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Abstract

There currently exist two competing approaches in the literature on the optimal provision of
public goods. The standard approach highlights the importance of distortionary taxation and
distributional concerns. The new approach neutralizes distributional concerns by adjusting the
non-linear income tax, and finds that this reinvigorates the simple Samuelson rule when
preferences are separable in goods and leisure. We provide a synthesis by demonstrating that
both approaches derive from the same basic formula. We further develop the new approach by
deriving a general, intuitive formula for the optimal level of a public good without imposing
strong assumptions on preferences. This formula shows that distortionary taxation may have a
role to play as in the standard approach. However, the main determinants of optimal provision
are completely different and the traditional formula with its emphasis on MCF only obtains in
a very special case.
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1 Introduction

Cost-benefit analysis is an important tool in everyday government decision making on public
projects. When carried out in practice, the dominating view seems to be that the costs of a
tax-funded project should be adjusted according to the marginal cost of funds (MCF), as a close
reflection of the deadweight loss that will materialize if the project is added to the budget.!
Today, the theoretical foundation for such a practice is less clear.

The simple view described above originates from the pioneering papers by Stiglitz and
Dasgupta (1971) and Atkinson and Stern (1974). They argued that the famous Samuelson rule
— which equates the sum of the marginal willingness to pay for the public good of all citizens
to the marginal rate of transformation (MRT) — relies on an unrealistic first-best setting where
individual lump sum taxes are available. Instead, they base their analyses on distortionary
taxation and arrive at a modified Samuelson rule where the effective cost of public goods is
identified as MCF times MRT. This ‘standard approach’ has been very influential and also
underlies the excellent survey of Ballard and Fullerton (1992).

The standard approach has since been further developed by allowing for multiple house-
holds with heterogenous earnings abilities and by integrating the government spending side
more thoroughly in the analysis (Dahlby, 1998; Slemrod and Yitzhaki, 2001; Gahvari, 2006;
Kleven and Kreiner, 2006). Two important conclusions emerge from these extensions. First,
the evaluation of public projects should take account, not only of the distortionary effect of
taxation as reflected by the MCF, but also of government revenue effects stemming from behav-
ioral responses generated by the expenditure side of the projects. For example, a government
investment in infrastructure or child care may increase working hours, and thereby tax revenue.
Second, distributional concerns become important for the optimal level of public goods. It
matters how benefits and costs are distributed across households.

In contrast, the ‘new approach’ to the optimal provision of public goods argues that dis-
tributional concerns are irrelevant to the evaluation of public projects. This line of research,

initiated by Hylland and Zeckhauser (1979) and further pursued by Christiansen (1981) and

'See, for example, Boardman et al. (2006) p. 104. Evaluation of tax-funded public projects in Denmark
assumes that the cost of financing is 1.2 times the actual expenditures, corresponding to the official Danish
marginal cost of funds (the Danish Ministry of Transportation and Energy, 2003).



Kaplow (1996), holds that unintended distributional effects can be undone by the income tax.
Their analyses apply the benefit principle, which, relying on the flexibility of the non-linear
income tax, implies that each individual contributes to the financing of a public good corre-
sponding to her own marginal willingness to pay.? Formally, Christiansen (1981), in the context
of the optimal non-linear income tax, and Kaplow (1996), for a general tax function, have shown
that this principle restores the original Samuelson rule when preferences are separable in leisure
and goods (including public goods). This somewhat surprising result arises because the effects
on individual behavior from the benefit side and from the cost side of a government project
cancel each other out, implying that a change in government consumption has no indirect effects
on tax revenue. Interestingly, the result is in line with the idea of Musgrave (1959) that the
redistributive and allocative branches of government may be dealt with separately.

The divergent results of the traditional approach and of the new approach have created
a state of confusion as illustrated by the debate in the wake of Kaplow’s (2004) survey (see
Goulder et al., 2005, and the reply by Kaplow). One reason for this confusion may simply be
that the underlying analyses appear to be very different (Christiansen, 2007). Another likely
reason is that the new approach has been inextricably linked to the restrictive separability
assumption on preferences, although the underlying benefit principle applies generally.

The fundamental difference between the two approaches lies in the assumption made about
the financing of the public good. Unlike the new approach, the standard approach makes no
general assumptions about the way the project is financed. In particular, there is no direct
link between the distribution of the benefits and the distribution of the financing burden of the
project. An argument in favor of this approach is that the income tax is not sufficiently flexible
to exploit the information about the distribution of the benefits from the public good. However,
the lack of restrictions on the financing scheme has the potential drawback of leading way to
distributional concerns that are unrelated to the public goods problem itself. As a result,
government consumption may become a means to compensate for a lack of appropriate tax
instruments. In contrast, the new approach follows the tradition in analyses of optimal taxation

by assuming away exogenous restrictions on the instruments available to the government, except

2The benefit principle does not imply that a given public project must be financed by a scheme that keeps
everyone’s utility unchanged. It simply asserts that a public project should be completed whenever a Pareto
improvement is possible. This occurs if the reform studied raises government revenue.



the restriction that innate abilities cannot be observed and taxed directly. This eliminates any
distributional concerns due to the specifics of the financing scheme.

This paper contributes in different ways to the literature on optimal provision of public
goods. First, we generalize previous results in both the standard approach and the new approach
by considering a very general framework that accounts for heterogeneity in both earnings and
preferences and allows for home production through Beckerian type household consumption
technologies.

Second, we use the framework to reconcile the results of the two approaches. The traditional
approach addresses the problem of optimal provision by examining whether a budget-neutral
expansion of government consumption raises social welfare. The new approach, on the other
hand, considers an expansion of government consumption together with an adjustment of the
non-linear income tax that keeps everybody at the same utility level (the benefit principle). The
optimality criterion then becomes whether government revenue increases or not. We demon-
strate, using a simple duality property, that both approaches derive from the same basic formula,
requiring that a public project is completed only when the social marginal benefit of the project
(SMBP) exceeds the social marginal cost of public funds (SMCF).

