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1. Introduction

The free-rider problem has long been regarded as intrinsically unsolvable as
a practical manner. The essence of this problem is that for a Pareto-optimal
solution to be reached, individuals must reveal their preferences for public
goods. However since each individual consumes the total quantity of public
goods supplied, it is in any individual’s interest to either understate or
overstate his preferences depending on how the stated preferences are used in
the financing process of the public good. We are thus left without a direct way
to determine the efficient level at which to produce a public good.

A number of recent papers have developed a variety of ways to overcome
the free-rider problem. However the literature on the theoretical design of the
mechanisms has not dealt with empirical issues, nor used real world data. The
purpose of this paper is to analyze the efficient provision of a public good
using the weak complementarity approach of Bradford and Hildebrandt
(1977) and Hildebrandt and Tregarthen (1979-hereafter H-T).

This paper is organized as follows. In section II, it is shown that different
individual behaviors (altrustic as opposed to self-interested behavior) toward
financing a public good result in different amounts of willingnesses-to-pay for
a public good. It is also shown that constant-income-elasticity private good
demand functions satisfy the restriction that the marginal rate of substitution
of private good price for the level of public good provision is independent of
income. This fact is applied to the case of substitutes, which raises a strong
possibility that this approach may be extended to a wide range of goods.
Section III describes further directions of research.

II. Theoretical Issues

H-T estimated the efficient levels of school quality and other local public
goods with data first used by Oates (1969). Based on the theoretical treatment
of the weak complementarity approach in Bradhord and Hildebrandt (1977),
they estimated a demand function for housing and with that calculated the
efficient levels of public goods provision. They concluded that a method of
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estimating P, the price at which a public good becomes valueless, would
greatly increase the power of the analysis. In this section it is shown first that it
is not always necessary to calculate p to get the efficient level of a public good.

Let’s assume first that consumption of a private good and a public good are
interdependent so there is a price of the private good, {, at which the public
good is valueless:

Vi (p.q.y') /Vy(p,q,y') =0 at p=p, @)

where V’ (p, q, y’) is individual i's indirect utility function. The second
assumned restriction is that the marginal rate of substitution of the private good
price for the level of the public good provided is independent of income:

a[Vi(p.a,y') /Vitpay)1/ay'=0, i=12,...,n (2)
From the private good demand function,
I:i p(&,q.y") dé*=§ xi(7,q.,y') de+x'p
= _f’: p(&',q.y')dei = fj X (7,q,y%) dr
+ _fo_o x‘(r,q,y") dr+x'p
»
= f:z pq(Ei’q,Yi) d¢t = f‘zx;(r,q,yi) dr
+ ji; xé(r,q,yi) dr.
Proposition 1: If the two restrictions mentioned above are satisfied, then
§5 xi(r,q.y") dr=0 and f:i pe (& ,q.y%) dé’

= I xi(ra.y") dr.

Proof:
x'=-Vi/V} (by Roy’s identity), )
X, =-2(V} /V§) /dq= ~(Vi, Vi -VBV,) / (V§)E. @

By the restriction of interdependence,

Vi/V5=0 at p=p. Then 3(V; /V})/dp=0 at p=p. (5)
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From (5),
(V3aV5-Ve Vis) / (V3)? =0 at p=p.
From the second restriction
8(Vi/V3) /oy’ =0 o (ViyVs-Vi Vi) / (V2= 0
o VoV i = Vivs,,
From (4), (6) and (7),
xg=0 at p=9p.
Therefore,
§;x¢=0 and f’,‘: p.(&',q.y7) dé'= ff xi(7,q,y9 dr,

This proposition shows that we can use either expression for the individual i’s
willingness-to-pay.

Remark: If the assumption of constant marginal utility of income is
adopted, the proof is much simpler:

Va(p.q,y')=0 at p=p and Viy=Viy=0, then

dVe/dp=0 at p=p, 9x'/0qg=0 at p=5p.

