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Abstract

Governments typically use expenditures extensively as redistributive devices.
Examples include the public provision of health, education, welfare, and public
pensions. The purpose of this paper is to investigate the normative rationale
for such policies. In particular, we study the role of government expenditures
as purely redistributive devices given that the government also has available to
it an optimal non-linear income tax. We do so in the context of specific types
of quasi-private expenditures meant to represent education and pensions, both
of which could have been provided privately. We assume that public provision
to an individual cannot be related to individual characteristics or income, so
it is uniform across individuals. We derive a set of sufficient conditions for the
use of public expenditures in the presence of optimal taxes. The conditions
are similar to those which would make subsidies to private provision welfare-
improving. Subsidization and public provision appear to be substitute policies.
Which one would be preferable depends upon the global characteristics of the
economy.



THE USE OF PUBLIC EXPENDITURES FOR
DISTRIBUTIVE PURPOSES

by

Robin Boadway, Queen’s University
and
Maurice Marchand, CORE and IAG, Université Catholique de Louvain

I. Introduction

Governments pursue redistributive goals through a wide variety of instruments in-
cluding taxes, transfers and public expenditures. Much of the economic analysis of
redistribution has stressed the role of taxes and transfers in achieving equity objec-
tives, neglecting that of public expenditures. Yet, one of the lessons to be learned
from the optimal income tax literature is that there are limits to the amount of
redistribution that can be achieved by progressive taxation.! This is true even in
the absence of tax evasion which presumably limits the possibilities of redistribution
even further. It could be argued that governments recognize this and accomplish
much of their redistribution through the expenditure side of the budget. For ex-
ample, many countries provide public education, health services, unemployment
insurance, welfare services and pensions on a universal basis to their citizens. It
would be difficult to justify such massive public sector intervention solely on effi-
ciency grounds. If anything, the private sector may have an advantage over the
public sector at providing such services since many of them are essentially private
in nature, except to the extent that they generate externalities. But these public
services also have a sizable redistributive component to them, and it could be argued
that public provision is ultimately driven heavily by this redistribution. The purpose
of this paper is to investigate whether the use of government expenditures for redis-
tributive purposes alone can be justified when the government has also available to
it a general non-linear income tax, given that it cannot observe individual abilities
and so cannot impose lump-sum taxes and transfers. We do so in the context of
specific types of expenditures meant to be representative of education and pensions,
though other types of expenditures could be captured by our analysis as well.

The redistributive component of government expenditures has been recognized
in the literature. Two different strands exist — one in which the public expenditure
is a quasi-private good provided in equal amounts to all persons, the other in which
the expenditure can be earmarked to different persons. The seminal analysis of the
effects of uniform public provision was by Usher (1977). He considered a popula-
tion of persons who had identical tastes but differed by incomes. The government,
guided by a median voter voting rule, had to determine how much of a quasi-private
good to provide through the public sector on a uniform basis to all, financed by a
proportional tax. Given that the good in question was normal, the median voter
was the median income person, who, in turn had less than the mean income given

1 See Mirrlees (1971) and Roberts (1984).



the assumption that the exogenously-given income distribution was skewed toward
the lower end. The median voter outcome generated redistribution towards the
lower income persons, as well as generating a non-preferred level of output of the
quasi-private good for all but the median voter, and thus a deadweight loss.?

A similar model was used recently by Besley and Coate (1989) with some impor-
tant differences. One was that the quasi-private good being provided was defined to
be fixed in quantity, but not in quality. The public sector provided a uniform quality
of the good to all. This was less than the quality that the higher income persons
would have chosen. Another difference was that persons had the option to acquire
the good on their own at their preferred quality level. However, by the nature of the
good (e.g. health, education) they could only consume one type. Thus, there would
be some income level beyond which all persons would choose to substitute their own
quality for that provided by the government and forgo the freely available public
provision entirely. Besley and Coate investigate whether uniform provision by the
public sector would improve social welfare. They find that this is possible, but that
optimal public provision entails welfare costs. The quality provided exceeds that
which the low income persons prefer, but is less than that preferred by the high.
The high income persons would prefer to forgo the free public service and purchase
a higher quality on their own. In this way, redistribution is achieved, but at a cost.

In both Usher and Besley-Coate, the use of the tax system for redistribution
is assumed away. Given that individual incomes are exogenous and the redistri-
bution via expenditures generates some inefficiency, redistributive taxation would
seem to dominate expenditures as devices for redistribution. Besley and Coate rec-
ognize this, but are essentially analyzing a situation that exists in less developed
countries where redistributive taxation systems are not so well established because
of administrative reasons. They suggest that a case for public expenditures might
be made if labour supplies were variable, and if leisure and the public service were
not separable. This follows directly from an argument by Hylland and Zeckhauser
(1979) intended to provide a normative rationale for using government expenditures
for redistributive purposes.

The second strand of literature was initiated by Arrow (1971) who investigated
fully the normative characteristics of redistribution using targeted government ex-
penditures. Households are assumed to be distributed by a characteristic z and
to obtain utility U(z,y) where y is government expenditure and U,,U, > 0 and
Uyy < 0. Utility of income is abstracted from entirely (e.g., by separability). The
government can observe z and can provide a differing amount of expenditure y to
each person. It adopts a utilitarian social welfare function so that optimal policy is
characterized by equalizing U, across all persons. Arrow studies whether optimal

2 The Usher analysis was applied in a fiscal federalism context by Wilson and Katz (1983) who
used it to justify why certain types of public expenditures were initiated first at the lower
level of government. The argument was based on differing patterns of income distribution at
the state level compared with the national level.
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policy is input-progressive (dy/dz < 0), or not.> He also defines output-progressive
policy as one which results in dU/dz < 0, and vice versa, and studies conditions for
output progressivity and regressivity. He suggests that education is characterized by
a correlation of ability z with the securing of benefits from expenditures at the mar-
gin and in total.* This yields output regressivity. However, health expenditures are
the opposite. Here z is the state of health, and expenditures will be less productive
of increased utility for a healthier individual® so output progressivity is optimal.