Third, and most importantly, we contribute to the new approach by deriving a fully general,
intuitive formula for the optimal level of public goods without imposing strong assumptions on
preferences. The formula is simple to derive and shows that distortionary taxation may have a
role to play as in the standard approach. However, the main determinants of optimal provision
are very different, and we demonstrate that the traditional formula with its emphasis on MCF
only obtains in a very special case where the willingness to pay for the public good is linear in
ability.

Our general formula identifies the partial correlation between ability and the marginal will-
ingness to pay for the public good as the driving force behind any deviations from the Samuelson
rule. That is, public goods provision should only be less (more) than the Samuelson rule predicts
if high ability individuals have a higher (lower) marginal willingness to pay for the public good
— when evaluated at a given earnings level. We may observe that high earning, high ability
individuals have a higher willingness to pay for the public good. However, if this correlation is

driven entirely by the effect of income on the willingness to pay (as is the case with a standard



normal good) the Samuelson rule still applies. Only a partial effect directly from ability to the
willingness to pay leads to a departure from the Samuelson rule since any correlations with
income can be made distributionally neutral through appropriate adjustments of the income
tax. This result is related to Boadway and Keen (1993) who showed in a two-type optimal tax
framework that the Samuelson rule should be modified according to the degree of complemen-
tary /substitutability between leisure and the marginal willingness to pay. Our reform-based
approach does not require that the income tax system is optimal. Further, their main result
does not generalize to our setting, but we show that our general formula may be reformulated
to a relationship between leisure and the marginal willingness to pay for the public good when
we confine the analysis to a labour-leisure framework with homogeneous preferences.

The paper is organized as follows. Section 2 presents our model with a continuum of agents
and preference heterogeneity. Section 3 derives a general formula for the optimal level of a
public good when the financing scheme is not linked to the benefit distribution as in the stan-
dard approach. Section 4 shows the relationship between the standard approach and the new
approach, and derives a general, intuitive formula for the optimal level of a public good when
marginal tax changes are governed by the benefit principle. In Section 5 we provide a spe-
cial case where the two approaches lead to identical results, and where the simple, traditional

formula with its emphasis on MCF applies. Finally, Section 6 discusses policy implications.

2 The Framework

This section presents a general framework to analyze the optimal provision of public goods.
The model has a continuum of agents, each characterized by an innate ability n, which is also
our index of identification. The distribution of abilities across the population is given by the
non-degenerate density function f(n). Each agent derives utility from private consumption
¢ and from public goods ¢ provided by the public sector. Both ¢ and g could be thought of
as either a vector of consumption goods or a single composite good. Gross earnings or, more
generally, taxable income is denoted z, and acquiring income imposes a utility loss on the agent.

The utility of agent n equals

u(c,g,2z,n), (1)



where u, = du/dc > 0, ug > 0, u, < 0, and u () is quasiconcave. This utility specification
embodies preference heterogeneity across individuals of different abilities. It also encompasses
the traditional Mirrleesian specification, u (¢, g, z/n), as a special case. The term z/n builds on
the notion that more able persons must exert less effort to attain a given income level. If this
logic is extended to other domains of everyday life, as in Becker (1965), it seems natural that
ability also has an impact on the utility of consuming, as long as the skills of home production
are correlated with market productivity. The theory of household production views market
goods as an input in a production process, which, along with individual skills, determines the
output that ultimately enters individual utility. Thus, persons of different skills may benefit
differently from a given input of ¢ or g. For instance, an individual’s ability to cook determines
the utility derived from a basket of groceries. Similarly, the utility derived from public goods
such as the police or the judicial system depends on both the skill and the need to benefit
from such institutions, which is likely influenced by individual ability. Thus, the formulation
in (1) captures both innate preference differences between individuals of different abilities and
preference differences due to the technology of home production.

Since the government cannot condition taxes on the unobservable ability, it is forced to
operate a (possibly) non-linear income tax function 7' (z,0), where 6 is a shift parameter used
to capture the effects of changes to the tax function. Consumption equals ¢ = z—T (z, ) which,
together with the utility function (1), give

u; [z —T(2,0),9,27]
MRS, (z, = = , 2
RS (Z n) u/c[z—T(z,G),g,z,n] >0 ( )

ulg [z—T(z,G),g,z,n]

u/c[Z_T(Z79)7g7Z7n]

MRS (z,n) = 0, (3)

which measure the marginal rates of substitution between, respectively, ¢ and z and ¢ and g for
a type n individual at the income level z. Notice that an increase in the ability level affects the
MRS’s both directly and indirectly through an impact on the earnings level z. This distinction
turns out to be important for the results.

The first-order conditions for the optimal choices of ¢ and z imply
MRS, [z(n),n] =1 —m, (4)

where z (n) denotes the optimal income level and m = 97T (z (n) ,0) /0z is the marginal tax rate



at that income level. The indirect utility function is v (n) = u[c(n), g,z (n),n| and gives the
utility level of individual n when consumption and labor supply are chosen optimally. We follow
the standard approach in optimal taxation and contract theory and assume (7) that utility is
increasing in ability, Ou/0n > 0, and (i7) that the Spence-Mirrlees single-crossing condition is
satisfied (e.g., Salanié, 2003):

OMRS,; (z,n) /On < 0. (5)

The first assumption along with the Envelope Theorem ensures that the indirect utility is
increasing in ability, dv/dn = du/dn > 0. The second assumption ensures that the tax system
is implementable, i.e., that higher ability individuals always choose higher equilibrium earnings,
implying that the government can use income as a signal of the underlying ability.

The government cares about redistribution as well as the provision of public goods. The
preferences of the government are captured by a Bergson-Samuelson social welfare function of
the form

o= [wio@)sman ()
where W () is a concave function reflecting the distributional concerns of the policymaker. The
marginal rate of transformation between private goods and public goods (MRT,) is normalized

to one, without any loss of generality. The government budget constraint then becomes

RE/T(Z,H)f(n)dn—gz(),

where the public goods nature of g is seen from the fact that g enters only once in the government
budget constraint but still appears in everyone’s utility functions.

