearity
among a subset of the sample variables.2® While multicollinearity no doubt
accounts for the relatively low t-ratios on the important HUNITS and
BATHS variables as well as the weak performance of MFGEMP and LOCD,
multicollinearity may also explain the imprecision of the public expenditure

"It should be noted that use of a significance test to decide whether the z-coefficients are
different from zero is not entirely appropriate when a common efficiency bias does not exist.
Since no parameter is being estimated in this case (the regression provides information about the
location of the point scatter on the P hypersurface rather than indicating the slope of the
hypersurface as it passes through the scatter), a test of a null hypothesis about an underlying
parameter value is not appropriate. For want of a better procedure, however, the argument
relies on a significance test.

2°The simple pairwise correlations between MUEX, EDEX, HUNITS, and IGREV all lie
between 0.984 and 0.992.
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coefficients, whose low t-ratios lie behind the favorable efficiency verdict.
Unfortunately, since no remedy exists for the multicollinearity problem, there
is no way of evaluating the extent of its influence on the regression results.

It is interesting to compare the present conclusions with those of
Brueckner (1979). Using the assumption of a common efficiency bias to
interpret a median-value regression, Brueckner concluded that public goods
in the well-known Oates (1969) sample were overprovided. The present
efficiency verdict, which follows from a much simpler chain of reasoning, is
considerably more reliable in spite of the multicollinearity problem discussed
above.

5. Conclusion

The results in this paper suggest that Massachusetts communities exhibit
no systematic tendency to over- or underprovide public goods. This means
that a representative community is as likely to provide each public good
above the level which is Pareto-efficient conditional on its stock of structures
as it is to provide it below the conditionally efficient level. If the strong
assumption that communities share a common efficiency bias is satisfied, the
results suggest the stronger conclusion that the local public sector in
Massachusetts exhibits a tendency toward conditional Pareto-efficiency.
While similarity of governmental structures among communities in the
sample suggests that a common efficiency bias may well exist, the assumption
unfortunately remains in the realm of conjecture.

Although the above empirical results are informative and interesting, the
paper’s most important contribution is its demonstration that the public
sector efficiency question can be addressed empirically using a unified,
rigorous framework built on relatively weak assumptions. The other major
efficiency study by Barlow (1970) does not share the latter feature since it
invokes the median voter model and imposes strong assumptions on
functional forms.

As a final observation, it should be realized that the passage in 1980 of
Proposition 2 1/2, whose intent was to slash property tax levies in
Massachusetts, appears puzzling in light of the present evidence. Apparently,
a substantial majority of Massachusetts taxpayers desired a reduction in
local public spending, suggesting that public outputs were generally above
Pareto-efficient levels. Of course, voters may have subscribed to the common
‘tax revolt’ notion that reduced government waste would allow maintenance
of public consumption levels in the face of smaller budgets. To the extent
that this notion was widely held, the passage of Proposition 2 1/2 is not
inconsistent with this paper’s empirical conclusions.
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Appendix

Communities in sample
Agawam** Medford
Andover** Meirose
Arlington Natick
Attleboro Needham
Barnstable** New Bedford
Beverly Newton
Billerica** Peabody
Boston* Pittsfield
Brookline* Quincy
Burlington Reading
Cambridge* Revere*
Chicopee Salem
Dedham Saugus
Everett* Somerville*
Framingham Springfield
Franklin Taunton
Gloucester Tewsbury**
Haverhill Wakefield
Hingham** Waltham
Holyoke Watertown*
Leominster West Springfield
Lexington Westfield
Lowell Wellesley
Lynn Weymouth
Malden* Wilmington**
Marlborough Woburn
Marshfield** Worcester

*Boston or inner suburb.
**Rural township.
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