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Most studies of the optimal provision of public goods or the excess burden from taxation
assume that individual utility is independent of other individuals' consumption. This paper
investigates public good provision and excess burden in a model that allows for
interdependence in consumption in the form of status (relative consumption) effects. In the
presence of such effects, consumption and labor taxes no longer are pure distortionary taxes
but have a corrective tax element that addresses an externality from consumption. As a result,
the marginal excess burden of consumption taxes is lower than in the absence of status effects,
and will be negative if the consumption tax rate is below the ”Pigouvian” rate. Correspondingly,
when consumption or labor tax rates are below the Pigouvian rate, the second-best level of
public goods provision is above the first-best level, contrary to findings from models without
status effects. For plausible functional forms and parameters relating to status effects, the
marginal excess burden from existing U.S. labor taxes is substantially lower than in most prior
studies, and is negative in some cases.
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1. Introduction

Most analyses of optimal provision of public goods or of the excess burden of taxation regard individual utility as
depending directly on one's own consumption and leisure. However, utility can depend directly on the consumption or
income of others. Several studies have explored the significance of this interdependence in consumption. The earliest work
tended to be theoretical. For example, almost 30 years ago Boskin and Sheshinsky (1978) and Layard (1980) explored
theoretically how optimal redistributive taxation is affected when individual utility depends on one's relative income or
consumption. Recently, a number of studies have aimed to assess empirically the extent to which individual utility depends
on others' consumption or income. In particular, several studies have sought to determine the strength of a particular
form of interdependence here termed the status effect — the utility-impact of one's consumption relative to others'
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consumption.2 Such studies can be divided into two categories: studies based on survey-experimental methods, and
studies based on econometric analyses of panel data on individuals' incomes and self reported happiness. Studies falling
into the former category include Alpizar et al. (2005), Carlsson et al. (2007), Johansson-Stenman et al. (2002, 2006), and
Solnick and Hemenway (1998, 2005). Studies in the latter category include Ferrer-i-Carbonell (2005), Luttmer (2005),
McBride (2001), and Neumark and Postlewaite (1998).

Prior theoretical and empirical studies have shed important light on the implications of status effects for happiness (Easterlin,
1995; Frank, 1985; Frank, 1999; Scitovsky 1976), economic growth (Abel, 2005; Brekke and Howarth, 2002; Carroll et al., 1997; Liu
and Turnovsky, 2005), asset pricing (Abel 1990, 1999; Campbell and Cochrane, 1999; Dupor and Liu 2003), optimal tax policy over
the business cycle (Ljungqvist and Uhlig, 2000), and optimal redistributive taxation (Boskin and Sheshinsky, 1978).

Status effects also have important implications for the excess burden of taxation and the optimal provision of public goods.
Although other authors have examined this point3, we know of no prior study that rigorously analyzes how status effects
influence the excess burden and the optimal first-best and second-best levels of public goods provision. This is the focus of the
present paper. We develop a theoretical model to examine optimal public goods provision and excess burden in the presence of
status effects. In addition, we incorporate recent estimates of status effects in the model to explore their quantitative implications
for excess burden.

Status effects imply that an individual's increase in consumption imposes a negative externality on other individuals by
reducing others' relative economic position. Under these conditions, a consumption or labor tax functions both as a device for
raising revenue and as an instrument for correcting the negative consumption externality. This paper's analytical framework
recognizes these two aspects of consumption and labor taxes and demonstrates rigorously the idea, suggested in prior literature,
that status effects lower the marginal excess burden from labor and consumption taxes. In addition, the paper offers three other
main results related to status effects.

First, the sign of the marginal excess burden from a consumption (labor) tax depends on the magnitude of the tax relative to
the marginal consumption externality. If the consumption tax rate equals the “Pigouvian” rate (marginal external cost), the
marginal excess burden from the tax is zero. The marginal excess burden is negative (positive) if the tax rate is below (above) the
Pigouvian rate.

Second, if the second-best optimum involves consumption tax rates above (below) the corrective rate, the marginal excess
burden of the tax is positive (negative) and the second-best optimal level of public goods provision is below (above) the first-
best level.

Finally, empirical evidence suggests that status effects are large enough to imply a marginal excess burden of consumption
(labor) taxes significantly lower than the value obtained in studies that assume no such effects. Indeed, themarginal excess burden
is negative in some plausible cases.

Our paper is related as follows to the prior literature on excess burden and public goods provision. Applying a general
framework similar to that in Gronberg and Liu (2001), it extends the discussion of the first-best and second-best levels of optimal
public goods provision (Atkinson and Stern, 1974; Bartolomé, 2001; Batina and Ihori, 2005; Chang, 2000; Diamond and Mirrlees,
1971; Gaube, 2000, 2005; Gronberg and Liu, 2001; King, 1986; Stiglitz and Dasgupta, 1971; Wildasin, 1984; Wilson, 1991a,b).

These papers demonstrate that in important cases the second-best level of public good provision is below the first-best level, as
suggested by Pigou (1947). However, they show that Pigou's idea was not fully general, as they present exceptions to the classic
second-best results, where the second-best level of the public good is greater than the first-best level.

The exceptions center upon three arguments. First, public goods may have desirable consequences for the income distribution
(King, 1986; Batina, 1990; Gaube, 2000). Second, complementarities between the public good and a taxed private good may rise
public spending beyond the first-best level (Diamond andMirrlees,1971; Atkinson and Stern,1974; King 1986; Batina,1990). Third,
a rise in public goods provision lowers the excess burden, as a larger portion of resources is transferred from the distorted private
sector to the undistorted (controlled) public sector (Wilson 1991b).4

All of these effects may lower the social marginal cost of a public good. The lowering of the social cost, in turn, potentially gives
rise to the case where the second-best level of the public good is greater than the first-best level. Sufficient conditions for such an
exception to occur are discussed in Chang (2000)5 and Gaube (2000, 2005).

Our paper also contributes to the literature on optimal taxation in the presence of externalities. Status effects imply that an
individual's consumption generates negative externalities by lowering others' relative consumption. We derive optimal
consumption taxes in the presence of this externality, in first-best and second-best settings. In some respects our approach
resembles the seminal work of Sandmo (1975), who derived the optimal first- and second-best taxes when production or
consumption of one of the goods involves an externality. However, in contrast with Sandmo's analysis our paper considers not only
optimal tax rates but also themarginal excess burden of a consumption (or labor) tax, and treats the level of public goods provision
2 The concern for one's economic status relative to that of others is sometimes termed a “positional concern.” (See, for example, Alpizar et al., 2005; Brekke and
Howarth, 2002; Hirsch, 1976; Frank, 1985, 1999; Solnick and Hemenway, 2005.) The status effects discussed in this paper derive from a particular positional
concern: namely, the concern for one's own consumption relative to others'.

3 Important references include Howarth (1996), Ng (1987), Ng and Wang (1993).
4 A different counterexample to the classic second-best ordering is provided by Gronberg and Liu (2001), who present a case where indifference curves exhibit

a kink at the equilibrium, and consumers must be taxed to be induced to consume at this kink.
5 Chang (2000) carefully develops relationships between the rule issue (which considers the question whether the social marginal cost of a public good is

higher or lower than its production cost) and the level issue (which relates to the question whether the second-best level of the public good is lower or greater
than the first-best level).
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as endogenous rather than fixed.6 We show that status effects unambiguously reduce the excess burden relative to what would be
the case if such effects were absent. This confirms an idea suggested informally by Ng (2000, p.263).