In our model, two restrictions are imposed. First, the marginal rate of
substitution of private good price for the level of public good provision is
independent of income (same as before). The significance of this
restriction is that even though there are income effects there will be no
difference between the willingness-to-pay and the money equivalent of a
utility change, both of which are represented by the change in the areas
under the demand curve [Bradford and Hildebrandt (1977), p. 123].
Second, there exists p at which the valuation of a public good becomes
invariant and the partial derivative of the value of the public good with
respect to private good price will be zero at p. This restriction allows the
possibility that at p one may still place some positive value on the public
good, which is a generalized version of the interdependency assumption
made by H-T in the following sense. Their first restirction, (1), is based
essentially on the self-interested individuals’ behavior. Even though an
individual has positive demand for a private good, a public good becomes
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valueless at a specific price level. However since individuals’ altruistic
behavior (or public regardedness behavior”) may have an important role in
the provision of a public good, it is likely that an individual will still place

1)

2)

According to Hanushek (1975), some individuals are inclined to support public expenditures
above those indicated by their own private interests and this public regardedness is linked to their
heritage and to their ethnic background. Also according to Deacon (1977), the appearance of
certain anomalous results in the study (e.g., high incomes voter favoring welfare proposals),
seemingly at odds with narrow self-interest, led to the introduction of “public regardingness” as
an attribute that influences the behavior of certain classes of voters.
It can be shown that the usual willingness-to-pay expression in terms of the direct utility function
(=U4/U,) is equivalent to the indirect utility expression (=V,/V,).
Let’s consider the following constrained maximization problem:

Max U( x,q,N)

s.t.px+H=y,
where N is a numeraire goods. Let

U(x,q,N)=U. (2-1)
Total differentiation of (2-1) gives
U,dx+quq+UNdN= 0. (2-2)

From the budget constraint (with p fixed),

dN=dy - pdx. (2-3)
Marginal utility of the numeraire good is equivalent to marginal utility of income. i.e.,

UN = U,. (2-4)
From (2-2), (2-3) and (2-4), we get

U,dx+Ugdq+U,(dy-pdx) = 0

(Us-pU,) dx+Ugdq+U,dy = © (2-5)
Since efficiency requires that U,/U, be equal to p. the first term of expression (2-5) vanishes:

Yo

T, (2-6)

dy -1 -
d—q]U-U—

From the indirect utility fnction, let

Vp.q,y)= U (2-7)

Total differentation of (2--7) gives

Vpdp+Vydq+Vydy = 0 (2-8)
Since dp=0 (i.e., p is fixed), we have the following relation:
_ dy | v=0 = Vg ) (2-9)
dq Vy

Therefore from expressions (2-6) and (2-9),

dy = U \%
ey =V=U = —4¢ =
dq | U=vVv=U T, = V:




A Theoretical Analysis of the Efficient Prouision of a Public Good 161

some valuation on the public good at a threshold price of the private good.
Therefore it is assumed here that an individual’s marginal valuation of the
public good stays constant with respect to the private good price at the
threshold price level. This assumption satisfies assumption (1) as a special
case. Specifically, these two restrictions are expressed as follows:

d(Va/Vi) /ay'=0%, (8)
8(Vi/Vi)/op=0 at p=pP (9)

where P is the threshold price for the private good. If the two expressions
(8) and (9) are satisfied, then x, will be equal to zero at p=p from
equations (4), (6), and (7). This implies that even though there is some
value from the public good at p Marshallian demand for x will not change
with the change in the level of the public good.

Altruistic and self-interested behavioral assumptions generally yield
different threshold prices. Let’s consider the following indirect utility
function which satisfies assumption (2):

Vip.,q.y) = f(y) +g(p.q).