As mentioned, Arrow assumes implicitly that ability or health status is ob-
servable so that the optimal expenditure policy can be implemented. Given this
assumption, tax policy would dominate expenditure policy. That is, if the gov-
ernment could use the information at its disposal to make income transfers among
households, it should do so and allow households to purchase whatever quantities of
goods y they desired. In that sense, Arrow does not establish the normative basis
for using expenditures for redistributive purposes. Instead, he assumes it.%

Our purpose is to investigate whether the use of expenditure policies can be
justified on redistributive grounds. We do so in the context of a model in which
public expenditures have similar properties to those in Arrow, but, in the spirit of
the optimal income tax literature, the government does not have full information
about individual characteristics. We allow the government to implement the optimal
income tax in the sense of Mirrlees (1971), and ask whether social welfare could
be improved by instituting universal provision of some service by the government.
Given our assumption of non-observability of individual characteristics, government
expenditures must be provided in the same amount for all. Two prototypical types
of government expenditures are considered, both of which are quasi-private goods.”
The first, which might correspond with education, allows the good to interact with
ability and affect the wage rate received by the household. The second is simply the
public provision of a quasi-private good which enters the utility function directly and
cannot be resold. Examples of this might include public pensions and health care.

3 It will be input-progressive iff U, zy < 0, and vice versa.

4 That is, Vyz < 0, where V(u, Z) is the inverse of U(z,y).

5 .., one for which Vi,; > 0.

Bruno (1976) has extended Arrow’s analysis by allowing public expenditures to be financed
by a progressive income tax. However, the source of variability in income is government
expenditure itself rather than variable factor supplies. Furthermore, though the government
can observe & for the purposes of selecting government expenditures on each household, the
option of allowing the tax to depend directly on I is not considered. If so, progressive taxation
combined with private purchase of ¥ would dominate public provision. Besley (1989) has also
used the Arrow model to investigate whether user charges should be implemented for the
publically-provided public good. As with Bruno, he assumes that, although the government
has enough information to implement the optimal provision of ¥ to each household, it cannot
charge taxes differentially by household. Instead it implements optimal linear commodity
taxes and a common user charge on y. However, since households cannot vary ¥, the user
charge plays no allocative role.

7 These were also the two examples used by Arrow.
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In the former case, the good provided by the government is future consumption.
The latter case it is health care. In each case, households are allowed to supplement
public expenditures with their own private provision.

In the optimal income tax problem underlying our analysis, we consider a finite
number of household types, following Stiglitz (1982), Guesnerie and Seade (1982)
and Stern (1982). In these models, the self-selection constraint restricts the amount
of redistribution that can be achieved. Government expenditures will be social-
welfare-improving to the extent that they serve to relax the self-selection constraint.
Our analysis will be aimed at determining when that is possible. We also consider
whether an alternative instrument, subsidies for private provision, should be used
in addition to, or instead of, public provision. The spirit of the analysis is similar
to that of Blackorby and Donaldson (1988) who investigated public provision in a
slightly different context. They considered the case for in-kind provision of public
services in an example of a two-person economy in which the persons had differing
tastes (needs) for the good provided. Public provision screened those who needed the
good most and thereby provided a form of redistribution which could not be achieved
by cash transfers. More generally, Guesnerie and Roberts (1984) have argued the
case for quantitative restrictions (rationing) as policy devices in a second-best world
of imperfect information with optimal taxes. They applied the principle to the case
of minimum wages in Guesnerie and Roberts (1987). Our analysis, as well as that of
Blackorby and Donaldson, could also be taken to be applications of that principle.

The interaction of optimal income taxation and education decisions has been
analyzed in models similar to ours by Hare and Ulph (1979) and Tuomala (1990).
As Arrow did, Hare and Ulph assume that ability to benefit from education can be
observed by the government for the purposes of allocating education expenditures
among households. However, this same information cannot be used for determining
taxes. Their purpose is to examine whether introducing optimal income taxation in
Arrow’s model makes public provision of education less input- and output-regressive.
In the present paper, we depart from Hare and Ulph’s asymmetric treatment of infor-
mation available to the government by assuming that public provision of education
cannot be related to an individual’s ability or income. In a sense this stacks the deck
against the use of public expenditures as redistributive devices and thus strengthens
our results. Tuomala focusses on the other side of the coin, that is, how education
choices affect the progressivity of the optimal income tax. As in our analysis, one of
his models considers the optimal choice of a uniform provision of public education,
but he does not look for the circumstances which makes public provision desirable
in the first place. Nor does he allow for the possibility of private expenditures as
a supplement to public provision. This prevents him from being able to consider
simultaneously a subsidy on those expenditures.

The analysis of optimal taxation in our context requires a modified version of
the self-selection approach as presented by Stiglitz. The following section sets up
the basic self-selection model used for the education case. Then, public expenditure
and subsidy policies are analyzed given that taxes are set optimally. The analysis is
then applied to the other type of expenditures. Throughout, a two-person economy
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is used since the principles can be analyzed most clearly in that context.

I1. The Self-Selection Model of Public Expenditures and Optimal Income
Taxation: The Case of Education

The analysis will be conducted using the standard optimal income tax assumptions
as devised by Mirrlees. Persons will have identical utility functions u(z;, ;) where
z; is consumption and /; is labour supplied by household i for ¢ = 1,2. Households
differ only in their exogenously-given ability with 2 being the high-ability person.
In the standard optimal income tax problem, ability is normalized to equal the
wage rate. Here, we make the wage rate for a person of given ability endogenous
and dependent on education expenditures, with the high-ability person getting a
higher wage from given education expenditures than a low-ability person.. Let z;
be education expenditures made privately by household i and let g be education
expenditures provided uniformly by the public sector, where g, z; > 0. Note that we
allow households to supplement public with private provision. For example, public
provision could be associated with mandatory schooling and private provision with
further education. As mentioned, the government is unable to observe ability, so
public education expenditures cannot be conditional on ability. Also, we assume
that they cannot be conditional on incomes either, which the public sector can
observe. For example, the planner may have to commit to such expenditures before
knowing the incomes that will be produced. We assume there is a wage function for
each person given by w;(g + 2;) where w! > 0. A different wage function applies for
persons of different ability such that wy(g + 2;) > w1(g + 2;). Other relationships
between the wage functions of high and low ability persons are critical to the case
for using public expenditures for redistributive purposes, so we leave the possibilities
until discussing our results. The production technology is linear, and units of labour
are normalized such that w; equals the wage rate.