Section 2 of the paper presents the model. Section 3 considers optimal tax rates in the presence of status effects, first-best, and
second-best allocations. Section 4 discusses the impact of status effects on the excess burden. Section 5 establishes the relationship
between the level of the consumption tax rate, the sign of the marginal excess burden, and the relation of the first-best to the
second-best level of public goods provision. Section 6 incorporates empirical information from other studies on the strength of
status effects to suggest the quantitative implications of such effects for public good provision and excess burden. Section 7 offers
conclusions. Appendix A provides proofs for all propositions.

2. The economy

We consider an economy with NN0 consumers (households), two private commodities, and a pure public good. The private
commodities, a consumption good and leisure, are respectively denoted by c and l. The public good is denoted by G. A
representative household7 has preferences over consumption (including relative consumption), leisure, and a pure public good.
The public good is strictly separable from private goods in the household's utility function U:
6 Also
7 The

discusse
8 The
9 A re

Howeve
consum
relation
activitie
10 Par
U ¼ u c; l; r; gð Þ þ g G;Wð Þ: ð1Þ
butility u(c, l, r; γ) is a function of one's own absolute consumption, c, of leisure, l, and of relative consumption, r:
Su
ru
c
c̄;

ð2Þ

c− denotes average consumption of the society. Status effects here are concerns about relative consumption. In this
where
formulation, a change in given individual's consumption affects his utility both directly and by affecting relative consumption. The
parameter γ∈ [0, 1) measures the strength of the impact of relative consumption on individual utility. In particular, γ is chosen so
as to represent themarginal degree of positionality, i.e., the fraction of themarginal utility of consumption stemming from increased
relative consumption.8 If γN0 utility depends positively on relative consumption. For example, if γ=0.2, 20% of marginal utility of
consumption comes from increased relative consumption, whereas 80% stems from increased absolute consumption (holding fixed
the level of relative consumption).

Various studies indicate that status effects are stronger for consumption goods than for leisure. In particular, Carlsson et al.
(2007), Solnick andHemenway (1998), and Solnick andHemenway (2005), find that leisure time is the least “positional” (that is, has
the lowest status effect) of all the goods investigated. As pointed out byCarlsson et al. (2007), themarginal degree of positionality for
leisure is not statistically larger than zero at the 10% levels. In accordance with the empirical evidence, we adopt the simplifying
assumption that households care about status with regard to the consumption good, but not with regard to leisure.9

The following assumptions are imposed on the subutility function u:10

(A.1). u(c, l, r; γ) is twice continuously differentiable on ℝ3
þ;

(A.2). ui(c, l, r; γ) N 0, (i=1, 2), and u3(c, l, r; γ) ≥ 0;

(A.3). u(c, l, r; γ) and u(c, l, 1; γ) are strictly quasiconcave in (c, l);

(A.4). u(c, l, 1; γ) = u(c, l, 1; 0) is homothetic.

Utility increases in consumption and leisure, according to (A.2). If γN0, utility also rises in relative consumption. Notice that
utility grows if in a symmetric allocation (c=c−) both own consumption and average consumption increase by the same amount.
That is, (uc+u3 rc−)|c= c−=u1N0. In this situation utility rises by u1, as relative consumption does not change: [rc+ rc−]|c= c−=0.

If r=1, thenγdoes not affect utility, according to assumption (A.4). This assumption restricts preferences to the classwhere utility is
independent of positional concerns, thereby of γ, only in a symmetric allocation (c=c−), in which case the utility function becomes
homothetic. The assumption does not imply that any equilibrium allocation – not even a symmetric equilibrium allocation – is
independent of γ. Clearly, any decentralized equilibrium allocationwill depend on γ, even if the equilibrium allocation is symmetric,
because an individual household considers c− as given, and has an incentive to consumemore than c− as long as γN0. In a decentralized
equilibrium, r=1 (by homogeneity of preferences), thus, demands for c and l, and indirect utility are proportional to income (while
, we focus on a broad-based consumption (or labor) tax, whereas Sandmo focused on the optimal system of differentiated commodity taxes.
assumption of a representative household implies uniformity of after-tax incomes. Consumption externalities (status effects) arise nevertheless, as
d below.
marginal degree of positionality is given by: γ=(∂u(.)/∂r) (∂r/∂c)/[(∂u(.)/∂c)+(∂u(.)/∂r) (∂r/∂c)].
lated concern regards the implicit assumption that all goods generate the same status externality per dollar of spending. This is almost certainly not true
r, the general result shown in this paper does not depend on this assumption. The result says that the marginal excess burden is negative when the
er price of c is below the “corrective” consumer price, in which case the first-best level of the public good is smaller than the second-best level. The
of first-best to the second-best level of the public goods depends only on the sign of the marginal excess burden, not on the share of consumption
s that yield external effects.
tial derivatives are denoted as follows: u1≡∂u(c, l, r; γ)/∂c (holding r fixed), u2≡∂u(.)/∂l, u3≡∂u(.)/∂r, rc≡∂r(.)/∂c, and uc≡u1+u3 rc.
.
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necessarily dependent on γ). This allows us to express the excess burden explicitly in terms of indirect utility. Below, we discuss the
significance of this assumption further.11

The subutility function g(G; Ψ) is twice continuously differentiable, increasing, and concave, with g(G; 0)=0. The parameter Ψ
determines the strength of the household's preference for the public good G. We also assume:

(A.5). gΨ (G; Ψ)N0, gG,Ψ(G; Ψ)N0.

In Section 5's Fig. 1 and in Section 6 we parameterize Ψ as the G-elasticity of utility g(.).
The consumption good as well as the public good is produced by private firms that use labor as the only input. The aggregate

production constraint is characterized by a fixed-coefficients transformation function. Without loss of generality, the units of all
goods can be normalized such that the marginal rates of transformation equal unity:
where
thema
Samue

11 An
12 Den
13 The
taxation
N x� lð Þ � C � G ¼ 0; ð3Þ
ω is the total amount of time (labor and leisure) available to each household, and C is the total quantity of the consumption
where

good produced.

3. Optimal tax rates in the presence of status effects

Here we consider optimal tax rates and first-best and second-best allocations.

3.1. The planner's solution

We first use the model to study conditions for social welfare maximization, assuming that social welfare can be evaluated by
means of a Benthamite social welfare function:
W u1;: : :;uN� � ¼ u1 c; l;1; gð Þ þ g1 G;Wð Þ þ : : : þ uN c; l;1; gð Þ þ gN G;Wð Þ ¼ Nu c; l;1;gð Þ þ Ng G;Wð Þ; ð4Þ

superindex i∈{1,…,N} denotes individual households andwhere the last part of the expressionmakes use of the assumption of
where
identical utility functions. A social planner, taking fully into account the externality on all households generated by individual
consumption – thereby considering c=c− (or r=1) –would choose {c, l,G} such as tomaximizeW(u1…,uN). Since eachhousehold has the
same preferences, and thewelfare function is utilitarian, the optimumwill be described by equal treatment: C=Σi=1

N ci=N c. Assumption
(A.4) implies:W (u1…, uN)=N u(c, l, 1; 0)+N g(G;Ψ). Consumption, leisure, and public goods provision are derived from:
c; l;Gf g ¼ arg max
c;l;G

WjN x� lð Þ � Nc� G ¼ 0f g:

e planner's outcome can be characterized by the following conditions:
Th
u1

u2
¼ 1; ð5Þ

N
gG G;Wð Þ

u2
¼ 1; ð6Þ

c x� G=Nð Þ þ l x� G=Nð Þ ¼ x� G=N; ð7Þ

ui≡ui(c(ω−G/N), l(ω−G/N), 1; 0), i=1, 2. Eq. (5) states that the marginal rate of substitution of consumption for leisure equals
rginal rate of transformation (unity). In Eq. (5), the social planner takes the consumption externality into account. Eq. (6) is the
lson rule for optimal public goods supply, requiring the equality between the sum (over all households) of the marginal rate of
ution of the public good for leisure and the marginal rate of transformation (unity). Eq. (7) restates the resource constraint.
substit

Notice that assumption (A.4) implies that c and l are independent of γ in the planner's outcome. The planner implements a
symmetric allocation, because preferences are assumed to be homogeneous across households. Therefore, by (A.4), the optimal
allocation {c, l,G} is not affected byγ. This facilitates the following analysis. Themarket outcome, however, is affected byγ, as individual
households assume c− to befixed andnot to be equal to their individual consumption, regardless of their respective consumption choice.
The distortion from the consumption externality increases in γ and so does the optimal tax, as will be shown below.