With assumption (1),

Va(p,q,y) - ., 84p.,q)
e Py - the S =5 10
V,(p.q.y) 0 at p=pe fy(y) 0 at p=p (10)
With assumption (9),

g.,(p) f,(y)—g,(p.q) f,,(y) _ 0 at p-3 (11

{1,y }
< g,{pg =0 at p=p

Therefore p is generally different from P, and the numerical values of p
and P depend on the functional form of g (p, q). Now the relationship
between the threshold prices (p and P) and the change in the private good
demand due to change in the public good is as follows:

Velpaoy) - Veplay) (M 0L /Vy) (12)
Vy(p.q.y) Vy(p’.q.y) » dr

Since 3 (V,/V,)/ 3y is equal to zero from assumption (2), Vg, Vp is equal
to Vqu_v. And
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—M = — (V”VJ’_VQVM)
op V2, ’
x_ 0V /) (Ve Vs -Ve Vie)
% 2q &

Therefore, —a(V,/V,)/ 3 p= 9x/3q from assumption (2):

s (V,/V) o’
S, - e = f x(nay) dn

This implies that 3 (V,/V,)/ ap is equal to zero at p= p’ if and only if x, is
equal to zero at p=p'. With assumption (9), 3x/ aq is equal to zero at p. On
the other hand if assumption (1) holds, then assumption (9) always holds
at p, but not vice versa.

It is also noteworthy to compare the two assumptions, (1) and (9), based
on the properties of an indirect utility function. Let’s define complements
first. If a private good demand (x) increases as a public good (q) increases,
i.e., 3x/pq> 0, then they are defined as complements in consumption.”

From the indirect utility function (10),

_ a (VP /Vy) (quVy‘Vpqu)
Xg =~ = z >

oq Vs

Vv
Vy=0 X;=- VM .
y

In the case of complements, x,>0 (or equivalently V,,<0). Let’s assume
V, >0 for all positive p. Then

X.,= - M - _ (Vosa Vy =V V) _ V ppq
ap 2p 7 -
Vo/Vy

0 :. 0
P
Figure 1

3) This definition is different from one in Deaton and Muellbauer (1980, p. 46). Their definition is
that goods i and j are complements if 3 h;/9p; is negative, and they are substitutes if h;/ 8 P, is
positive, where h;is the Hicksian (or compensated) demand.
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with a well-defined indirect utility function, V,,, >0 (or equivalently
Xgp<0). Since V,,<0 and V,;,>0, the functional form of V,/V, is
U-shaped as in figure 1. With assumption (9), x, =0 at p=p. Since V,;,>0
for p> P, x and q may be interpreted as substitutes in consumption beyond
p. This analysis implies that goods can be either complements or substi-
tutes depending on the range of the private good price. In figure 1 if V,/V,
is tangent to the horizontal axis at §, then p becomes equal to § and there
will be no difference between assumption (1) and assumption (9). However
if V,/V, does not touch the price axis, we cannot get the threshold price
with assumption (1). Figure 2 pictures two private good demand curves
with different levels of a public good. Individual I's willingness-to-pay for a
public good is the shaded area in figure 2. The rightward shift of the
demand curve is caused by the increase in the level of the public good
provision (from q to q'). If the price of the private good is equal to P, then
there will be no change in the private good demand; i.e., x, (p, q, y)=0 at

P=P-

x(p, 4. ) x(p.q"y)

Figure 2

At a low price of the private good, demand for the good goes up as the
provision of a public good increases (x4 > 0 at p <p). As the price goes up,
the degree of increase in the private good due to the same increase in the
public good goes down (x4,<0). Finally at a high price there will be no
change in the private good demand due to the increase in the public good
(x4=0 at p=pP). And beyond that price the same increase in the public
good reduces the demand for the private good. In this case incremental
consumer'’s surplus can be maximized by setting the threshold price at P.
This maximized surplus is drawn as the shaded area. Any other price will
lower the incremental consumer’s surplus. The threshold price level is
chosen with assumption (9). The numerical value of the threshold price
depends on the specification of the private good demand function. If the
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quantity demanded is zero at p’ (p’ < p), then threshold price must be p’. If
the private good demand is of the form of a hyperbolic function, both V,
and V,, becomes zero at an infinite price level and quantity demanded will
be zero at this price level.

Proposition 2 (Self-Interested Behavior): With restrictions (1) and (2),
an individual’s willingness-to-pay is captured with the Marshallian private
good demand function in the interval between p and p.