If the government could observe abilities, it would be possible to reach any point
on the utility frontier through appropriate lump-sum transfers. Private education
expenditures would be first best and there would be no reason for the government
to provide public education. However, we adopt the standard assumption that
the government cannot observe abilities, wage rates or labour supplies directly, but
can observe total labour incomes. Consequently, they choose an income tax function
I'(w;l;), which can take any general shape. It turns out to be useful for our purposes
to linearize the income tax schedule for each household at the equilibrium point
by defining a virtual budget constraint.® Thus, we define after-tax virtual income
for the household to be 7;w;l; — T; where 7; is one minus the marginal tax rate
and T; is the lump-sum component. The virtual tax parameters 7; and T; are
defined implicitly with respect to the preferences of the household as in Stiglitz
(1982). As he points out, optimal marginal tax rates are likely to be discontinuous
so these tax parameters are virtual only. Because the income tax schedule is non-

8 The procedure is analogous to that used in the empirical labour supply literature. See, for
example, Hausman (1985).



linear, they can vary across households. Those parameters together with public
education expenditures are chosen by the government. As in Stiglitz, it is inefficient
to have a pooling equilibrium in which the two types of individuals have the same
labour incomes. Instead, the government uses its policy instruments to implement
a separating equilibrium. The equilibrium must satisfy an appropriate self-selection
constraint. Before introducing it, we derive some properties of household indirect
utility functions that are used elsewhere.

The household budget constraint is:

zi + zi = rywil; — T;.
The problem of the household can be written as:

Max

I u [T,-w;(g + Z,‘)l,‘ -T; - 2,‘,1.‘] (1)
i %4

where the budget constraint has been substituted directly into the utility function.

The first-order conditions may be written:

a;Tiw; + uf =0
(2)
witl; <1;  z(wirili—1)=0

where a; = u} is the marginal utility of income for household i. The solution to
the household utility maximization problem yields supply-of-labour and demand-
for-education functions l;(7;, T}, g) and 2;(7;, T;,g) which, when substituted into the
utility function, give the indirect utility function v¥(r;,T;,g). Using the envelope
theorem, we obtain:

i__
vy, = a;w;l;,

vy = —o. (3)

vy = a;w(Til;.

For the purposes of analysis, we proceed in two steps. In the first step, the
planner chooses an income tax schedule optimally, given the level of government
expenditures per person g. The second step involves evaluating changes in g with
taxes set optimally. For the optimal income tax problem, the planner chooses 7;
and T; for ¢ = 1,2 to maximize a social welfare function subject to a self-selection
constraint. In our analysis we use a utilitarian social welfare function, though any
quasi-concave social welfare function would do. The self-selection constraint ef-
fectively rules out the high income person mimicking the income of the low income
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person.® It is important to note that while household 2 mimics household 1’s income,
labour supply and educational expenditures will differ for the two households. The
mimicking problem for household 2 is:

Max

wn ll
22

wa(g + 22)
where 2; is household 2’s private educational expenditures and wq/; is taken as given

by (2). A “bar” will always refer to variables when 2 is mimicking 1’s income. Note
that I, = wyly/W,. The first order condition for this problem is:

U [‘rl'wlll - T1 - 272,

uf

, 7 (s 8

ag + w—z’w;lg > 0; re) (ag + %’w;lz) = 0. (4)
The solution to this problem gives the indirect utility function o(my,Ty,g,wilhh),
where wyl; itself is a function of government policy variables. From the envelope

theorem,

=2
Vr =02 (wlll +n _3(w111)) + 4 0(wih)

on wy On
= - a(wlll) ﬁ_,za(wlll)
o = ay (1'1 —aTl - 1) + By _—6Tl (5)

d(wnl a2 (8(wily) -
Tg = G <7'1 —(%;L)> + ;f)—’z (————(';; 1) _ zzm;) :

Suppose there are n; persons of type i. The planner’s problem is to maximize
the sum of utilities subject to the self-selection constraint v?(r2, T2, g) > %(m1,T1,9)
and a government revenue constraint. Assuming that the only revenue requirement
is to finance g, the Lagrangian expression may be written:

Q(Ti’Ti’l‘,7;g) = nlvl(TI,Thg) + nZUz(TZ’TZ’g) + 1] [’Uz(Tz, TZ’g) ._ 'E(Tth’g)]

+7[n1 (1 = m)wily + T1 — ) + 72 (1 — 72)waly + T — g)] (6)

where w;l; is a function of 7;, T; and g. The first order conditions are:

O(wql a2 O(wql
maywly —p [C—lz (w111 +’T1(aw—;ll)) + g_;(alell)]

9 Stiglitz (1982) analyzes the efficiency of optimal income taxes and allows the self-selection

constraint to apply to either individual depending on the circumstances. Since we are con-
sidering the case in which the planner wants to redistribute from the high to the low income
person, applying the self-selection constraint to the high income person is appropriate. The
low income person would never choose to mimic the high. This is what Stiglitz refers to as
the “normal” case.



+ymq [—wlll +(1- Tl)%llﬁ] =0 (m1)

72
—nio;] — WY [&2 (TIM - 1) + 1‘_‘_6(10111)]

aTl Wa 6Tl
a(wlll) ]
1- )22 gl 29 T
#ym (- m)2le) (1)
O(wsl
(n2 + p)agwsly + yn, [-w212 +(1- 1'2)—(;0-:22-2)] =0 (12)

a('U)zlg)

—(n2 + p)az + yn, [(1 —T)

These conditions can be simplified considerably and rewritten in a way which
will prove useful below. Combining the equations for 7, and T3, we obtain,?
1-m=0. (7)
This is the usual optimal income tax result that the marginal tax rate on the highest
wage person is zero. Using (7), the condition on T reduces to:
Tn2 — (n2 + p)az = 0. (8)

From the conditions on 7; and T} we obtain:1!