3.2. Optimal taxes in a market economy

Next, we characterize market equilibria with taxes and transfers.12 The wage rate (numeraire) is set equal to one.13 The
consumer price of the private good (in terms of hours of work) is q=1/(1−τ), where τ is the consumption tax rate. A lump-sum tax
(transfer) is denoted by t.
example satisfying assumptions (A.1)–(A.4) is: u ¼ a ĉ
r�1
r þ 1� að Þlr�1

r

h i r
r�1

, where ĉ≡crγ/(1−γ).
ote exogenously given producer prices of c and G by (p, pG). By our normalization, (p, pG)=(1,1).
problem can be equivalently restated with awage tax instead of a consumption tax. Common practice in the literature, however, is to adopt the commodity
model in which labor (leisure) is taken to be the numeraire. See, e.g., Atkinson and Stern (1974), Gronberg and Liu (2001), Stiglitz and Dasgupta (1971).
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As the public good enters the individual utility functions in a weakly separable way, the optimization problem can be solved on
two levels byembedding a household problemwithin the government's problem (see, for example, Barten and Boehm1982, p.400).

3.2.1. First-best solution
The government can achieve the first-best if it has a lump-sum tax aswell as the consumption tax as instruments. A household's

budget constraint is ω− t−q c− l=0. Because the public good enters the utility function U in a separable way, the Marshallian
demands of c and l are independent of G.

The household's problem consists of choosing respectively c and l:
14 The
15 As p
tax rate
conditio
c; lf gu arg max
c;l

u c; l; r;gð Þjx� t � qc� l ¼ 0f g:

e first-order condition for the market outcome is:
Th
uc

u2
¼ u1 þ u3rc

u2
¼ q: ð8Þ

v denote the indirect utility function. The resulting Marshallian demand and indirect utility functions are:
Let
c ¼ c q;x� t; c̄; gð Þ; l ¼ l q;x� t; c̄ ; gð Þ; v ¼ v q;x� t; c̄ ;gð Þ;

(ω− t) is the net full income (after-tax value of the labor endowment) of a household.14
where
Ex post solutions. Since preferences and endowments of all households are equal, the equal treatment property holds ex post

(in equilibrium), and c=c−. Note that even though the market outcomewill involve equality between c− and c, the household regards
c as its choice variable (and thus endogenous), while considering c− as exogenous. Let a tilde denote ex post solutions: that is, c~(q,
ω− t; γ) is the solution to c−c(q, ω− t, c; γ)=0, and l

~
(q, ω− t; γ)= l(q, ω− t, c~(q, ω− t; γ); γ). Ex post (equilibrium) solutions can then

be written as:
c̃ ¼ c̃ q;x� t; gð Þ; l̃ ¼ l̃ q;x� t;gð Þ; ṽ ¼ ṽ q;x� t; gð Þ:

P andM respectively signify the planner's and themarket outcome. The corrective (Pigouvian) consumption tax rate, τ̂, is:
Let
ŝu
u3rc

u1 þ u3rc jM ¼ g: ð9Þ

eral remarks are in order.15 First, the corrective tax rate amounts to the marginal social damage of an extra unit of
Sev
consumption (by a household). To see this, we express the corrective tax rate as:
ŝ ¼ �
XN
i¼1

uc̄
i

ui
c

A c̄
Acj j

c¼ c̄

¼ �
XN
i¼1

uc̄
i

ui
c

1
N j

c¼ c̄

¼ �uc̄

uc jc¼ c̄

¼ �u3rc̄
uc j

c¼ c̄

¼ u3rc
u1 þ u3rc

¼ g;

i and j are indexes referring to individual households. A marginal increase in household j's consumption implies an increase
where
in c− by 1/N units. The social damage from this increase is equal to the sum over all households of the marginal willingnesses to pay
(uc−/uc) for avoiding this rise in c−.

Second, the corrective tax rate corresponds to the marginal degree of positionality, γ (see footnote 8). The marginal social
damage of a household's rise in consumption is given by u3 rc−. In equilibrium, c=c−, and −rc−|c= c−=rc|c= c−=1/c. Therefore, the
numerator of the tax term, −u3 rc−|c= c−, equals the numerator of the term for the marginal degree of positionality, u3 rc|c= c−. As the
denominators of both terms are equal as well, τ̂=γ.

Third, the corrective consumer price becomes: q̂≡1/(1− τ̂)=(u1+u3 rc)/(u1)|M. For γ=0 we have u3=0 (i.e., relative consumption
does not affect individual utility), in which case τ̂=0, and q̂=1. The corrective consumer price is independent of the household's
income. From (A.4), u(c~(q, ω− t; γ), l

~
(q, ω− t; γ), 1; γ)=(ω− t) u(c~(q, 1; γ), l

~
(q, 1; γ), 1; γ). Thus, the marginal rate of substitution u3

(.)/u1(.) is independent of (ω− t). It is important to note that the Pigouvian tax is also independent of the level of tax revenue. That is,
q̂ is not a function of q. This simplifies the calculation of the optimal tax program.

In the first-best case (with a lump-sum tax available), the government sets τ= τ̂: that is, it sets the consumption tax equal to the
corrective consumption tax rate. The government's problem is to choose optimal values for t and G:
t;Gf gu arg max
t;G

ṽ q̂;x� t;g
� �þ g G;Wð ÞjNt þ N q̂� 1

� �
c̃ q̂;x� t; g
� � ¼ G

� �
:

demand functions explicitly depend on c−, as rc=1/c ̄ enters the first order condition (8).
ointed out by a referee, it is important to note that the assumption of a unique value of γ across households has significant implications for the Pigouvian
. Suppose there were several groups of households with differing degrees of positionality. Then the first-best commodity tax rate would need to be
ned on the γ-characteristic of a household. Such a consumption program is not likely to be feasible in practice.
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The resulting Samuelson condition is
which

the fir
c~(q̂,ω

16 Firs

is deriv
N
gG G;Wð Þ

u2
¼ 1; ð10Þ

, together with the government budget constraint, yields

Nt þ N q̂� 1
� �

c̃ q̂;x� t; g
� � ¼ G; ð11Þ

st-best level of public goods provision, G⁎, and the optimal lump-sum tax (transfer), t⁎.16 It holds that N t⁎+N (q̂−1)
− t⁎; γ) =G⁎. In the first-best case, the government sets the consumption tax rate equal to τ , and the level of public
provision equal to G⁎.
goods

Consider the special case where the revenues from corrective consumption taxation exactly equal the necessary revenue to
make up for the first-best level of public goods provision. In this case t⁎=0 and G⁎=N ω (1−ζ), where ζ≡ [1− (q̂−1) c~(q̂, 1; γ)] is the
share of income net of corrective taxation to full income (ω). More generally, if revenues from corrective consumption taxation fall
short of (exceed) the revenue needed for the first-best level of public goods provision, then t⁎N0 (t⁎b0).