Proof: From Willing’s Lemma 2 (1978, p. 241),

Ve (p.q.y) L4 Vo (p’,q.y)
—————— = §  x,(7,q,y)dr + —F 277 P4
V, (p.q.y) , hdY V, (p’,q,y)

Let p’ be equal to p at which price a public good becomes valueless:

Ve (p,q.y) s i
7’&_ = j xq(f,q'y)df+ L(pM
y (P,q,y) ? Vy (p’q’y)

By assumption that V, (p, q, y)=0at p=p,

Vo(p.q,y)
—RLYL J x4(r,q,y) dr.
Vy(p.q.y) »

Proposition 3 (Altruistic Behavior): With restrictions (8) and (9), an
individual’s willingness-to-pay is the change in Marshallian private good
demand due to the change in the amount of a public good in the interval
between p and P.

Proof: From restriction (9),

a[Vq(p’q’y) /Vy (P,q,y) ] / ap: O at p:r:)

The income compensation function, g, is defined by

V{p’q’ﬂ(p’q | po ,qo’ yo) } = V(po’qoxyo) (13)

This is the least income which achieves the same level of utility obtained in
a base situation parameterized by (p°®, q°, y°) when the consumer faces p
and q. From (13),

Vi{p.q, (5.9 1p°.q°y°) } = V(p°.q°, v°) (14)

Differentiating (14) with respect to q gives

Vo {Poa.#(B.q1p°,q°,y°) } + Vy (Pugupt) (15)
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#a (P.q[p°.q°.y°) =0,
Lety (P. q | p°. q° y°)=y. Then
Ve (P.q,y) (16)
Vy (p.q.y)

Willing’s Lemma 5 (1978, p. 243) states that restriction (8) is equivalent
to

#¢ (P.q | p°.q°,y°) = -

#q(pvq) = - .Yp Xq {T,q’ﬂ(p.q) } dr. (17)

Let p=§. Then

Y

#(p.@) =~ § _ x4 {7,q,(5,q) }dr =~ f_ x,(z,q,y) dr.
? b

Note that since ¢ (p, q | p°, q°, y°) is defined as y, x{p, q, u(p, q)} is the
Marshallian private good demand. From Willig’s Lemma 2,

sl

Vi(p.q,v) V, (p.q.y)
— = (t.q,y)dr + ———T—
Vy(p,q.y) Ip *e ' DAy CE V, (D.q.y)

5 w

i

J xq(r,qy)dr+ S , Xq {T,q,#(ﬁ,q) } dr
»
% o
= § x(rqy)dr+§_ x,(7,q,y) dr
? P
?

§ xe(7.q.y) dr.
?

Note that in this case, the relevant upper price limit will be P, because
beyond P the complementary relationship between the two goods will be
changed and incremental consumer’s surplus will be decreased. The
efficiency condition will be

n V:I n 5 ) )
z =2 § xi(r,qy')dc=MC,.

i
i=1 Vs 1=1 ?

Note that the difference in individual i’s willingness-to-pay between the
altruistic and self-interested behavior will be
3 ) )
§_ xq (1,q,y") dr.
»
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whose sign depends on the values of p and P,

This approach can be developed in several ways. First, even in the case
of substitutes, the basic implications will not be changed. Once we can
analyze the substitutes case, this approach will be applicable to a wide
range of goods. Second, it is not necessary that one good be public and
another be private. Even though a good belongs to the private good
category, it is sometimes plausible to believe that we don’t know the
exact demand price (or willingness-to-pay) for that good. The approach
described in this section can also be applied to this case.

Let’s consider the substitute goods case. Assume that

Vo/Vy=0 at p=p, a(V,/V,)/aV,=0

Two goods, x and q, are assumed to be substitutes if x,<0.
Ps

q<q’

x(p.q".y)
x(p. q.y)

Figure 3

As we can see in figure 3, x,<0 at p>p, x,=0 at p=p and x,>0 at
P < P. With the same indirect utility functional form (10),

4 s _ / _
-5 qur=—j_Mdf = Mdf-
» » aq A%

Since V4, =0, we have

VogVy “Vp Vy ’ V
| ARE A4 I P rq
3 Vf, .f; v, dr

Vo (p,q.y)
V,(p,q.y)

1
Y Vo (paaby) -V, (Poq.y) ] =
¥
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Therefore willingness-to-pay will be

Ve
v,

¥4
= - §_ x4(1,q,y) dr.
?