=2
7n1(1—T1)=H(072T1+1f—') . 9)
Wy

Since the multipliers # and 7 are both positive, this implies that the marginal tax
rate (1 — 7) has the same sign as the derivative of 42 with respect to wyly (that is,
the expression in parentheses on the right-hand side of (9)). This is quite intuitive.
Take the case where the derivative is positive. An income-compensated increase in
the tax rate 1 — 7; then weakens the incentive-compatibility constraint because it

10 Multiplying (T,) by wsly and adding to Ty yields:

— 1) [202h2) o(wslr)| _
(1 Tg)[ 67_2 +w212 6T2 =0

where the expression in brackets is the income-compensated effect on labour income of a
change in 7. It normally differs from zero.
11 Multiplying (T1) by wqly and adding to (71) gives:

—rv—uls a \] [2(wit) O(wih)] _
[’)’nl(l 1) ll(am-i-u_)z)][ o + wily T, =0.



reduces w;l; and so makes worse off household 2 mimicking household 1. Therefore,
it is optimal in this case to have a positive tax rate. It can be shown!? that the
derivative of 42 is positive if z is a normal good and if Z, > 2;. The latter will be
satisfied, for example, if Z; and z, are both crowded out by g (2; = z; = 0). Those
are only sufficient conditions.!® Using (9), the condition on T} reduces to:

’n]_(‘)' —_— al) + pay = 0. (10)

Consider now the welfare effects of changing g while maintaining taxes at their
optimal values (and therefore satisfying (7)-(10)). Differentiating the Lagrangian
expression (6) (partially, because of the envelope theorem) with respect to g and
using (7)-(10) gives:

dQ s
E = nyay (mwily — 1)+ (ng + p)ag (whly — 1) 4 p (&2 + Z—;w;lz) . (11)

From this we can readily infer the circumstances in which increases in g will be
welfare-improving. Note first that, from the first order conditions for the households,
if z1,22,2, > 0, dQ/dg = 0. In this case, the change in g is inframarginal to
everyone and is equivalent to an equal lump sum transfer. Thus, the effect of g can
be replicated by the tax system so g is redundant. However, as g increases, private
provision z; falls and eventually z; will fall to zero. Different persons will become
crowded out at different levels of g and, depending on the order of crowding out,
the welfare consequences will differ.

To see this, note that when persons 1 and 2 become crowded out, the first
two terms in (11) change from zero to becoming negative by (2). When 2 gets
crowded out when mimicking 1 (%, = 0), the last term in (11) becomes positive
rather than zero by (4). Denote by g1, g2, g2 the levels of g at which persons 1 and
2 and mimicking person 2 just become fully crowded out by public provision. Then
the following result is apparent:

12 proof: Suppose first that Z2 = 21. Since household 2 when mimicking household 1 supplies

less labour but consumes the same amount as household 1,
u oy

< —— =7nw
Qa2 aq

=2
assuming T is a normal good. Therefore, Q3T + 5‘1- > 0. Since Wy > w;, this implies

that aom + %‘z > 0. In other words, the derivative of %2 with respect to wqlq is positive.
Now take the case where Z; > 2. This will decrease the value of —-ﬁ? / 0 (because of the
quasi-concavity of the utility function) and increase that of W3. Both these changes will keep
the inequality satisfied.

13 In a model similar to ours, Tuomala (1990) also obtains the result that the sign of the marginal

tax rate is ambiguous.



Proposition 1. If g, < g1, g2, then public spending will be welfare-improving up
to some amount strictly above g = min(gy, g2).

The intuition behind this result is as follows. Increasing g beyond the point at
which person 1 or person 2 gets crowded out simply makes those persons worse off
by constraining their choice, and thus reduces social welfare. However, pushing g
beyond the point at which 2, is crowded out makes the mimicking person worse off
and therefore relaxes the self-selection constraint. If the latter occurs before persons
1 and 2 are crowded out, a gain in social welfare can be achieved.

We can derive the conditions under which the mimicking person gets crowded
out before either person 1 or person 2. First, §, will be less than g, if z is a
normal good.! The real issue, however, is whether g, is greater or less than g;. The
following result can be proven: if z is a normal good, g» < g1 if €1(g2) > €2(g2)
where ¢; is the elasticity of the wage function.l® Therefore, we obtain:

Proposition 2. If ¢; > €, and if z is a normal good, then public spending will
be welfare-improving up to some amount strictly above g = min(gy, g2).

14 proof: Suppose the mimicking person is just crowded out so § = §. Accordingly, 2 = 0

—a? @
and (4) is satisfied with equality, i.e., -3"2-‘—%5—2 = 1. We shall prove by contradiction that
if & is a normal good, 22 > (. Let us suppose that household 2’s optimum is such that
23 = 0. Then, wjly < 1, or

_8 Wil

!
wala < Qz wWr

Since Z3 = 2z = (), we have Wy = w9 and ’lT)é = ’wé. Also for the incentive-compatibility
constraint we must have waly > w;l;, which implies Iy > 1y since wyly = Wyly. Therefore,
the above inequality implies wy < —17,,2 /@2, or

i uf
a3 a3

which contradicts the hypothesis that Z is a normal good.
15 Proof: Asin the previous footnote, suppose the mimicking person is just crowded out (¢ =
g2). We show by contradiction that under the stated hypotheses, 2; > 0. Suppose that

z1 = 0, which implies that Tywjl; < 1. Using the first order conditions on /1, we obtain:

1 -

u us whl
Lwlh<1=—L22 2
a1un Qg W

We know that 1—2 < [j, and we have by hypothesis that €1 > €3. Therefore, the above
inequality implies

which cannot be satisfied if Z is a normal good.
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Once either 1 or 2 gets crowded out, further increases in g will have conflicting
effects. Increases in g will continue to weaken the self-selection constraint thereby
improving welfare (the third term in (11)), but it will worsen welfare as 1 or 2
is forced to consume more education than is desired. The optimal level of public
education is that which equates these two effects at the margin.