The conditions characterizing the market outcome in the first-best case are the two first first-order conditions (8), (10), the
government budget constraint (11), and the household budget constraint:
q̂ c̃ q̂;x� t; g
� �þ l̃ q̂;x� t; g

� � ¼ x� t: ð12Þ
Lemma 1. The market economy can be induced to attain the first-best marginal rate of substitution of consumption for leisure, Eq. (5),
by implementing the corrective tax τ̂.

By implementing the corrective tax τ , and considering the government budget constraint, N t⁎+N (q̂−1) c~(q̂, ω− t⁎; γ)=G⁎, the
market economy can be induced to attain the first-best optimal allocation {c, l, G}, as characterized by conditions (5)–(7).

Lemma 1, whose proof is given in Appendix A, shows that {τ̂, t⁎}, as defined for the government's problem above, represents the
first-best policy. It is worth noting that Lemma 1 implies:
u1

u2
j
M

b

N
1fq

b

N
q̂:

see this, consider first q= q̂. In this case, (u1)/(u2)|M=(u1)/(u2)|P=1, where the first equality follows from Lemma 1 and the
To
second equality is due to first first-order condition (5). In words: The marginal rate of substitution of consumption for labor
equals the marginal rate of transformation. As q= q̂, the rates in the market outcome equal those in the planner's outcome.
A rise in q lowers the consumption–leisure-ratio, and thereby raises (u1)/(u2)|M. Thus, if qN q̂, (u1)/(u2)|MN1. Similarly, if
qb q̂, (u1)/(u2)|Mb1.

3.2.2. Second-best solution
In the second-best case, no lump-sum taxes (or transfers) are available. The only revenue instrument available to the

government is a consumption tax. With a consumption tax in place, the household's problem becomes:
c; lf guargmax
c;l

u c; l; r; gð Þjx� qc� l ¼ 0f g:

a given tax rate τ, the conditions describing a second-best equilibrium are:
For
u1 þ u3rc
u2

¼ q; ð13Þ

x� qc� l ¼ 0: ð14Þ

e resulting Marshallian ex post demand and indirect utility functions are:
Th
c̃ ¼ c̃ q;x;gð Þ; l̃ ¼ l̃ q;x;gð Þ; ṽ ¼ ṽ q;x;gð Þ:
the utility function is separable, the demand functions are independent of G.
As
t order condition (10), which can equivalently be written as

ṽ q̂;1; g
� �

N 1� q̂� 1
� �

c̃ q̂;1; g
� �� � ¼ gG G;Wð Þ;

ed in Appendix A.
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The government's problem in the second-best case consists of choosing {τ, G} or, equivalently, {q, G}:
17 Sim
and β i
u2=N g
18 As R
q;Gf gu arg max
q;G

ṽ q;x; gð Þ þ g G;Wð ÞjN q� 1ð Þ c̃ q;x; gð Þ ¼ Gf g:

e resulting second-best level of public goods provision is denoted G⁎⁎. The level of G⁎⁎ is determined by the following first-
Th
order condition:
NgG G⁎⁎;W
� 	

Rq q;x;gð Þdq ¼ �ṽq q;x; gð Þdq; ð15Þ

Rq (q,ω; γ)=c~(q,ω; γ)+(q−1)c~q (q,ω; γ) is the change in revenue due to a marginal increase in the consumption tax rate. To
where
interpret condition (15), note the following. Amarginal increase of the tax rate raises revenue (thus the level of public goods) by Rq.
Thus the marginal utility of the increase in G financed by a marginal increase of the tax rate is given by N gG(.) Rq (.). The right hand
side of Eq. (15) represents the loss in utilitywhen the consumption tax rate ismarginally raised. The increase of q by dq is equivalent
(in terms of utility) to a decline in income by both the tax revenue and the associated excess burden: dR+dEB. The excess burden, in
turn, will be lower than in models without status effects, for reasons given in the following section. As the public good benefits all
households, first-order condition (15) requires the marginal benefit to society of an increase of the public good stemming from a
marginal rise of the tax rate to be equal to every household's loss in marginal utility due to the marginal rise of the tax rate.17

4. Excess burden and status effects

In this section we show that status effects reduce the excess burden of a consumption tax. Moreover, the marginal excess
burden is negative (positive) when qb q̂ (when qN q̂). Here we consider the excess burden associated with a givenmagnitude of the
status effect (as measured by γ) and a given consumption tax rate, τ (or corresponding q). Here we apply arbitrary values for τ:
Section 5 will examine optimal second-best levels for τ and the public good.

Definition 1. The excess burden, EB, of a tax is the difference between the negative of the equivalent variation and the tax revenue collected.

Thus, the excess burden is the loss to the private sector over and above the revenue collected by the tax.
The marginal excess burden (MEB) measures the change in the excess burden per marginal unit of tax revenue.

Definition 2. The marginal excess burden is defined as MEB(q, ω; γ)≡dEB(q, ω; γ)/dR(q, ω; γ).

Throughout the rest of the paper, we employ the following additional assumption:

(A.6). dR(q, ω; γ)/dqN0.

That is, the tax revenue is increasing in q, so we consider the increasing part of the Laffer curve. By (A.6), the sign of the MEB
equals the sign of dEB/dq.18

In the absence of status effects, the excess burden is implicitly defined by: v(1, ω−EB−R; 0)=v(q, ω; 0), where R=(q−1) c~(q, ω;
0).With the externality, the excess burden is the difference between the negative of the equivalent variation and the net tax revenue
collected, when the Pigouvian tax is initially set to correct for the externality:
ṽ q̂;x� EB� R� R̂
� 	

;g
� 	

¼ ṽ q;x; gð Þ: ð16Þ

o remarks are in order. First, the excess burden is zero when the tax is set to correct the externality: q= q̂. Second, with q= q̂,
Tw
the government receives “corrective” revenue R̂=(q̂−1)c~(q̂, ω−EB− (R− R̂); γ)≥0. That is, the excess burden at qN q̂, is the difference
between the equivalent variation and the tax revenue in excess of the corrective tax revenue: (R− R̂). As shown in Appendix A, the
excess burden is explicitly given by:
EB q;x; gð Þ ¼ ṽ q;x;gð Þ� c̃h q;1; gð Þ þ l̃h q;1; gð Þ � c̃h q̂;1; g
� �� l̃h q̂;1;g

� �h i
; ð17Þ

superscript h denotes Hicksian (compensated) demands. Clearly, the excess burden is nonnegative: EB(q, ω; γ)≥0, and
where
EB(q̂, ω; γ)=0. The equality is seen immediately in (17). The inequality becomes obvious when we consider Lemma 1, which
implies [1−u1/u2]e0⇔qf q̂:
d=dq c̃h q;1; gð Þ þ l̃h q;1; gð Þ
h i

¼ c̃ q
h þ l̃ q

h ¼ c̃q
h � u1=u2 c̃q

h ¼ c̃q
h 1� u1=u2ð ÞN

b
0fq

N

b
q̂:
ilar to Sandmo (1975), the second-best tax rate on c is equal to τ ⁎⁎=(1−µ)(−ε−1qc)+µ[u3 rc/(u1+u3 rc)], where µ=λ/β, λ is the marginal utility of income
s the marginal benefit to society of an increase of the public good. The first best and second-best levels of τ coincide if and only if λ=β=N gG (G; Ψ)f
G(G; Ψ), which corresponds to (10) above. In this case µ=1, and τ⁎⁎= τ̂.
q (q)N0, we can express q as a function of R: q=q(R), with q′(R)=1/R′(q)N0 by the Inverse Function Rule. Thus, MEB=EBR=EBq q′(R)=EBq/R′(q).
,
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erefore EB(q, ω; γ) is nonnegative throughout. Intuitively, if τb τ̂, the tax system is characterized by a Pigouvian tax plus a
Th
distortionary subsidy. If, however, τN τ̂, the tax system is characterized by a Pigouvian tax plus a distortionary tax. In both cases, the
distortion leads to a positive excess burden.