Note that the substitutive relationship will be changed below p. The
threshold price P can be zero depending on the form of the private good
demand function. The efficiency condition will be

n V;

n p . .
> — = -2 §_ xi(r.q,y") dt = MC,
i=1 Vj =17

Up to now we have analyzed the implicatioins behind an indirect
utility function which satisfies two different sets of assumptions. According
to this analysis, what we have to do first is to construct an indirect utility
function which stisfies relevant assumptions. The next step is to calculate
the threshold price either from the indirect utility function or from the
private good demand function. The final step is to sum individual will-
ingnesses-to-pay and to equate this with the marginal cost of a public
good and to solve for the efficient level of the public good. However
enumerating these steps in this way is misleading. The major advantage
of the weak complementarity approach lies in the relatively small amount
of information we need to solve for the efficient level of a public good.
Once we can set up the direct (or indirect) utility function, we no longer
have to worry about the willingness-to-pay for the public good. The
essence of the weak complementarity approach is that what we need is a
private good demand function which is not independent of a public
good. With some restrictions on the private good demand (thus on the
implied indirect utility function), we can solve for the efficient level of a
public good. In this sense following proposition has an important role.

Proposition 4: If a private good demand function exhibits constant
income elasticity, then the indirect utility function has the form V (p, g
y)=1(y) + g(p, q), which satisfies assumption (2).®

Proof: Let 7 be income elasticity of the private good deamand. Then
9x(p.q.y) y
dy x(p.q.y)

= 7.

4) The relationship between assumption (2) and income elasticity of the private good demand is as
follows. The following three expressions are equivalent:
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From Varian (1978, p. 211), the private good demand can be written as

x(p,q,y) = x(p,q,y°) ( ;70)77 )
0(Ve/Vy) /8y=0 &> [ -(Vy/Vy) /(V,/Vy)]/By=0 (4-1)

o LV N)/x]ay=0.

Substituting Ug/U, for V¢/V, in expression (4-1) gives
U,/U
(/Y oy =0

= (UgyUy-U,U,y) x = U,U, (8x/ dy). (4-2)
Multiplying both sides of (4-2) with (y/x) gives
(UgyUy-UgUyy) y=U, U, (8x/3y) (y/x). (4-3)
Note that: (9 X/ @ y) (y/x) is the income elaticity of the private good demand. Therefore,
Mo _Usyy Uy Uy
7=, TG, v v, *"u, V- (4-1)

The term, -(U,,/U,)y, in expression (4-4) is the form of relative risk aversion. Rewriting expres
sion (4-4) gives
_ 0, vy ou, y

"%y U, 8y Uy ey

Note that the first term of the right-hand side expression is the income elasticity of the marginal
utility of public good and the second term is the income elasticity of the marginal utility of
income. Therefore if the second term depends on income, the income elasticity of private good
demand is not constant.

Now let’s go back to the indirect utility function expression. The second assumption is satisfied

if the indirect utility function has the following form:

Vipsg:y)= fly) + g(p.q) "4-5)
The income elasticity of the private good demand, 7, is
v:ﬁ_y_. = - a[gq(p,q)/ fy(y)] vy _ [_ g?(p,q) (4-6)
oy x oy x f,0(y) ]
_ fy,(y) - _ fu(y)
[ fy(y) ] fyly) v

Comparison of expression (4-4) which (4-6) shows that they are equivalent except for the first
term of the right-hand side of expression (4-4). This term vanishes in expression (4-6) due to the
form of indirect utility function specified in expression (4-5). Therefore the property of the income

elasticity of private good demand depends on the functional form of f(y). For example,
homothetic preferences give