ITI. Subsidizing Education

The optimal income tax allows only for taxing households. It is well-known that in a
multi-commodity world it may be desirable to tax commodities differentially as well.
In this context, a subsidy (tax) on education is like differential commodity taxation,
although education enters only indirectly into the utility function through the wage
function. In this section we investigate the case for subsidizing the purchase of
private education as an alternative policy instrument, again assuming that optimal
income taxation is in place. The analysis is done first for a given level of government
expenditures g, and then the effect of changing g is considered given that the size
of the subsidy has been chosen optimally.

Let the subsidy rate be 1 — o per unit of education purchased. Then, the
consumer price of education is . The problem of household i becomes:

Max u [T,-w,-(g + Z,')l,‘ -T; - 0'2,',1,'] . (l.s)

li’ H
The first-order conditions may be written:
o;Tiw; + u; =0
(2.5)
witl; <o zi(winil; — o) =0.
This gives the indirect utility function v(r;, T;, 0, g). Using the envelope theorem,

we obtain equations (3) as before plus:

v = —a;z;. (3.5)

The mimicking problem for household 2 is:

Max
V)

w111
wa(g + 23)
where w1y is taken as given by 2. The first order condition for this problem is:

u [lelll - T1 — 02y,

N ey . (_ uf -,-)
a0 + —wWhly 2 0; Z | ago + ——wyly ) = 0. (4.9)
wo w2
The solution to this problem gives the indirect utility function o(7y,Th,0,g,wil1),
where wyl; itself is a function of government policy variables. From the envelope
theorem, we obtain the same expressions for ¥,, o7 and %, as in (5) as well as:
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d(wyl 2 9wyl
Ty = @y (n% ~ zz) t o (';; 1) (5.)

Taking account of the revenue needed to finance the subsidy, the Lagrangian
expression for the planner’s‘ problem may now be written:

Q(TiaTi’ ﬂv‘”asg) = nlvl(TI’Tlaa’g) + n2v2(‘r2,T2s Uag) +p [02(7—27T2r g, g)

-%(11,T1,0,9)]+ [ (1 - m)wih + T1 — (1 - 0)z1 — g) (6.5)
+n2 (1 —m)wels + T2 — (1 - 0)z — g)]

where w;l; is now a function of 7;, T}, o and g.

The first order conditions on the tax parameters are:

O(wil u} d(w;l
njaywily — p [5:2 (wlll + rlL;:l—l)) + i__’;_(_ti’l_l)

61'1
+ym [—-wlll +(1- rl)a—(;D:Tll) (1- )az1 =0 (11.8)
N0 — U [&2 (Tl —3((;0111111) - 1) - 3(;0111111)]
. [(1 )B(wlll) 1-(1- )621] —0 (Ty.s)
(n2 + p)agwals + yny [—w212 +(1- Tz)_a(;v::g) (1- )g:;] =0 (72.8)
—(ng + p)ag + yn, [( - )3(102!2) +1-(1- )g;z] =0. (T,.s)

Combining (73.s) and (T3.s) we obtain:

_ a('lU2lg) a(‘wglz)] _ _ [aﬁ 322] _
(1-m) [——3T2 +w212—6T2 (1-o0) 3t wilam| =0, (12)

This yields (7) and (8) as before when o0 = 1. When o # 1, the marginal tax rate
on the highest income person is no longer zero. However, for our purposes we are
not interested in the particular properties of the optimal tax system. Similarly,
combining (7;.s) and (T3;.s), we obtain:
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[7”1(1—7'1) 7 (027' + = )] [3(;:111) +w1116(;u_111111)]

3 )
—yny(1 - 0) [a—‘: + wyly 6;11 =0. (13)

This gives (9) and (10) when o = 1 as before.

Consider now the optimal size of the subsidy on private education, given g.
Differentiating (6.s) with respect to o yields:

4o g (r 2h) _ o 8 O(wih)
1o = “meiz - (n2 + p)azzy — p [a2 (1‘1 (1;;'1) - 22) + :lfi_lz (1(;(171)]

. [nl ((1 o )6(101’1) —(1- )321) (14)

g ((1— rz)a(‘;:’” —a- )322)] .

The optimal level of o, given g, is obtained by setting (14) to zero. Eliminating oy
and oy by (T3.s) and (T3.s) and then using (12) and (13), this expression can be
simplified to yield:

~ -1
) dQ = (= le dwlll dwlll dﬁ
do Haz(% = 21) +7(1- 0) {n1 |:d1' do ( dn do

-\ -1
d22 dw212 dw212 dfz
+na [de do dry T do (15)
where we use the tilde to identify income-compensated effects. Since the cross effects
dz /dr; and dw;l;/do are equal and so of the same sign, the expression in braces is

positive. Setting (15) equal to zero, we conclude that at the optimum 1 — o is of
opposite sign to z; — z;. From this we immediately obtain the following result:

Proposition 3. For given g, 0 >,=,<1as 2 >,=,< z.

It can be shown that 2z, < z if €1(g9 + Z2) > €2(9 + %) and z is a normal good.®
Thus, the same circumstances which make g welfare-improving also make a subsidy
welfare-improving.

16 This can be proved along the same lines as the previous footnote. With minor modifications,
(0 now appears in the formulae and 79 is different from 1), the proofs in the previous two
footnotes carry over to the present case with the same sufficient conditions.
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Proposition 3 is actually quite intuitive. Focussing on (15) first at o = 1, the
substitution of an increment in o for T} and T can be done so as to leave persons
1 and 2 with the same level of utility (as long as 21,23 > 0). Thus, T; would have
to decrease by z;do to ensure that there was no net income effect on person i.!7
However, for the mimicking person, a change in o accompanied by dT7 = zdo
would have an income effect of (—2; + Z;)do, the latter term being the revenue paid
on 2Z; due to the increment in o. This income effect on the mimicking person is
evaluated at @; by the mimicking person, and increments of the mimicking person’s
utility are evaluated at p by the planner thus leading to (15). As soon as we move
o away from 1, we need to account for the distortion effect on private education
decisions. This appears in the second term of (15). Notice that if g is set so as to

crowd out both 2y and Z;, a subsidy or tax on education should not be used.