Proposition 1. Holding the consumption tax rate constant and if qN q̂, the excess burden is lower, the stronger are status effects.

Status effects lower the excess burden associated with a given consumption (labor) tax rate. In particular, the excess burden is
lower in an economy with status effects (γN0) than in an economy without status effects (γ=0). The reason is that the tax corrects
for the negative externality associatedwith consumption, whichworsens the relative position of other individuals. The externality-
correcting feature of the tax yields an improvement in allocative efficiency. Thus, the tax implies a lower excess burden thanwould
have resulted without status effects.

Proposition 2. Themarginal excess burden is negative (positive) for tax rates below (above) the corrective tax rate, that is, for qb q̂ (qN q̂).

(The proof is in Appendix A.) The consumption externality introduces the possibility of a negative excess burden. If qb q̂ the tax
system is characterized by a Pigouvian tax plus a distortionary subsidy. A rise in the consumption tax rate lowers the distortionary
subsidy (thus, implying a negative marginal excess burden).19

5. Preferences, excess burden and optimal public goods provision

We now examine how preferences for the public good, along with the strength of status effects, influence the second-best
consumption tax rate, its excess burden, and the relation of first-best to the second-best level of public goods provision.We proceed in
two steps. First, we show that in the second-best setting, the sign of the marginal excess burden of the consumption tax is positive
(negative) when the second-best level of public goods provision is below (above) the first-best level. Second, we indicate the effects of
the two exogenous preference parameters γ andΨ on the relation between the first-best and the second-best consumption tax rates.

Step 1. We first consider, in the second-best setting, the relation of first-best to the second-best level of public goods provision
and the sign of the marginal excess burden (irrespective of the values of the exogenous parameters γ and Ψ).

Proposition 3. In the model with status effects, the second-best level of provision of a public good falls short of the first-best level if and
only if the sign of the marginal excess burden is positive.

The Proof of Proposition 3 (see Appendix A) shows the following first first-order conditions of the government's problems in the
first-best and second-best cases:
gG G⁎;W
� � ¼ ṽ q̂;1; g

� �
N 1� q̂� 1

� �
c̃ q̂;1; g
� �� � ;

gG G⁎⁎;W
� � ¼ ṽ q̂;1; g

� �
N 1� q̂� 1

� �
c̃ q̂;1; g
� �� � 1þMEB q;x;gð Þ½ �:

ese expressions indicate that the second-best level of provision of public goods exceeds the first-best level if the sign of the
Th
marginal excess burden is negative.20 For an economywith (status) externalities, Proposition 2 indicates that the second-best level
of provision of public goods exceeds the first-best level (G⁎⁎NG⁎) if qb q̂. Likewise, the second-best level of provision of public
goods is lower than the first-best level if qN q̂ (in the case MEBN0).

Step 2. Here, we consider the impact of the two exogenous parameters γ and Ψ on the relation between the first-best and
the second-best consumption tax rates. The relation between the first-best and the second-best consumption tax rates determines
the sign of the marginal excess burden (Proposition 2), which determines the relationship between the first-best and second-best
levels of public goods provision (Proposition 3).

The parameter γ determines the first-best consumption tax rate, τ̂. According to Eq. (9), τ̂ (0)=0, and τ̂ (γ) is rising in γ and
independent of Ψ. That is, every exogenously given value of γ gives rise to a unique τ̂ (γ).21

The parameter Ψ (strength of preference for G), determines the demand for the public good. The second-best tax rate (tax
revenue) needed to finance the public good increases inΨ. Let τ(Ψ) stand for the second-best consumption tax rate. Then, τ(0)=0,
and τ(Ψ) is rising in Ψ.

The key issue is whether Pigouvian taxation generates enough revenue to meet the demand for the public good or not. If, for a
given value of Ψ, Pigouvian taxation generates revenue that exactly meets the demand for the public good, the marginal excess
burden is zero, and the second-best public good level is equal to the first-best level. However, if, for a given value of Ψ, Pigouvian
N q̂, the marginal excess burden is strictly positive. As shown in the proof, differentiability assumption (A.1) plays an important role for demonstrating this
s a particular case, the marginal excess burden is positive (for qN q̂) for the class of CES utility functions, as was previously shown by Wilson (1991a).
erexample is given by Gronberg and Liu (2001). In their example, however, indifference curves exhibit a kink, that is, u(.) is not twice continuously
tiable, as is required by (A.1).
an economy without externalities, this result was previously shown by Gronberg and Liu (2001).
the employed preferences in this paper, this is trivially true, as τ̂ =γ.



22 Fig. 1 is based on a CES utility function: u=[αĉ (σ−1)/σ+β l (σ−1)/σ]σ/(σ−1)+GΨ, where ĉ≡c (c/c̄)γ/(1 −γ). The parameters are assigned the following values: ω=1
α=1, β=1.5, σ=2. Numerical experimentation shows that the Ψ(γ)|M EB=0-curve is not sensitive with respect to changes in these parameter values.
23 Notice that the marginal benefits are given by: MBP=N gG(G; Ψ) and are independent of q and γ.
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taxation generates revenue less than (in excess of) the demand for the public good, the marginal excess burden is positive
(negative), and the second-best public good level falls short of (exceeds) the first-best level.

In other words, any exogenously given value of γ implies a specific value for τ̂(γ). Given this value for γ, there exists a unique
value of Ψ, such that τ(Ψ)= τ̂(γ). For any lower Ψ, τ(Ψ)b τ̂(γ); likewise, for any higher Ψ, τ(Ψ)N τ̂(γ).

The stronger the preference for the public good (the higher the Ψ), the higher is the second-best tax rate (revenue) needed to
finance the public good. The stronger the preference for status (the higher the γ), the higher is the Pigouvian tax rate. Clearly, there
exist parameter-pairs of γ and Ψ, such that τ(Ψ)= τ̂(γ), or q= q̂. For all such pairs, the marginal excess burden equals zero. In Fig. 1
below, all such parameter-pairs are represented by the “Ψ(γ)|MEB=0-curve” in (γ, Ψ) space.

Proposition 4. In (γ, Ψ) space, the Ψ(γ)|MEB=0-curve has a positive slope. Moreover, Ψ(0)|MEB=0=0. Along this curve, G⁎=G⁎⁎. For all
(γ, Ψ) pairs above this curve, MEBN0, and G⁎NG⁎⁎. For all (γ, Ψ) pairs below this curve, MEBb0, and G⁎bG⁎⁎.

Fig. 1 illustrates the results of this section.22 It shows that along the Ψ(γ)|MEB=0-curve, τ= τ̂, or q= q̂ (by Proposition 2), and
G⁎=G⁎⁎ (by Proposition 3), as the Pigouvian taxation generates revenue that exactly meets the first-best (second-best) level of the
public good. TheΨ(γ)|MEB=0-curve has a positive slope, as a higher γ implies a higher Pigouvian tax rate, and therefore allows for a
higher level of revenues (a stronger preference for public goods, Ψ). Thus, the larger the strength of status effects, the larger is the
range of tax rates for which the marginal excess burden is negative. In the region above theΨ(γ)|MEB=0-curve, qN q̂, and the sign of
the marginal excess burden is positive. However, by Proposition 1, the excess burden is smaller compared to an economy without
status effects. In the region below the Ψ(γ)|MEB=0-curve, qb q̂, and the sign of the marginal excess burden is negative.