[, ] =y fy(y) =1 = f(y) = Iny, =1,

<
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where y° is the base income. From Roy’s identity,

| . aV(p.q, .
x(pay’) F7 NMeay) _ _ aVipay)

y ay op
Now let’s claim that V(p,q,y)=f(y) + g(p. q) and check whether this claim
is ture:

7 £,(y) = - &lPd) (18)
x(p,q.y)

Expression (18) is satisfied for any non-negative y and p holding q fixed.
Note that the left-hand side term of (18) is a function of y and the right-
hand side is a function of p. Therefore each side must be equal to a con-
stant. Let both sides be equal to 1. Then from the left-hand side,

_— y
£0=(5)"® 7 21t =697 § v do.

Note that f(y)|,-o is equal to zero due to zero utility. And from the right-
hand side,

g+(p.q) = -x(p,q,y°) = glp,.q) = § x(7,q,y°) dr.
4

Note that g(p, q)|,-cois equal to zero due to zero utility. Therefore f(y) is
a function of y and g(p, q) is a function of p and q. The claim turns out
to be true.?

The significance of this proposition is due to that fact that we can not

5) Proposition 4 can also be proved in the following way. Let’s set aside the level of a public good,

q, for a moment. The required steps are as follows:

Step 1: If a demand function has constant incoem elasticity, then an implied utility function
has the form:

Vip.y) = g(p) + f(y),
which can find in Varian (1978, p. 229).

Step 2: If we include g as a parameter in step 1, then there are three possible indirect utility
functional forms:

glp,a) + f(y), g(p) + f(q,y), g(p.q) + f(q.y).

Step 3: In the presence of three possible forms, we can transform the latter two cases into the

first one, through a strictly increasing, differentiable transformation of V. This transformation

will generate the same demand function. For example, let

Vip.q,y) = glp) + f(q,y) = p*l +q %2 y*3,
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observe the marginal rate of substitution between q and y or equivalently
the willingness-to-pay for a public good. From proposition 4 we know
that the restriction on the private good demand function imposes a
restriction on the implied indirect utility function. Initially two
assumptions (8) and (9) were needed for analysis. So far a problem we
faced was that these restrictions were expressed in terms of a utility func-
tion. However by dint of proposition 4 and the relationship between
those restrictions, we escape this problems.

Now proposition 4 says if we have a constrant-income-elasticity
demand function, the implied indirect utility function obviously satisfies
restriction (8). And restrictions (8) and (9) together imply that the partial
derivative of the private good demand with respect to the level of the
public good is equal to zero at B, i.e., x,=0 at p=p. Therefore the
following sets of restrictions are equivalent:

9(Ve/Vy) /oy =10 7 is constant
2(Ve/Vy) /op=10 at p=f)} H {

Xg=0 at p=p.

Therefore what we need for analysis are a private good demand func-
tion with constant-income-elasticity and the value of p at which x,=0.
The key point once again is that for the analysis we do not need a
specific utility function which is unobservable but a private good demand
function which is estimable.®

Then, X=5f = -1 q "2 y' s,

With the transformation of V,

F(V) = F(p,q,y)=q %z V=p"1 q %z y*3
where F'(V) = q %2 >(0. Then

X = —& = —il_-al_l q

Therefore two functions V-and F yield the same demand function. That means, if we have a
demand function with constant income elasticity, we can assume an indirect utility function of

the form:

V(p,qa,y) = glp,q) + f(y).

6) There is an interesting paper by Morey (1984) concerning this issue. According to him, there are
two approaches to estimating demand equations. The one approach specifies an algebraic form
for the utility function. dervies the corresponding system of demand equations, and only then
uses data to estimate the coefficients in those demand equations. imposing an algebraic form on

the utility function with complete ignorance of data amounts unfortuantely to imposing a priori
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The following considerations are important before this approach can
be applied. First, finite threshold prices with two individual behaviors
(P,P) can be consistent with the properties of a well-behaved indirect
utility function once the implicit assumption that the upper limit of the
relevant price range with each individual behavior is a threshold price
itself is adopted. Second, if the private good demand function is hyper-
bolic, then two threshold prices will be infinite. In this case we don’t
need an individual behavioral assumption, because the upper limit of the
price will be infinite. Third, if the quantity of the private good demanded
is zero at a finite price, then that price will be upper limit in calculating
the amount of willingness-to-pay.