A reform is characterized by two parameters: the change in the supply of the public good dg
and an associated adjustment of the tax function df. Differentiating (6) and using the first-order

condition (4) yields the effect of a marginal reform, (dg, df), on social welfare
8T 0 ul
= ——dH/ (=, )f(n)dn+dg/w(n)u—§’f(n)dn, (7)
where A= [ W' (-)u, (-) f (n) dn is the average social marginal utility of income in society and
) = ' [u(: )} ACKE

w(n is the social marginal welfare weight of agent n. Similarly, the effect of a

reform on government revenue is given by

dR:dG/n%f()dn—dg—%/ (ggdw%dg)f()dn, (8)

6



where the first two terms are the direct revenue effects while the last term captures the effect
of behavioral responses on government revenue. These behavioral responses are driven both by

changes to the tax schedule and by effects of government consumption on household utility.

3 The Standard Approach

The standard view of optimal public goods supply is due originally to Stiglitz and Dasgupta
(1971) and Atkinson and Stern (1974) and has exerted a tremendous influence on the practice
of cost-benefit analysis (e.g., Ballard and Fullerton, 1992). This approach to deriving a formula
for the optimal public goods supply initially does not impose any restrictions on the financing
scheme other than the requirement that the reform is fully financed, i.e., dR = 0. From eq. (8)
this yields

A0 [, [T+ m] f (n)dn
N 1—fnmg—gf(n)dn

A marginal expansion of g is desirable if it increases social welfare, d2 > 0. Insert the above

dg

expression in (7) and apply this test to get

Jow(n) Z_:Zf (n)dn S f",w (n) %—gf (n)dn ‘
L= [,m8f(n)dn = [ [3F +m5] f(n)dn

(9)

The earnings choice of the household, determined by eqgs (2) and (4), may be written as a
function 2z ((1 — m),y, g,n), where (1 — m) is the marginal net-of-tax rate and y = mz—1T (z, 0)
is virtual income. The uncompensated elasticity of taxable income with respect to the net-of-tax

rate may then be defined as ¢ = 1;’” a(ffm)‘ From the Slutsky-equation, it may be decomposed

into a compensated elasticity and an income effect, that is € = €°—n where €€ is the compensated

elasticity and n = — (1 — m) g—j is the income effect.> Further, let
om/o6 or or
P = = — — 1
e s =55/ ([ Gprean)., (10)

where a is the average tax rate. The parameter ® captures the progressivity of the implied tax

reform, and s (n) is the share of the direct tax changes that is borne by agent n. Using this we

3Previous contributions have defined hours-of-work elasticities. The elasticity of taxable income captures
hours-of-work responses as well as all other behavioral responses that are relevant for total tax payments, and
the empirical evidence indicates that this elasticity may be significantly larger than the hours-of-work elasticity
(e.g. Gruber and Saez, 2002).



can rewrite (9) in terms of behavioral elasticities to arrive at Proposition 1.*

Proposition 1 A marginal expansion of a public good is desirable iff

fn w(n) - MRS¢ (+) f (n)dn - fn w(n)s(n) f(n)dn '
1—fnm§—§f(n)dn _fn<1—%(<I>~6C—n))s(w)f(n)dn

Proof: See Appendix A. [

Expression (11) generalizes the results of Dahlby (1998), Gahvari (2006), and Kleven and
Kreiner (2006) to a more general setting. Intuitively, a marginal expansion of the public good is
desirable when the social marginal benefit of the project (SMBP, the left-hand side) exceeds the
social marginal cost of public funds (SMCF, the right-hand side). The expression for SMCF is
equivalent to the social marginal cost of public funds derived in Dahlby (1998) with elasticities
defined on taxable income rather than more narrowly on labor supply.’

Proposition 1 demonstrates the importance of tax distortions and distributional considera-
tions for the optimal level of the public good. Without distributional weights, w (n) = w Vn,
and without initial tax distortions, m = 0 Vz, the Samuelson rule applies (independently of
how a marginal expansion of the public good is financed). Introducing positive marginal tax
rates implies that the optimal g may be lower or higher than prescribed by the Samuelson rule,
depending on the sizes of the behavioral effects stemming from changes to the tax schedule (the
RHS denominator) and from changes to the public goods supply (the LHS denominator).

Distributional concerns affect the optimal level of public goods, even in the absence of any
tax distortions. Consider, for example, the case where the aggregate willingness to pay for a
public project exceeds the total costs of the project. Such a project should be implemented
according to the original Samuelson rule but not necessarily according to the above modified rule
which depends on the financing scheme. If, for example, high-income people receive most of the
benefits and the public project is financed by a poll tax, the project might be discarded because

the distribution of welfare is worsened. However, such a conclusion ignores the flexibility of

'In a piece-wise linear tax system, there will be bunching at the various kinks in the tax schedule. With
standard convex budget sets, this does not constitute a problem for our final results but may imply that elasticities
are zero at a kink point because marginal changes are not sufficient to move the individual away from the kink
point.

’Kleven and Kreiner (2006) include both intensive and extensive labor supply responses. We have chosen
to follow the tradition in analyses of the optimal provision of public goods and MCF by focusing on intensive
responses alone.



the non-linear income tax, and thereby assigns a role to distributional considerations that are
unrelated to the problem of public goods provision (see also Auerbach and Hines, 2002). This
approach may have merit when there are exogenous constraints that limit the adjustment of
the tax schedule as emphasized by Slemrod and Yitzhaki (2001) and Gahvari (2006). On the
other hand, without any specific justification for constraining the tax function, it is natural to
consider a financing scheme where those who benefit from the public good also pay the extra
taxes, thereby neutralizing any distributional effects. This is the direction taken by the new

approach.

4 The New Approach

The new approach evaluates the benefits of an expansion of the public good by use of the benefit
principle, introduced by Hylland and Zeckhauser (1979) and applied by Christiansen (1981,
1999) and Kaplow (1996, 2004). When applying this principle, a (marginal) expansion of g is
financed by a benefit-offsetting, or distribution-neutral, change in the tax function. Consider
Figure 1. The solid line plots individual benefits (measured in units of private consumption)
from a public project as a function of ability. Similarly, the dashed line displays one possible
way of financing the public project under the standard approach in which the tax burden is
increasing in income. In this case, the proposed financing provides an increase in the net-utility
of low-ability individuals at the expense of high-ability individuals, thus implying a change in
the distribution of welfare. In contrast, under the benefit principle the income tax schedule is
adjusted so as to keep everyone’s utility unchanged, i.e., each individual’s share of the additional
tax burden corresponds to their individual benefit in Figure 1. The public good expansion is
then desirable if the total effect on government revenue is positive. This approach does not
imply that a given public project must be financed by a scheme that keeps everyone’s utility
unchanged. It simply asserts that a public project should be completed whenever a Pareto
improvement is possible.