If qb q̂, according to Proposition 2,G⁎⁎NG⁎, which is contrary to Pigou's conjecture that the second-best level of public goodwould
be below the first-best level. If qN q̂, Pigou's conjecture holds. Finally, if q= q̂, the marginal excess burden equals zero, and G⁎⁎=G⁎.

5.1. Marginal excess burden and marginal cost of public funds

Thus far, we expressed our results by making use of the marginal excess burden concept. The results can also be expressed in
terms of the marginal cost of public funds, as we show here.

The marginal cost of funds (MCF) is the private sector utility loss from an incremental tax increase, when the revenue is not
returned to the private sector. Following Bartolomé (1999), we measure the welfare loss by the compensating variation. We then
establish the following relationship between the marginal cost of funds (as measured by the compensating variation) and the
marginal excess burden (the derivation is given in Appendix A):
ṽ q̂;1; g
� �

ṽ q;1;gð Þ
1þMEBð Þ

f
¼ MCF; ð18Þ

ζ≡ [1− (q̂−1) c̃(q̂, 1; γ)], 0bζ≤1. Specifically, if γ=0, ζ=1.
where
Several remarks are in order. First, MCF is not generally equal to (1+MEB). Even if γ=0, MCF≠ (1+MEB).
Second, if q= q̂, MEB=0, and MCF=1/ζ. As the marginal excess burden is zero, G⁎⁎=G⁎, according to Proposition 3. Eq. (18) then

shows that public projects should be pursued up to the point where the marginal benefit of a public project (MBP) equals 1/ζ.
Third, suppose qN q̂. Then MCFN1/ζ, as v~(q̂, 1; γ)/v~(q, 1; γ)N1, andMEBN0 (by Proposition 2). That is, MCF is increasing in q, and,

for a given MBP schedule23, fewer projects pass the marginal cost to benefit test. Hence, G must be lower as compared to the case
,
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where q= q̂. This conclusion corresponds to Proposition 3 that shows that the second-best level of provision of a public good falls
short of the first-best level if MEBN0. Similar reasoning holds for the case qb q̂.

Fourth, the expression for themarginal (efficiency) cost of funds in (36) corresponds to Slemrod and Yitzhaki (2001, p.192). This
becomes obvious when applying Roy's identity. For γ=0, the numerator (at the right hand side) becomes c̃(q, ω; γ), which yields
Eq. (7) in Slemrod and Yitzhaki (2001). Furthermore, the MCF can be written as: MCF=[1− |εc̃ ,q|(q−1)/q]−1, where εc~,q represents
the price elasticity of consumption demand. An increase in γ lowers the elasticity and, thereby, the marginal cost of funds: MCF
(γ)NMCF (γ′), for γbγ′. As the marginal benefit of public projects is independent of γ (see footnote 23), the second-best optimal
level of public goods rises in γ.

6. Empirical evidence

In this section, we provide some evidence about what location in the (γ,Ψ) plane might represent that of a typical industrialized
country. Based on the empirical evidence regarding the magnitude of status effects, we suggest that the marginal excess burden lies
well below estimates based on the assumption that households do not derive utility from relative consumption. The strength of status
effects from various studies suggests that the corrective Pigouvian tax rate on consumption can be as high as 30% or 40%. Since many
actual tax rates24 are below 40%, this suggests that in some instances themarginal excess burden of labor taxes maywell be negative.

6.1. Relative income and consumption

Many studies provide empirical evidence supporting the importance of relative consumption (or relative income) for deriving
utility.25 A typical finding is that an increase in neighbors' earnings and a similarly sized decrease in own income each lead to a
reduction in happiness of about the same order (Luttmer, 2005). Another aspect pointed out by various studies is that positional
concerns (status effects) might be smaller at low low-income levels than at high high-income levels. McBride (2001), for example,
uses an econometric approach to find significant evidence in support of the importance of relative income, however, the impact of
relative income on assessments of subjectivewell-being is smaller for households with low low-income levels. While this evidence
is supported by Solnick and Hemenway (2005), Johansson-Stenman et al. (2002) do not find evidence for stronger status effects at
higher income levels (see Table 1).

6.2. Empirical values for the status parameter

The studies employing survey-experimentalmethods generally confront an individualwith two states of theworld, stateA, and state
R. These states differ with respect to two dimensions: absolute income (consumption) of the individual, and income (consumption) of
the individual relative to average income (consumption). In state A, an individual is better off in absolute terms, compared to the other
state. However, relative income (consumption) is smaller compared to state R. In state R, an individual is better off in relative terms.

The subjects are asked to indicate which of the two states they prefer. Solnick and Hemenway (2005) use the following
hypothetical situation. In state R, an individual would earn an annual income of $ 50,000 while a typical member of society would
earn an income of $ 25,000. In state A, the individual would earn an annual income of $ 100,000 while a typical member of society
would earn an income of $ 200,000. Everything else would be equal in both states. A similar questionwas posed for higher income
values (state R: $ 200,000 versus $ 100,000, and state A: $ 400,000 versus $ 800,000). Regarding the low-income (high-income)
question, 33% (48%) of the respondents preferred state R over state A.

Given two states of the world that differ in absolute and relative income (consumption), the implicit degree of positionality, γ̄, is
defined to be that value of γ for which an individual is indifferent between state A and state R: uA(.; γ)̄ =uR(.; γ)̄. If a respondent
prefers state R over state A, it must be the case that uA(.; γ)buR(.; γ), or equivalently, γNγ.̄ Otherwise, if a respondent prefers state
A over state R, γbγ.̄

Given two states of the world that differ in absolute and relative income (consumption), the value of γ̄ depends on the
specification of the utility function. For the estimations of γ shown below, we use the status formulation offered by Dupor and Liu
(2003) and consider the following CES utility function:26
24 Tha
25 Imp
Martins
26 ĉ=[
u ¼ a ĉ
r�1ð Þ=r þ bl r�1ð Þ=r

h ir= r�1ð Þ
þ g G;Wð Þ; ĉuc1= 1�gð Þc̄�g= 1�gð Þ

; ð19Þ

σ denotes the constant elasticity of substitution between ĉ and l. As the whole income is consumed, a respondent is
where
equivalent between states A and R if and only if:
a c1= 1�gð Þ
A c̄�g= 1�gð Þ

A

� 	 r�1ð Þ=r
þbl r�1ð Þ=r


 �r= r�1ð Þ
þ g G;Wð Þ ¼ a c1= 1�gð Þ

R c̄�g= 1�gð Þ
R

� 	 r�1ð Þ=r
þbl r�1ð Þ=r


 �r= r�1ð Þ
þ g G;Wð Þ; ð20Þ
t is, the consumption tax rates equivalent to existing labor taxes and consumption taxes combined.
ortant references include Alpizar et al. (2005), Carlsson et al. (2007), Ferrer-i-Carbonell (2005), Johansson-Stenman et al. (2002), Johansson-Stenman and
son (2006), Luttmer (2005), McBride (2001), Neumark and Postlewaite (1998), and Solnick and Hemenway (1998, 2005).
(cρ−γ c̄ρ)/(1−γ)]1/ρ, and limρ→∞ ĉ=c1/(1 −γ) c̄−γ /(1 −γ).
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Table 1
Empirical estimates of status effects