Next we want to know how the optimal values of ¢ and o interact so as to
know what combination of the two should be used. Consider the welfare effect of
changes in g given that o is being set optimally. Suppose first that g is set such that
21,22 > 0. Then differentiating eq. (6.s) with respect to g and using the optimal
tax conditions (T}.s), (71.), (T2.s) and (7;.8), we obtain:18

dQ a? -
a0 W [&20 + %{;u’z{,lz] — (1= 0o)y(n1 + n2). (16)

For z; > 0, the first term is zero and, assuming 2, < z;, the second term is negative.
Again, this is quite intuitive. The increase in g will have only an inframarginal effect.
An increase in g of one “dollar” crowds out one dollar of 2; and the lump-sum tax
T; can be reduced by o(< 1) dollars and still keep utility constant for person i.
Thus an increase in g of one dollar to each person would cause government revenue
to change by —(1 — o)(n1 + ng) which has a social value of v per dollar. Once g
increases by enough to crowd out Z; entirely, the first term becomes positive.

To fix ideas, we shall concentrate on the case in which g, < ¢g; < g2. A sufficient
condition for g; < g, can be shown to be:1?

17 Ato = 1, the distortion effect is of the second order so can be neglected.

18 We have also used the fact that as long as z; > 0, changes in ¢ are inframarginal and have
in all respects the same effect on household % as a lump-sum subsidy. In particular, dg has
the same effect on utility as —odT;. Therefore,

6(11),'1.') _ 6(w,~l.-)@ _ __O_a(w.'l.')
ag - OT. 6g - 6T. )

19 Suppose that g just crowds out 27 (¢ = g2), which means that Tg’wé (gg )lz = 0. We show

by contradiction that under the stated hypothesis, 2; > 0. Thus, suppose that z; = 0.
Therefore, Tl’wi(gg)ll = 0, and we have Tl’wi(gg)ll > Tzwé(gz)lg, or € (gz)‘rlwlll >
€ (gg)T2 waly, which contradicts the hypothesis.
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€(g2) . mwily
€1(g2) = mwsly

This is not too restrictive given that for incentive compatibility it is required that
Towsly > myw;l; .20 Figure 1 depicts for this case a typical pattern of social welfare
as g is changed, assuming that the taxes and education subsidy are set optimally.
As long as g is kept below g;, the slope of the curve is given by (16). Note that
it is negative at g = g, (since the first term is still zero while o < 1 according to
Proposition 3), and positive at g = g; (where o becomes equal to 1.) Beyond g = g1,
the slope of the curve is provided by expression (11), and a local maximum of o
is reached where its first two (negative) terms just equal the third (positive) one.
The figure is drawn showing two local optima, one in which education is subsidized
(¢ < 1) and there is no public provision (g = 0), and the other in which there is
public provision (g > 0) and no subsidy (¢ = 1). Thus, here public provision and
subsidization of education are alternative policy instruments. Which one is optimal
requires a global comparison. This is summarized in the following proposition.2!

Proposition 4. If g < g1 < g2, and if income taxes are set optimally, there are
at least two locally optimal education policies which can be globally optimal:
i.g>2grando=1
ii.o<land g=0.

IV. The Case of Pensions

In the case of education, public spending entered indirectly into the utility function
through the wage function. In this section we consider the simpler case of the public
spending being on a private good which enters directly into the utility function.
Given that the public sector will be providing what is essentially a private good
to the households in the economy, it is critical that the good in question cannot
be resold. Otherwise, it would be equivalent to providing a lump-sum transfer to
all households.?? This case, which is similar to that analyzed by Usher (1977) and
Besley and Coate (1989), is somewhat simpler and also more familiar since it is
related to the problem of optimal taxation in a multi-commodity world. Persons

20 A sufficient condition for g1 > G2 was shown above to be €3(g2) /€1 (g1) < 1. Assuming,
e.g., constant elasticities, it means that there is a range of elasticities which satisfy both

sufficient conditions: !
T1w16 €2
—< =<1
nwaly €

Furthermore, those are sufficient but not necessary conditions.
21 Technically, we cannot rule out the possibility of there being another local optimum between
g2 and g1 with 0 < 1 and ¢ > 0. We have been unable to determine a set of conditions
which would characterize this possibility so we have left it out of Proposition 4. Furthermore,
there may also be multiple local optima beyond g; where 0 = 1 and g > ¢;.
2 Blackorby and Donaldson (1988) have avoided this problem be assuming that the good is

only demanded by one of the two types of persons in the economy.
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differ only by an ability parameter normalized to equal the wage rate. We use
the example of public pensions for this case, where the good provided is future
consumption. The pension is assumed to be fully funded so as to concentrate on
intra-generational redistribution and thereby avoid the dynamic complications that
arise from intergenerational redistribution. Other interpretations of the publicly-
provided good are possible however. For example, the case of health care could be
analyzed as a private consumption good. In this case we might want to modify
the analysis to allow persons to vary not only by an ability parameter but also
by a second characteristic, health status. While ability is not observable, health
status is, so differing amounts of health care can be provided to persons of different
health status, independent of ability (wage rate). The analysis for this case is
a straightforward extension of the pension case, except that a different amount
of public spending is provided to each health class. Similar conditions for public
provision to each class to be welfare-improving will apply in this case. Also, the
optimal income tax rates will vary by health status.??

The household is assumed to consume two goods, = and z, and to supply labour,
l. Good z can be thought of as present consumption and z as future consumption.
The government may also supply an amount g of future consumption uniformly to
all persons and finance it by an optimal income tax. The budget constraint of a
household of type i is:

z; + zi = rywil; — T,

where the wage rate is exogenous and w; > w;. Again, we assume fixed producer
prices and normalize quantities so that prices of consumer goods are unity. Given
the value of g the problem of the household can be written:

Max

l;, 2 u [Ti'wili -Ti— 2,9+ Zi,li] .