Testing whether a marginal expansion of g that keeps everyone’s utility unchanged can raise
government revenue, dR > 0, is incompatible with the method used to derive the optimal level

of g in the standard approach of the previous section. Indeed, condition (9) is derived by



considering whether a budget-neutral reform, dR = 0, raises social welfare, d{2 > 0. Instead, we
use an alternative approach that keeps social welfare unaffected and determines the desirability
of a marginal expansion of g by calculating the effect of the reform on government revenue.
If the effect is positive, the reform is socially desirable. We show in Appendix B that the

requirements df2 = 0 and dR > 0 are equivalent to

fnw(w)%’% (n)dn> [ w(w)Zf(n)dn
L= fum@f(n)dn [, [G5 +mG3] [ (n)dn’

(12)

which is the same as condition (9). The fact that we arrive at the same formula as in the
standard approach is not surprising since we have merely applied a dual approach to determine
the optimal level of g. Importantly, the equivalence of (9) and (12) provides a link between the
two approaches. Indeed, they both derive from the same basic formula. The difference lies only
in the assumptions made regarding the associated tax reform.

The benefit principle makes the change to the entire tax schedule endogenous, i.e., at every
income level both the direct change to the tax burden and the change in the marginal tax rate
are determined endogenously by the requirement that the utility of all individuals is unchanged,
implying that v (n) and v’ (n) are fixed. Thus, we consider a reform that affects g and the tax

function 7' (-) such that

dv(n) = wu(-)de+uy(-)dg+u (-)dz=0 foralln, (13)

dv' (n) = wug, (-)dc+uy, (-)dg + u, (-)dz =0 for all n, (14)

where we have used that v' (n) = u, (-) because of the Envelope Theorem.

The benefit-offsetting expansion of g adjusts the tax function to capture the benefits of the
additional g from each individual n. To see this, differentiate the relationship ¢ = z — T (z, 0)
in order to get dc = (1 —m)dz — (0T'/00) df. This expression and the first order condition (4)

enable us to write condition (13) as

-dg = MRS (2,n) - dg. (15)

This equation shows that the increase in the tax burden of an individual with earnings z is

exactly equal to the extra benefit from the expansion of government consumption. However, as

10



the tax function depends on income, not ability, the reform may have distortionary effects on
the incentive to work.

The impact of the public good expansion on the incentives to supply earnings will depend
on the implicit effect on the marginal tax rate implied by the above financing scheme and on
the direct effect of the public good on work incentives. The total effect on earnings may be
derived by combining eqs (13) and (14). This gives

() () () fu, ()
—ully, (1) +ugy () ul () fug ()
OMRS4 (z,n) /On

= MRS.. (z,n) /on Y (16)

dz dg

where the last equality follows by differentiating the definitions in egs (2) and (3) w.r.t. n. The
partial derivatives in this expression measure the effect of ability on the marginal rates of substi-
tution between, respectively, ¢ and ¢ in the numerator and ¢ and z in the denominator. Notice
that the single-crossing condition (5) implies that the denominator is negative and therefore
that the sign of the effect is determined by MRS, (2,n) /On.

The application of the benefit principle implies that the expansion of g and the accompanying
change in the tax function keeps everyone’s utility, and thus social welfare, unchanged. Now
eq. (15) gives [ w(w) Z—i’dg f(n)dn= [ w(w) %—gd@ - f (n) dn implying that condition (12) is

equivalent to

or 0z 0z
/ {%dﬁ +m <%d9 + 8—gdg>} f(n)dn > dg. (17)

From eqgs (15), (16), and (17), it is now possible to establish our main result:

Proposition 2 A marginal expansion of a public good is desirable iff

OMRS,, (z,n) /On
/n (MRch (z,m) +m - 8MRSCZ ) /8n> f(n)dn > MRT.,. (18)

Proof: This follows by inserting eqs (15) and (16) in condition (17). O

Proposition 2 shows that the Samuelson rule must be amended by a term that is affected by
the partial correlation, i.e., conditional on income, between ability and the marginal willingness
to pay for the public good.® The additional term corrects for the revenue implications of the

behavioral responses to the reform. The optimal level of ¢ is affected by correlations with the

SWilliams (2005) analyzes different public policy problems with non-separable preferences. His main goal,

11



unobservable n because the tax function is constrained to depend on the imperfect signal that
is income. It is important to note that the partial effects on the MRS’s in (18) are evaluated
at a given income level. Thus, variations in MRS due entirely to variations in z do not affect
the optimal public goods supply. The total effect of higher ability on the marginal willingness
to pay for the public good is given by

dMRS¢g (2,n) _ OMRSy (2,n) dz N OMRS (z,n)
dn B 0z dn on

This is illustrated on Figure 2, which displays indifference curves and the marginal rate of
substitution between private consumption and public goods. A low-ability person who has
low earnings/private consumption is at point L, while a high-ability person with high earn-
ings/private consumption is at point H. Assume first that the preferences of both agents are
given by the solid indifference curves ¢; and i5. In this case, the high-income person has a higher
willingness to pay for the public good (MRS, is larger at H than at L), which is only natural
when ¢ is a normal good because both agents receive the same level of public good consumption
g. This effect works entirely through earnings, dz/dn, and does not affect the optimal level of
g since both types have the same willingness to pay when located at the same earnings/private
consumption bundle. Rather, the crucial test is whether the slope of the indifference curves of
people of different ability differ when evaluated at a given income/consumption level. This sit-
uation arises if the preferences of the high ability person are instead represented by the dashed
indifference curves i} and 5. In this case, the high-ability person has a higher willingness to
pay at any given point, implying that the public good effectively redistributes based on the
unobservable ability.