Study Remarks # Method Probit analysis γ Spearman–Karber γ

Alpizar et al. (2005) 7 R-states with differing implicit degrees of positionality (γī) 283 A 0.43 (0.37–0.48) 0.49 (0.47–0.52)
Carlsson et al. (2007) 3 data sets with different γī 329 A 0.65 (0.54–0.76) 0.53 (0.50–0.57)
Johansson-Stenman

et al. (2002)
7 different γī; low-income and high-income versions of the questionnaire
in addition

356 A 0.36 (0.33–0.39) 0.39 (0.37–0.41)

“Low income” sample, same γī as above but lower individual income levels 90 A 0.37 (0.33–0.42) 0.37 (0.34–0.42)
“High income” sample, same γī as above but higher individual income levels 90 A 0.22 (0.15–0.28) 0.31 (0.27–0.35)

Solnick and
Hemenway (1998)

1 R state; probit sensitivity (see footnote 28): E[γ]=0.26 (0.12–0.39) 238 B 0.28 (0.18–0.37) 0.23 (0.21–0.25)

Solnick and
Hemenway (2005)

1 implicit degree of positionality; probit sensitivity (see footnote 28):
E[γ]=0.15 (0.02–0.29)

226 B 0.20 (0.10–0.30) 0.21 (0.18–0.23)

Notes. — # refers to the number of respondents. Numbers in brackets indicate the 95% confidence intervals. γ̄ is the implicit degree of positionality (γ for which,
according to Eq. (20), the data yield the same utility for both states A and R).
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subindexes respectively indicate states R and A, and c̄ is average consumption. Notice that G and l is the same (and fixed) in
tates, by design of the questions in the survey-experimental studies. Thus, Eq. (20) is equivalent to:

A
cA
c̄ A

� 
g= 1�gð Þ
¼ cR

cR
c̄ R

� 
g= 1�gð Þ
: ð21Þ

the particular example just provided from Solnick and Hemenway (2005), our assumed utility function implies an implicit
In
degree of positionality (in both the low- and the high-income question) of γ̄=1/3. Thus, regarding the low-income (high-income)
question, for 33% (48%) of the respondents, γNγ̄=1/3.

Most empirical studies employ several R-states that differ in the respective level of γ.̄ We use this information to infer values for
γ. We apply twomethods: a parametric method (binary probit analysis), and a non-parametric one (Spearman–Karber method). In
what follows we briefly describe both methods and present the estimates in Table 1.

Probit analysis. We formulate a random parameter model (see Carlsson et al., 2007) and introduce a stochastic term, ε, reflecting
preference uncertainty and choice errors.27 Specifically,
g ¼ hþ e; ð22Þ
ε~N (0, s2) has a Normal distribution, and E[γ]=θ. Given two specific states, A and R, the probability, P, of choosing (preferring)
where

state A equals P [γb γ̄]=P [θ+εbγ]̄ =P [εbγ̄−θ]. Let F (.) be the cumulative distribution function. Then, P [εbγ̄−θ]=F (β0+β1 γ̄),
where β0≡−θ/s and β1≡1/s. Parameters β0 and β1 are estimated as maximum likelihood estimators of the associated probit
model (method A).28 The mean value of the strength of the status effect is then given by: E[γ]=−β0/β1.

Spearman–Karber method. The results obtained from the probit analysis can be questioned for their dependence on a particular
distributional assumption; namely, the assumption that γ follows a normal distribution. Our second approach employs a non-
parametricmethod inwhich the distribution of tastes is determined by the data rather than assumed. In particular, we use the non-
parametric Spearman–Karber method, which in many cases has been shown to be more powerful than probit analysis for
estimating parameters in psychometric functions (Miller and Ulrich, 2001). In Table 1, we also provide Spearman–Karber estimates
for E[γ], and associated 95% confidence intervals.29

Table 1 reports parametric and non-parametric estimates for γ (following the methods described above), based on data of several
studies employing survey-experimental methods. The estimates of themean of γ vary between 0.20 and 0.65. Standard deviations are
calculatedby themultiparameter deltamethod. The 95% confidence intervals are reported inTable 1 in brackets next to the estimates ofγ.

According to the estimates presented in Table 1, we consider γ∈ [0.2, 0.4], a range for the status parameter that is consistent
with the existing survey-experimental evidence.

6.3. Status effects, corrective tax rate, and the excess burden

In the following, we compare the marginal excess burden under the assumption that γ=0, with that occurring in a situation
where γN0, for four parameter sets, which are calibrated as follows.
approach is similar to the random utility approach.
een in Table 1, for some estimates a similar method (method B) is employed. A few empirical studies consider only states associated with a uniform
degree of positionality. For these studies, only one parameter can be identified by the log likelihood function. In these cases, we set β1 (the absolute of the
of the standard error of ε) equal to the mean of all other studies' estimates of β1, and determine β0 as maximum likelihood estimate (method B)
ally, we set β1=−1.68. To consider the sensitivity of this assumption, we provide additional estimates when applying method B. We estimate β0 again
he assumption that β1 is equal to the mean of estimated values for β1 (of −1.68) plus one standard deviation, which amounts to a value of −1.226. The
ed values for γ are lower under the assumption that β1=−1.226, as compared to β1=−1.68.
etailed description of the approach is offered, e.g., in USEPA (1993). Briefly, mean and variance are calculated as follows. Consider k states A and R such
associated implicit degrees of positionality are γ̄0, γ̄1,…, γī,…, γ̄k. Let pi be the proportion of group i individuals that consider γbγ̄i. Make sure that γ̄0
re such that p0=0 and pk=1. Then, E[γ]=Σk −1

i =1 (pi+1−pi)(γī+γ̄i+1)/2. Let ni be the number of group i individuals. Then, the variance is calculated as V[E[γ]]=
(1−pi)(γī+1−γ̄i−1)2/(4(ni−1)).
.



30 Among others, this estimate is used by Auerbach and Kotlikoff (1987) for their analyses of dynamic fiscal policy.
31 For parameter set IA, εcL=0.3 and the labor share equals 0.4 (as calibrated) only when γ=0 and τ=0.2. The compensated labor elasticity and the labor share
attain slightly different values when γN0 or τN0.2. This follows from the fact that the same calibrated values of α, β, σ are applied for all calculations of the
marginal excess burdens (for all considered values of τ and γ), based on parameter set IA. Analogue reasoning holds for the other parameter sets.
32 In between are most other estimates of the marginal excess burden, including Ballard et al. (1985), or Campbell (1975).
33 The impact of status effects on the percentage change of the marginal excess burden is not very sensitive to the compensated elasticity of labor supply. Al
percentage changes derived from Table 2 for εcL=0.3 are quite similar to those for εcL=0.7.