The first order conditions are:
o;T;w; + u; =0
(17)
—oi+ul <0; z[-a; +ui] =0.

This problem yields the indirect utility function v(7;,T;, g). Applying the envelope
theorem to the indirect utility function we obtain:

i — sl
v} = a;w;l;,

vh = —0. (18)

23 The case for an optimal linear income tax whose parameters vary with health status was
made by Blomqvist and Horn (1984).
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The problem for household 2 when mimicking the income of household 1 is:

Max _ _ wh
_ uw|nwlh -T - 2,9+ Z,—| .
22 w2

The first-order conditions for this problem are:
—ay + 42 <0; 7 (-a;+al)=0. (19)

This yields an indirect utility function #(m, T}, g). From the envelope theorem,

al ol
Vr = Q2 (w111 + Tl'wl-é;ll-) + 1-1,‘221._1_

woy 61-1
_ ol _,wy O
V7 = Q9 (Tl’wla—z};—l) +u,2w—:ﬁ (20)
= _ = 6!1 _9 _9 Wy 6!1
Vg = aaTiwy 39 + 4y + U w; D9 .

The planner maximizes total utility subject to a self-selection constraint and a
revenue constraint. The Lagrangian expression is identical to (6) for the education
case. The first order conditions are the same as (1), (T1), (2) and (T3) with the
exception that w; and w, are parametric here. Equations (7)-(10) characterizing
the optimal tax structure apply here as well. Differentiating (6) with respect to g
using (20) gives:

d
S = (u =)y (a2 =) (42— 82)

ol
+ (yr1(1 = m)wy + yn2(1 — T)wy — p(@mwy + ufwy /ws)) 5;1

Using (7)-(10), this reduces to:

dQ2
=™ (uz — @1) + (ng + p) (v2 — @) + p (a2 — 32). (21)

The first two terms are < 0 by (17), being equal to zero if private expenditures
on z are positive. On the other hand, the last term is > 0 by (19), being zero for
Z2 > 0. Again defining g; as the level of g which just crowds out person i’s spending
on z;, the following result is apparent from (21):

Proposition 5. If g3 < g1, g2, then public spending will be welfare-improving at
least until g = min(g;, g2).
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The question then become when will the mimicking person become crowded out
before either persons 1 or 2. The following result can be demonstrated:24

A necessary and sufficient condition for g, < g, is that leisure and z be substi-
tute goods. This is also a sufficient condition for g, < g,.

Thus we conclude with the following Proposition.

Proposition 6. A sufficient condition for public provision up to at least g =
min(g1, g2) to be welfare-improving is that leisure and z be substitutes.

Next, consider the use of a subsidy on private purchases of z as an alternative
policy instrument. The analysis is almost the same as for the case of subsidizing
education. If the subsidy rate is 1 — o as before, the problem of household i becomes:

Max

Loz [iwdi — Ti — 02,9 + 2, 1]

The first-order conditions may be written:
a;Tiw; + u; =0

—aio+ul <0; 2 (—aio +ul) =0.

24 The proof of this is as follows. Set g equal to §3. At this point, Z = 0 and from (19),

2
—as + ’EZ =0,0r 22 = 1. Now, suppose that person 1 is constrained to have 21 = 0.

Gy
1
From the envelope theorem, % =-a; + ul This will be positive at 27 = 0 if
ul(z1,G2,11) w%(z1,2,15)
2\Z1,92,4 — Yz\T1,92,02
a1(z1,92,h) ax(z1,92,12)

Since [; > l_z, this will be satisfied if and only if:

ol
i’ [:] >0
al; ’

that is, if [ and z are complements, i.e., if leisure and 2 are substitutesi Similarly, for person
2 set and 23 = 0. The effect on utility from increasing 23 will be %;’—2 = —-ag + ui This
will be positive at 29 = 0 if

ul(z3,92,12) _ ﬂZ(zl,gz,Zz)
az(z2,92,12) az(z1,52,12)

Since Iy > 1_2 and T2 > I, this will also be satisfied if [ is complementary with 2 since
both the higher value of /5 and the higher value of 2 (for a given value of g) will tend to
increase the value of the left-hand side. (Note that substitutability is not necessary here.)
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This gives the indirect utility function v¥(7;, T}, 0,g). Using the envelope theorem,
we obtain equations (18) as before plus equation (3.s).

The mimicking problem for household 2 is:

Max _ _ wily
- ulnwh-T1—o0%,9+ 2, —
22 ] w2

where w;l; is taken as given. The first order condition for this problem is:
—ai0+ 8, <0; 2 (-aio+l)=0.

The solution to this problem gives the indirect utility function %(m, Ty, 0,g). From
the envelope theorem, we obtain the same expressions for 7., o7 and o, as in (20)
as well as equation (5.s) for %,. Since w; is exogenous here, it may be written:

_ 1 _o W al
Vo = Q2 Tl’wl‘é'a-——ZZ +UITU;-07.

The Lagrangian expression for the planner’s problem is identical to (6.s) and
the first order conditions on the tax rates are the same as (71), (T1), (r2) and (T3)
for the education case, where again the w; are exogenous and can be taken out of
the partial derivative expressions. These first order conditions reduce to (12) and
(13), which in turn reduce to (7)-(10) when o = 1. The expression determining
1 — o at the optimum is given by an equation equivalent to (15). Thus Proposition
3 applies here as well. A subsidy on z will be welfare-improving in the presence of
an optimal income tax if z and leisure are substitutes, and, conversely, a tax will
be welfare-improving if z and leisure are complements. This result should not be
surprising in light of the finding of Atkinson and Stiglitz (1976) that the absence of
separability between goods and leisure is enough to justify differential commodity
taxation alongside an optimal income tax. The sign of the relative commodity tax
distortion goes back to the famous Corlett and Hague (1953-4) result, which was
recast in the context of optimal taxation by Harberger (1964).