Intuitively, when marginal tax rates are positive, the supply of public goods is reduced
relative to the first best if the marginal willingness to pay for the public good increases with
ability. In this case, the benefit principle implies that higher incomes must contribute more to
the financing of the public good. However, part (or all) of the additional benefit enjoyed by
persons with higher incomes stems from their innate ability and is realized independently of the

chosen income level. Thus, the additional taxes implied by the reform reduce the incentive to

however, is to compare representative-agent and multiple-agent models. His result on public good provision with
multiple agents (eq. 24M) does not provide much guidance on whether non-separability implies more or less
provision compared to the Samuelson rule. In particular, he does not identify the crucial distinction between
income and ability in determining deviations from the Samuelson rule.
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work. The size of the additional distortion depends on the responsiveness of earned income as
captured by the denominator of the second term in (18). Also, the stronger is the influence of
ability on the marginal willingness to pay, the more difficult it is for the government to finance
g in a non-distortionary fashion.” A reversal of the above argument explains why the public
goods supply should be higher than advocated by the Samuelson rule when there is a negative
correlation between ability and the marginal willingness to pay for the public good.

The result in Proposition 2 is related to Boadway and Keen (1993) who showed in a two-type
optimal tax framework that the partial correlation between leisure and the marginal willingness
to pay determines deviations from the Samuelson rule. In our general framework, this result
does not apply. However, Proposition 2 may be reformulated to a relationship between leisure
and the marginal willingness to pay for the public good when we confine the analysis to a

labour-leisure framework with homogeneous preferences:

Corollary 1 With the individual utility specification u (c,g,z,n) = @ (c, g,l) where l = z/n, an
expansion of g is socially desirable whenever

OMRS,, (2,1) /Ol
. > .
/n <MRSCg (z,0)+m MRS, (2.1 /1 f(n)dn > MRT,,

Proof: With this utility function, we can use the relation z = n - [ to express the change in n

as a function of the dependence of MRS on [ instead. Indeed,

OMRS _ OMRS 0L _ MRS = _ OMRSy(5,n) /On _ OMRS (2,1) /01
on 9l om ol n? OMRS,., (z,n) /On — OMRS,, (z,1) /0l

Insert this in eq. (18) to arrive at the above result. [

When ability is restricted to affect utility only through [, the evaluation of a public project
departs from the Samuelson rule if the marginal willingness to pay for the public good depends
on individual labor supply. Thus, if MRS, displays a negative correlation with [ — for a given
income z — the optimal level of the public good is less than predicted by the Samuelson rule

(notice that the denominator in the second term under the integral is now positive). In this

" An alternative way to view this result focuses on how the concern for redistribution affects the optimal level
of g. When persons of higher ability benefit relatively more from the presence of the public good, the supply
of g adversely affects the government’s scope for redistribution. Indeed, the public good effectively redistributes
in favor of the rich. This point applies the same logic as do Nichols and Zeckhauser (1982) and Blackorby
and Donaldson (1988) in the context of in kind transfers and Saez (2002) in the context of optimal commodity
taxation.
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case, the public good is valued relatively more by those who must deliver fewer working hours
to attain a given income, i.e., people of higher ability. Therefore, the public good impacts
negatively on the government’s ability to redistribute income. However, the opposite situation
is equally plausible. When MRS, increases with [ the optimal g is higher than indicated by the
Samuleson rule. Finally, note that the correlation with working hours is only a sufficient statistic
when the utility function has the shape considered in Corollary 2. It does not necessarily carry
over to the general utility function (1).

Proposition 2 also clarifies when the original Samuelson rule obtains. The sufficient condition
is that there is no partial effect from ability to the willingness to pay for the public good. Thus,
the crucial question for the determination of the optimal g is whether the marginal willingness
to pay is different for a person of high ability when she imitates the choices of a lower ability
individual. If this is not the case, implying that people of different ability have the same MRS,
for given z, the Samuelson rule applies and distributional considerations should not affect the
level of the public good. This does not rule out that people of different ability, as they position
themselves at different income levels, have different willingness to pay in equilibrium. In this
case, the financing of the public good is not uniform under the benefit principle and, as a result,
marginal tax rates are affected. But these tax variations are not distortionary as the marginal
willingness to pay also varies with income. Differential financing is only distortionary when
taxpayers can avoid the additional burden without reducing the benefit they enjoy from the
public good. Thus, armed with Proposition 2 we can generalize the result of Kaplow (1996) to

a more general class of utility functions:®

Corollary 2 Assume that individual utility satisfies the separability assumption: u (¢, g,z,n) =
o [wl (c,9,2),w?(z, n)] Then an expansion of g is socially desirable whenever the Samuelson

condition holds, i.e.,

/ MRS, f (n) dn > MRT,.

ui(wy' () wy'(e,9:2)
u (-
1

Proof: The marginal willingness to pay for g is MRS., = ()w{,(.) = ween) which is

¥Note that u = @ (w(c,g),l), which is used in Kaplow (1996), is a special case of the utility function in
Corollary 2, where w' (c,g,2) = @' (¢c,g) and w? (2,n) = z/n. A related issue concerns the importance of
separability in establishing whether the second-best level is above or below the first-best level. Gaube (2000)
explores this issue in a public goods context while Gauthier and Laroque (2008) consider a general second best
environment.
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independent of n. Thus, 9MRS.,/0n = 0 implying that (18) reduces to the Samuelson rule. O

The above utility specification implies that variations in the marginal willingness to pay for the
public good derive from income directly, not the underlying ability (OMRS.,/0n = 0). If the
marginal willingness to pay increases with income, the benefit principle implies that marginal
tax rates increase as a result of the reform but these changes are not distortionary as the
individual benefit from the public good also increases with income (see Blomquist et al., 2008,

for a similar point).

5 A Special Case: Simple MCF Correction

Generally, the formula for the optimal g deviates from Proposition 2 when the associated tax
reform is not governed by the benefit principle. Thus, the standard approach generally leads
to different results than those obtained in the previous section. However, in one special case
the two approaches are equivalent and the simplest form of the standard formula obtains. The

latter holds that public goods should be expanded if
/ MRS, - f (n) dn > MCF - MRT g,

where MCF is the marginal cost of raising public funds. This simple version of the modified
Samuelson rule focuses only on the distortionary effects of raising taxes and disregards distrib-
utional concerns. We now show that there is a special case where this simple formula obtains
using the new approach.