ITI. Summary and Suggested Further Work

An empirical analysis using this theoretical approach would be possible
once we can select two related goods. An example would be a housing
(private good) and the school quality (local public good). The demand
for housing contains the information on the valuation of the local public
good, education. Based on the analysis in section II, we can calculate a
threshold price at which the partial derivative of the private good demand
with respect to the level of a public good becomes zero. Behavioral assump-
tions (self-interested and altruistic) affect the level of a threshold price.

Once we construct the efficiency conditions for the public good, the
efficient level of the public good provision can be calculated. The effi-
ciency conditions are usually highly nonlinear, which results in a system
of non-linear simultaneous equations for each local community. After
calculating the efficient levels of the public good we can compare these
with the actual levels. We can also test whether the discrepancy between
the efficient and the actual levels of the public good is related to the
characteristics of the communities. The “optimal” property tax rates to
the communities with which the efficient levels of the public good are
provided can be derived.

resstrictions on the preference ordering. These a priori restrictions are embedded int he demand
equation. Since their imposition was not based on the data, the estimated demand equations are
not necessarily correct and the resulting ranking could be wrong. The other approach to
demand estimation specifies the algebraic form for the demand equations directly and then uses
the market data to estimate their coefficients. The algebraic form of the demand equations
determines the form of the utility function up to a monotonic transformation once the demand
equations satisfy the integrability condition (Hurwicz and Uzawa, 1971)-negative semidefinitness

of the substitution term matrices.
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Computation of the efficient level of a public good based on the
theoretical approach developed in this paper can be a reference point for
the local government as it attempts to determine the level of a public
good to provide, because this calculation is based on the preferences of
residents in a community. Moreover, based on the empirical findings,
with given expenditure levels, it may be possible for the local govern-
ments to provide the efficient levels of public goods by adjusting the mix
of expenditures among all (or some) public goods. For example, if a
community overspends on public education but underspends on other
local public goods, then the local government may provide the efficient
levels of all public goods by reallocating the expenditures.

References

1. Bradford D. and G. Hildebrandt, “Observable Preferences for Public Goods.” Journal of Public
Economacs, 1977, pp. 111-31.

2. Deacon, R., “Private Choice and Collective Outcomes: Evidence from Public Sector Demand
Analysis,” National Tax fournal, 30, 1977, pp. 371-86.

3. Deaton, A. and J. Muellbauer, Economics and Consumer Behavior, Cambridge University
Press, Cambridge, 1980.

4. Hanushek, E., The Demand for Local Public Service: An Explanatory Analysis. In Public Needs
and Private Behavior in Metropolitan Areas ed. John E. Jackson, Balinger Publishing Com-
pany, 1975, pp. 121-37.

5. Hildebrandt, G. and T. Tregarthen, “Observing Preference for Educational Quality: The Weak
Complemen.tarity Approach,” Scandinavian Journal of Economics, 81, 1979, pp. 168-97.

6. Hurwicz, L. and H. Uzawa, On the Integrability of Demand Functions. In Preferences, Utility,
and Demand, ed. John S. Chipman, et al., Harcourt Brace Jovanovich, 1971, pp. 114-48.

7. Morey, E., “Confuser Surplus,” American Economic Review, 74, 1984, pp. 163-73.

8. Oates, W., “The Effects of Property Taxes and Local Public Spending on Property Values: An
Empirical Study of Tax Capitalization and the Tiebout Hypothesis,” Journal of Political Economy,
77, 1969, pp. 957-71.

9. Varian, H., Microeconomic Analysis, W. W. Norton & Company, New York, 1978.

10. Willing, R., “Incremental Consumer's Surplus and Hedonic Price Adjustment,” Journal of
Economic Theory , 17, 1978, pp. 227-53.