As in the education case, the subsidy is zero once g crowds out Z; and z;. As
before, we can derive the welfare effect of increasing g in the presence of the subsidy
when 21,2z > 0. Differentiating (6.s) with respect to g and using the first order
conditions for the households as well as the optimal tax conditions we obtain:

% =p (0'&2 - ﬁﬁ) - (1 =o)y(n1 + n2). (21)

Consider the case in which z and leisure are substitutes. As long as g < g, the first
term is zero and social welfare is decreasing in g. This is the same result as was
obtained for the education case. Proposition 4 applies here as does the diagrammatic
illustration of Figure 1.
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V. Conclusion

Governments apparently accomplish a good deal of their redistributive objectives
through the expenditure side of the budget using such instruments as public edu-
cation, public health provision and public pensions. We have investigated whether
a theoretical case can be made for using expenditures for redistributive purposes.
This has been done in a model in which the government is able to pursue redistribu-
tion fully through an optimal non-linear income tax, and in which the only role for
expenditures is redistributive. That is, public expenditures are on items which are
otherwise purely private and could be allocated by markets. Doing so abstracts from
the fact that there may be significant externalities associated with their use in prac-
tice which would justify public provision on market failure grounds. By adopting
these assumptions, we are forced to make the strongest case for using expenditures
for redistributive purposes. We have considered two types of expenditures — one
which affects the wage rate and we have identified with education, and one which is
like an ordinary private good, which we have called future consumption (public pen-
sions). The latter case could represent health care with some minor amendments.
In each case we assumed that the public provision was of a good (or service) which
could not be re-traded among households.

For both these instances of potential public provision, a similar set of results is
obtained. When an optimal income tax is in place, uniform public provision which
crowds out the private provision of at least one household is welfare-improving if
the following condition holds: the level of public provision which crowds out the
private provision of the high income person when mimicking the income of the low
income person is less that the level of public provision which crowds out either
person individually. In the case of education, this would be the case if the elasticity
of the wage function with respect to education expenditures is higher for the low
wage person. For public pensions and health, leisure and the good in question must
be substitutes.

We also found that the same circumstances which make public provision welfare-
improving also make a uniform subsidy on private expenditures welfare-improving.
However, the two instruments are substitutes in the sense that the use of them gives
rise to two local optima — one in which the subsidy alone is used, and one in which
government expenditures is used and in which the subsidy is likely not used. Which
of these two local optima is globally optimal cannot be inferred from the marginal
techniques we have used here. It depends upon the particular forms of taste and
technology of the economy.

Our analysis has been restricted to a two-person economy and to analyzing in-
dividual types of expenditure individually. It would be useful to extend the analysis
to a more complicated setting. For example, the methodology of Guesnerie and
Seade (1982) could be used to consider a multi-person economy. A priori, it seems
apparent that similar arguments could be extended to this case.

20



References

Arrow, Kenneth J., “A Utilitarian Approach to the Concept of Equality in Public
Expenditures,” Quarterly Journal of Economics 85, Aug. 1971, 409-15.

Atkinson, A.B. and Stiglitz, J.E., “The Design of the Tax Structure: Direct versus
Indirect Taxation,” Journal of Public Economics 6, July-Aug. 1976, 55-75.

Besley, Timothy, “Welfare Improving User Charges for Publicly Provided Private
Goods,” mimeo, 1989.

Besley, Timothy and Coate, Stephen, “Public Provision of Private Goods and the
Redistribution of Income,”, 1989, forthcoming, American Economic Review.

Blackorby, C. and Donaldson, D., “Cash versus Kind, Self Selection and Efficient
Transfers,” American Economic Review 78, June 1988, 691-700.

Blomgqvist, A. and Horn, H. “Public Health Insurance and Optimal Income Taxa-
tion,” Journal of Public Economics 24, 1984, 353-72

Bruno, Michael, “Equality, Complementarity and the Incidence of Public Expendi-
tures,” Journal of Public Economics 6, 1976, 395-407.

Corlett, W.J. and Hague, D.C., “Complementarity and the Excess Burden of Tax-
ation,” Review of Economic Studies 21, 1953—-4, 21-30.

Guesnerie, Roger and Roberts, Kevin, “Effective Policy Tools and Quantity Con-
trols,” Econometrica 52, 1984, 59-86.

Guesnerie, Roger and Roberts, Kevin, “Minimum Wage Legislation as a Second
Best Policy,” European Economic Review 31, 1987, 490-98.

Guesnerie, R. and Seade, J., “Nonlinear Pricing in a Finite Economy,” Journal of
Public Economics 17, 1982, 157-80.

Hare, P.G. and Ulph, D.T., “On Education and Distribution,” Journal of Political
Economy 87, 1979, S193-212.

Harberger, A.C., “Taxation, Resource Allocation and Welfare,” in The Role of Di-
rect and Indirect Taxes in the Federal Revenue System (Princeton: Princeton
University Press, 1964), 25-70.

Hausman, Jerry A., “Taxes and Labor Supply,” in A.J. Auerbach and M. Feldstein
(eds.), Handbook of Public Economics, Vol. I (Amsterdam: North-Holland,
1985), 213-63.

Hylland, A. and Zeckhauser, R., “Distributional Objectives Should Affect Taxes But
Not Program Choice or Design,” Scandinavian Journal of Economics 81, 1979,
264-84.

Mirrlees, J.A., “An Exploration in the Theory of Optimal Income Taxation,” Review
of Economic Studies 38, 1971, 175-208.

Roberts, K., “The Theoretical Limits to Redistribution,” Review of Economic Stud-
ies 51, 1984, 177-95.

Stern, N.H., “Optimum Taxation with Errors in Administration,” Journal of Public
Economics 17, 1982, 181-211.

Stiglitz, J.E., “Self-Selection and Pareto Efficient Taxation,” Journal of Public Eco-
nomics 17, 1982, 213-40.

Tuomala, M., Optimal Income Tax and Redistribution (Oxford: Clarendon Press,
1990).

21



Usher, D., “The Welfare Economics of the Socialization of Commodities,” Journal
of Public Economics 8, 1977, 151-68.

Wilson, L.S. and Katz, M.L., “The Socialization of Commodities,” Journal of Public
Economics 20, 1983, 347-56.

22



| o=1

[ o e am ww ]

Figure 1

23