Assume utility is given by
u=c+n-w(g)—n-h(z/n), (19)

where the functional form of the disutility of labor is taken from Saez (2001) and implies that
n reflects potential earnings, i.e., without any tax system the individual chooses z = n. The
crucial feature of the preference specification is that utility from the public good is rising linearly
in ability. If we depart from this functional form, the simple standard formula does not obtain.

With the utility function (19), Proposition 2 implies that a marginal expansion of g is

desirable iff (see Appendix C)

1—-m

/ MRS, <1 - 5) f (n)dn > MRT,, (20)
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where ¢ is the (compensated) elasticity of taxable income with respect to the net-of-tax rate.
This formula identifies MCF as a central determinant of the optimal g. If, in addition, the
income tax system is linear initially and the elasticity of taxable income is constant across

individuals, the condition simplifies to

1
/ MRS. - f (n) dn > +——5— - MRTy = MCF - MRT,,

1-m
which is identical to the most simple version of the modified Samuelson rule (Browning, 1987,
Dahlby, 1998, and Ballard and Fullerton, 1992). However, only when utility from the public
good is linear in ability and the initial tax system is proportional is this traditional MCF

correction valid.

6 Policy Implications

The standard approach provides the most general answer to the question of the optimal public
goods supply in an economy with distortionary taxation. However, most policy makers would
probably find Proposition 1 of limited practical relevance. A cost-benefit analysis based on that
proposition requires information about the social welfare weights of different income groups,
knowledge of earnings responses to changes in taxation and to changes in the public goods
supply, as well as a specification of the underlying tax reform used to finance the public good.
In particular, it is hard to find conclusive evidence on the appropriate social welfare weights.

Instead, many real-world cost-benefit analyses are based on a simple MCF-correction of the
Samuelson rule. Section 5 showed that this approach implicitly puts very strong assumptions on
the utility function. In particular, it is assumed that the willingness to pay is linearly increasing
in ability, conditional on income. As the examples below illustrate, this hardly seems a natural
benchmark for public good decisions in general.

The new approach represents a way to simplify the problem of optimal provision. As long
as the income tax is sufficiently flexible, we can neutralize any distributional effects and use
the Pareto criterion to evaluate whether the public good should be expanded. This is in line
with the ideas of Musgrave (1959). In this case, Proposition 2 shows that the optimal supply
of public goods follows a modified Samuelson rule where the modification is determined by

the correlation between ability and the willingness to pay for the public good, conditional on
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tncome.

However, the new approach faces the central challenge that correlations between the mar-
ginal willingness to pay and, respectively, ability and income are observationally equivalent but
have vastly different policy implications as first noted by Hylland and Zeckhauser (1979). For
instance, are wealthy people overrepresented among opera audiences because they are wealthy,
or because they are of higher ability? For some purposes, casual observation may be sufficient
to decide on the desirability of a public project but in general it is difficult to distinguish empir-
ically between initiate ability and income — a feature that also underlies the main assumption
behind optimal income taxation.”

For instance, police protection and the safety it provides might be an example of a public
good where the willingness to pay is increasing in income/wealth but where there is no clear
relationship between willingness to pay and ability (for a given income level). Then the original
Samuelson rule provides the best benchmark for the optimal level of expenditures on public
safety (Corollary 2).

In contrast, education seems to be an example of a good that is valued higher by the
more able, even conditional on income. Presumably, people of higher innate ability are better
equipped to benefit from educational training. If so, the optimal public financial support for
education is less than the Samuelson rule predicts because such support effectively redistributes
income towards the more able.!® Correspondingly, public transportation is likely to benefit
persons of lower ability more for a given income. Efficient public transportation reduces the
travel time to and from the workplace, leaving more time for other activities. A low ability
individual must work longer hours to uphold a given income and therefore, presumably, values
her sparetime more compared to a higher ability individual with the same workload. Thus,
subsidies to public transportation effectively redistribute income towards the less able, over and
above what is attainable through the income tax. Importantly, consumption patterns across

incomes do not necessarily reveal the desirability of public transport subsidies. If low income

9The identification problem is not easily solved. Basically, we need to identify the marginal willingness to pay
for the public good of a high-ability type when he mimics the income choice of a low-ability type. This requires
knowledge about out-of-equilibrium outcomes.

10Education is, of course, not a pure public good but our argument also applies to externalities as discussed
below. Note also that redistributive policies may discourage private investments in education, creating a second-
best argument in favor of subsidizing education (Bovenberg and Jacobs, 2005).
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individuals choose public transport because they cannot afford a car, not because they are of
low skill, the Samuelson rule still applies.

In order to rely on the new approach, we need the income tax system to be sufficiently
flexible. But in practice there may be several constraints that limit the adjustment of the income
tax as emphasized by e.g. Slemrod and Yitzhaki (2001). For example, the implementation of a
progressive tax system in developing countries is hampered by the difficulty of taxing income
directly (Gordon and Li, 2005). In this light, let us reconsider our previous example of police
protection and safety which primarily benefits the rich. When exogenous constraints prevent
us from raising the desired extra revenue from the rich, we can no longer simply apply the
Samuelson rule as advocated by the new approach. Instead, an expansion of the spending on
public safety inevitably redistributes welfare from the poor to the rich. In this case, we need to
apply the standard approach, which requires information on welfare weights etc.

Finally, while the analysis in this paper has focused on public goods, the results may be
directly applied to the correction of externalities. We may think of g as a global externality
and MRS, as the willingness to pay for a marginal reduction of the externality. The cost of
reducing ¢ is then the costs of, e.g., abatement or alternative production methods. As argued
by Kaplow and Shavell (2002), the most efficient way to regulate externalities is through a price
scheme that reflects marginal harm. When consumption patterns differ across individuals, the
costs and benefits of such a scheme may be unevenly distributed. However, any distributional
effects that are driven by preference variations due directly to income can be undone through
adjustments of the income tax (see also Kaplow, 2006). Only when the willingness to pay for
harm reduction is correlated with ability should the externality correction depart from first best

rules.!!

YTf the externality is not global but affects only part of the population, it is necessary for the results that the
income tax can follow the same demographic patterns. For instance, pollution in a major city mainly affects its
citizens and compensation schemes must then be designed to affect only the citizens of that same city. This is
possible if regional taxes are in place and can be adjusted freely. However, local tax functions are often subject
to constitutional restrictions. In this case, and when the externality affects subsets of the population that cannot
be explicitly targeted, the benefit principle can no longer be applied and alternative methods must be used.
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A Proof of Proposition 1

The effect of the tax reform on government revenue is

OR or 0z
%—/n [%—i—m%] f(n)dn,

which is identical to the denominator on the right-hand side of (9). Using the earnings function
Z () and noting that the shift parameter 6 only affects the marginal net-of-tax rate and virtual
income (but not g), we may write the earnings response as
0z 030y 05 om
90 9yoo O(1—m) a0’
which decomposes the effect on earnings into an income effect and an effect from the change in
the tax rate. The change in virtual income is
dy om 0z 0z 0T (z,0) om  Jda
@ZZW*”%‘”%‘TZZ(%‘@)
where a = T (z,0) /z is the average tax rate and da/00 = %/z. This implies that the
earnings response above may be rewritten to
0z 0z (Om  Oa 1 Om
%0~ [a—y (%‘%) —mgw] 2

1-m 9%

where ¢ = =—* B0 =) is the uncompensated elasticity of taxable income. From the Slutsky-

equation, it may be written as € = € — 1 where €€ is the compensated elasticity and n =

—(1—m) g—j is an income effect. Using this relationship, the above expression becomes

9z _( da . Om\ 1
00 \"o6 " o0 ) T=—m”

OR m om/08 \| oT
90 _/n [H 1-m <"_ 9a,/00 )] g/ () dn-

Insert this in the denominator on the right-hand side of (9) and use the definitions (10) in order

which implies

to obtain formula (11) in Proposition 1.
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B Derivation of Equation (12)

From eq. (7) and the condition d§2 = 0 we get

dg = fnw(n)%—g;lde-f(n)dn
[0 (n) 5 f () dn

We may rewrite eq. (8) as

dR — /da [——i—mag}f(n)dn—dg(l—/nmg—;f(n)dn).

Insert dg from above and apply the criterion dR > 0 to get (12).

C Derivation of Equation (20)

We start by deriving dz from eq. (16). With the utility function (19), we have u, = 0,

g, = w'(-), and the first-order condition for the choice of earnings (4) implies

dz n

d(T—m) K ()

()=1-m =

which gives the (compensated) elasticity of earned income w.r.t. the take-home rate as

o= dz/z _ nh' ()

d(1—m)/(1—=m) zh"(:)

The cross-derivative v}, then becomes

11
ne’

/l —h”()

712 (1 - )

By inserting this relationship and u/,, = 0 into (16), we obtain

M

where we have used MRS,y = n - w' (g). By substituting the above expression and eq. (15) into

condition (17), we obtain the inequality (20).
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Figure 1: Financing of the public good

Cost of taxation

Individual
benefit

. Ability (n)

Figure 2: High versus low ability

»
1




CESifo Working Paper Series

for full list see www.cesifo-group.org/wp
(address: Poschingerstr. 5, 81679 Munich, Germany, office@cesifo.de)

2477 Gaétan Nicodéme, Corporate Income Tax and Economic Distortions, November 2008

2478 Martin Jacob, Rainer Niemann and Martin Weiss, The Rich Demystified — A Reply to
Bach, Corneo, and Steiner (2008), November 2008

2479 Scott Alan Carson, Demographic, Residential, and Socioeconomic Effects on the
Distribution of 19" Century African-American Stature, November 2008

2480 Burkhard Heer and Andreas Irmen, Population, Pensions, and Endogenous Economic
Growth, November 2008

2481 Thomas Aronsson and Erkki Koskela, Optimal Redistributive Taxation and Provision of
Public Input Goods in an Economy with Outsourcing and Unemployment, December
2008

2482 Stanley L. Winer, George Tridimas and Walter Hettich, Social Welfare and Coercion in
Public Finance, December 2008

2483 Bruno S. Frey and Benno Torgler, Politicians: Be Killed or Survive, December 2008

2484 Thiess Buettner, Nadine Riedel and Marco Runkel, Strategic Consolidation under
Formula Apportionment, December 2008

2485 Irani Arraiz, David M. Drukker, Harry H. Kelejian and Ingmar R. Prucha, A Spatial
Cliff-Ord-type Model with Heteroskedastic Innovations: Small and Large Sample
Results, December 2008

2486 Oliver Falck, Michael Fritsch and Stephan Heblich, The Apple doesn’t Fall far from the
Tree: Location of Start-Ups Relative to Incumbents, December 2008

2487 Cary Deck and Harris Schlesinger, Exploring Higher-Order Risk Effects, December
2008

2488 Michael Kaganovich and Volker Meier, Social Security Systems, Human Capital, and
Growth in a Small Open Economy, December 2008

2489 Mikael Elinder, Henrik Jordahl and Panu Poutvaara, Selfish and Prospective: Theory
and Evidence of Pocketbook Voting, December 2008

2490 Maarten Bosker and Harry Garretsen, Economic Geography and Economic
Development in Sub-Saharan Africa, December 2008

2491 Urs Fischbacher and Simon Géchter, Social Preferences, Beliefs, and the Dynamics of
Free Riding in Public Good Experiments, December 2008



2492 Michael Hoel, Bush Meets Hotelling: Effects of Improved Renewable Energy
Technology on Greenhouse Gas Emissions, December 2008

2493 Christian Bruns and Oliver Himmler, It’s the Media, Stupid — How Media Activity
Shapes Public Spending, December 2008

2494 Andreas Knabe and Ronnie Schob, Minimum Wages and their Alternatives: A Critical
Assessment, December 2008

2495 Sascha O. Becker, Peter H. Egger, Maximilian von Ehrlich and Robert Fenge, Going
NUTS: The Effect of EU Structural Funds on Regional Performance, December 2008

2496 Robert Dur, Gift Exchange in the Workplace: Money or Attention?, December 2008

2497 Scott Alan Carson, Nineteenth Century Black and White US Statures: The Primary
Sources of Vitamin D and their Relationship with Height, December 2008

2498 Thomas Crossley and Mario Jametti, Pension Benefit Insurance and Pension Plan
Portfolio Choice, December 2008

2499 Sebastian Hauptmeier, Ferdinand Mittermaier and Johannes Rincke, Fiscal Competition
over Taxes and Public Inputs: Theory and Evidence, December 2008

2500 Dirk Niepelt, Debt Maturity without Commitment, December 2008

2501 Andrew Clark, Andreas Knabe and Steffen Rétzel, Boon or Bane? Others’
Unemployment, Well-being and Job Insecurity, December 2008

2502 Lukas Menkhoff, Rafael R. Rebitzky and Michael Schroder, Heterogeneity in Exchange
Rate Expectations: Evidence on the Chartist-Fundamentalist Approach, December 2008

2503 Salvador Barrios, Harry Huizinga, Luc Laeven and Gaétan Nicodéme, International
Taxation and Multinational Firm Location Decisions, December 2008

2504 Andreas Irmen, Cross-Country Income Differences and Technology Diffusion in a
Competitive World, December 2008

2505 Wenan Fei, Claude Fluet and Harris Schlesinger, Uncertain Bequest Needs and Long-
Term Insurance Contracts, December 2008

2506 Wido Geis, Silke Uebelmesser and Martin Werding, How do Migrants Choose their
Destination Country? An Analysis of Institutional Determinants, December 2008

2507 Hiroyuki Kasahara and Katsumi Shimotsu, Sequential Estimation of Structural Models
with a Fixed Point Constraint, December 2008

2508 Barbara Hofmann, Work Incentives? Ex Post Effects of Unemployment Insurance
Sanctions — Evidence from West Germany, December 2008



2509 Louis Hotte and Stanley L. Winer, The Demands for Environmental Regulation and for
Trade in the Presence of Private Mitigation, December 2008

2510 Konstantinos Angelopoulos, Jim Malley and Apostolis Philippopoulos, Welfare
Implications of Public Education Spending Rules, December 2008

2511 Robert Orlowski and Regina T. Riphahn, The East German Wage Structure after
Transition, December 2008

2512 Michel Beine, Frédéric Docquier and Maurice Schiff, International Migration, Transfers
of Norms and Home Country Fertility, December 2008

2513 Dirk Schindler and Benjamin Weigert, Educational and Wage Risk: Social Insurance vs.
Quality of Education, December 2008

2514 Bernd Hayo and Stefan Voigt, The Relevance of Judicial Procedure for Economic
Growth, December 2008

2515 Bruno S. Frey and Susanne Neckermann, Awards in Economics — Towards a New Field
of Inquiry, January 2009

2516 Gregory Gilpin and Michael Kaganovich, The Quantity and Quality of Teachers: A
Dynamic Trade-off, January 2009

2517 Sascha O. Becker, Peter H. Egger and Valeria Merlo, How Low Business Tax Rates
Attract Multinational Headquarters: Municipality-Level Evidence from Germany,
January 2009

2518 Geir H. Bjennes, Steinar Holden, Dagfinn Rime and Haakon O.Aa. Solheim, ,Large’ vs.
,Small’ Players: A Closer Look at the Dynamics of Speculative Attacks, January 2009

2519 Jesus Crespo Cuaresma, Gernot Doppelhofer and Martin Feldkircher, The Determinants
of Economic Growth in European Regions, January 2009

2520 Salvador Valdés-Prieto, The 2008 Chilean Reform to First-Pillar Pensions, January
2009

2521 Geir B. Asheim and Tapan Mitra, Sustainability and Discounted Utilitarianism in
Models of Economic Growth, January 2009

2522 Etienne Farvaque and Gaél Lagadec, Electoral Control when Policies are for Sale,
January 2009

2523 Nicholas Barr and Peter Diamond, Reforming Pensions, January 2009

2524 Eric A. Hanushek and Ludger Woessmann, Do Better Schools Lead to More Growth?
Cognitive Skills, Economic Outcomes, and Causation, January 2009

2525 Richard Arnott and Eren Inci, The Stability of Downtown Parking and Traffic
Congestion, January 2009



2526 John Whalley, Jun Yu and Shunming Zhang, Trade Retaliation in a Monetary-Trade
Model, January 2009

2527 Mathias Hoffmann and Thomas Nitschka, Securitization of Mortgage Debt, Asset Prices
and International Risk Sharing, January 2009

2528 Steven Brakman and Harry Garretsen, Trade and Geography: Paul Krugman and the
2008 Nobel Prize in Economics, January 2009

2529 Bas Jacobs, Dirk Schindler and Hongyan Yang, Optimal Taxation of Risky Human
Capital, January 2009

2530 Annette Alstads@ter and Erik Fjeerli, Neutral Taxation of Shareholder Income?
Corporate Responses to an Announced Dividend Tax, January 2009

2531 Bruno S. Frey and Susanne Neckermann, Academics Appreciate Awards — A New
Aspect of Incentives in Research, January 2009

2532 Nannette Lindenberg and Frank Westermann, Common Trends and Common Cycles
among Interest Rates of the G7-Countries, January 2009

2533 Erkki Koskela and Jan Konig, The Role of Profit Sharing in a Dual Labour Market with
Flexible Outsourcing, January 2009

2534 Tomasz Michalak, Jacob Engwerda and Joseph Plasmans, Strategic Interactions
between Fiscal and Monetary Authorities in a Multi-Country New-Keynesian Model of
a Monetary Union, January 2009

2535 Michael Overesch and Johannes Rincke, What Drives Corporate Tax Rates Down? A
Reassessment of Globalization, Tax Competition, and Dynamic Adjustment to Shocks,
February 2009

2536 Xenia Matschke and Anja Schéttner, Antidumping as Strategic Trade Policy Under
Asymmetric Information, February 2009

2537 John Whalley, Weimin Zhou and Xiaopeng An, Chinese Experience with Global 3G
Standard-Setting, February 2009

2538 Claus Thustrup Kreiner and Nicolaj Verdelin, Optimal Provision of Public Goods: A
Synthesis, February 2009