Table 2
Marginal excess burden and status effects

Parameter set IA Parameter set IB

γ γ

0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4

τ 0.2 0.07 0.03 0.00 −0.04 −0.08 0.09 0.05 0.00 −0.05 −0.11
0.3 0.10 0.07 0.04 0.00 −0.04 0.15 0.10 0.05 0.00 −0.06
0.4 0.14 0.11 0.08 0.04 0.00 0.21 0.16 0.11 0.06 0.00
0.5 0.18 0.15 0.12 0.09 0.05 0.27 0.23 0.18 0.13 0.07

Parameter set IIA Parameter set IIB

τ 0.2 0.17 0.09 0.00 −0.09 −0.18 0.28 0.14 0.00 −0.14 −0.27
0.3 0.30 0.20 0.10 0.00 −0.10 0.51 0.34 0.17 0.00 −0.16
0.4 0.46 0.35 0.24 0.12 0.00 0.88 0.66 0.43 0.22 0.00
0.5 0.70 0.56 0.43 0.29 0.15 1.57 1.23 0.91 0.59 0.28

Note. — The marginal excess burden equals zero when the tax rate corresponds to the corrective tax rate. This is this case where τ=γ for the employed utility
function. The parameters underlying the simulations are shown in Table A.1 in the appendix.
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The calibration is based on utility function (19). First, we fix the share of labor supply to full-time labor endowment to 40%:
(ω− l)/ω=0.4. We base our calculations on a full-time labor endowment of 5000 h a year. A household works for about 2000 h a
year, or about 40 h per week.30 Second, we develop four different calibrated data sets according to the compensated elasticity of
labor supply (εcL). Sets IA and IB employ a more conservative estimate of the compensated elasticity of labor supply of εcL=0.3. Sets
IIA and IIB employ an estimate of εcL=0.7. These estimates correspond well with the empirical values reported in Blundell (1992).
Third, we distinguish data sets according to the base value of γ. Sets IA and IIA employ γ=0, and sets IB and IIB employ γ=0.3.
Normalizing α to unity, we calibrate values for β and σ for all four parameter sets at τ=0.2. Those values are shown in Table A.1 in
Appendix A.8.

For all four parameter sets – given the respective values for α, β, σ –we consider five values for the status parameter (γ=0, 0.1,
0.2, 0.3, 0.4), and four values for the tax rate (τ=0.2, 0.3, 0.4, 0.5) each, and calculate the marginal excess burden.31

For γ=0, parameter sets IA and IB (low compensated elasticity of labor supply) imply a marginal excess burden of 7 to 27 cents
(depending on the marginal tax rate), which corresponds to estimates offered by Hansson and Stuart (1985). These estimates can
be viewed as a lower bound for empirical estimates of the marginal excess burden. For γ=0, parameter sets IIA and IIB (high
compensated elasticity of labor supply) imply amarginal excess burden of 17 cents to US$ 1.57, which is more in linewith estimates
given by Browning (1976) that we view as an upper bound on empirical estimates of the marginal excess burden.32

Table 2 presents the marginal excess burdens (in US$) per additional dollar of revenue raised, for four tax rates and several
levels of γ.

Table 2 shows that for all parameter sets, the marginal excess burden decreases substantially in the status parameter γ.
Moreover, it becomes negative, when the actual tax rate falls short of the corrective tax rate.33

In view of the uncertainties regarding the values for γ and εcL, it is not possible to pinpoint the excess burden associated with
any given tax rate τ. However, in light of our assessment that γ is likely to fall within the range of .2 to .4, Table 2 suggests that
status effects have a significant impact on excess burden. In IA, when the consumption tax rate τ is 0.4, the excess burden is 0.14
when there are no status effects, but falls to 0.08 or 0 when γ is 0.2 or 0.4, respectively. Moreover, the possibility of a negative
marginal excess burden cannot be ruled out. In this case, “level reversal” occurs: that is, according to Proposition 3, the second-best
level of public goods provision exceeds the first first-best level.

7. Conclusions

This paper addresses analytically and empirically the implications of status effects for the excess burden of a consumption tax
and for the optimal levels of public goods provision.

The analytical framework indicates that the excess burden of a consumption tax is reduced by the status externality, because
the tax not only serves a revenue-raising purpose but also an externality-correcting purpose. Moreover, for tax rates below the
Pigouvian corrective tax rate, the marginal excess burden becomes negative. A negative marginal excess burden implies that the
second-best level of optimal public goods provision exceeds the first-best level.

In our empirical investigationwe find that a plausible range for the status parameter γ (the marginal degree of positionality) is
between 0.2 and 0.4. When γ is in this range and when utility functions have the CES form, even moderate levels of the status
l
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parameter substantially reduce the marginal excess burden. From these results, one cannot rule out the possibility that the
marginal excess burden is negative.

The model can be extended to account for other potential interdependencies and related externalities, such as network
externalities. Moreover, with minor changes in notation, the model can be applied to a wage tax instead of a consumption tax.

These results raise some general philosophical issues. Even if status effects imply much lower excess burdens than would be
implied by analyses that assume independent preferences, somemight question the normative standing of these results. That is, it
could be argued that envy and other concerns about relative position should not form a basis for deciding on tax rates and public
good levels. This ethical issue is beyond the scope of this paper. However, we would point out that, to the extent that one puts
weight on the criterion of economic efficiency, one seems obliged to take these excess burden results seriously.

We note the following limitations in this analysis. First, households are homogeneous. It would be useful to extend themodel to
consider cases involving heterogeneous households. In addition, while we have taken some steps toward estimating the
magnitude of status effects, considerable scope remains for developing better estimates. Our analysis relied on studies in which
individuals merely indicated which of the two states is preferred. A great deal more information could be obtained – and estimates
of the status parameter could be much improved – if households were asked for preferences across a range of states in which
relative and absolute consumption (or income) were varied systematically.

A related issue regards differing marginal degrees of positionality across consumption goods, in which case a uniform broad-
based consumption tax would not generate a first-best outcome. One question for future research then is to identify the conditions
for which the marginal excess burden is negative.

Notwithstanding these limitations, we hope this study clarifies the impact of status effects on excess burden and public good
provision, both theoretically and empirically, and can contribute to future discussions of tax reform and public goods evaluation.

Appendix A

A.1. Derivation of FOC (10)

By homotheticity (ex post) of preferences, we know that c~(q̂, ω− t; γ) = (ω− t) c~(q̂, 1; γ), l̃ (q̂, ω− t; γ) = (ω− t) l̃ (q̂, 1; γ),
v~(q̂, ω− t; γ)= (ω− t) v~(q̂, 1; γ). Define ζ≡ [1− (q̂−1) c~(q̂, 1; γ)]. Then the government budget constraint can be written as:
which

which
t Gð Þ ¼ G
Nf

� 1� fð Þ
f

x: ð11′Þ

tice that tG≡ (∂t/∂G)=1/(N ζ).
No
The government chooses G such as to maximize (indirect) utility:
V ¼ ṽ q̂;x� t Gð Þ; g� �þ g G;Wð Þ:
tice that ∂v~(q̂, ω− t(G); γ)/∂G=∂(ω− t(G))v~(q̂, 1; γ)/∂G=−tG v~(q̂, 1; γ). Obviously, ∂V/∂G=0 implies Eq. (10′).
No

Equivalently, m=u(c~(q̂, ω− t(G); γ), l (q̂, ω− t(G); γ), 1; γ)+g(G; Ψ). Differentiation with respect to G yields ∂m/∂G=−tG [u1(.) c
~(q̂,

1; γ)+u2 l̃ (q̂, 1; γ)]+gG (G; Ψ). Therefore, ∂m/∂G=0 implies:
u2
u1

u2
j M;q¼ q̂f g c̃ q̂;1; g

� �þ l̃ q̂;1; g
� �
 �

1
Nf

¼ gG G;Wð Þ;

, by Lemma 1 (which is stated after Eq. (12) in the main text), amounts to

u2 c̃ q̂;1; g
� �þ l̃ q̂;1; g

� �h i 1
Nf

¼ gG G;Wð Þ:

e household budget constraint together with homotheticity of preferences implies: q̂ c~(q̂, 1; γ)+ l̃ (q̂, 1; γ)=1. Add [1− q̂ c~(q̂, 1;
Th
γ)− l (q̂, 1; γ)], which equals zero, to the expression in square brackets above:
u2 1� q̂� 1
� �

c̃ q̂;1; g
� �� � 1

Nf
¼ gG G;Wð Þ:

nsider the definition of ζ. Then,
Co
N
gG G;Wð Þ

u2
¼ 1;

is the first-order condition (10).
A.2. Proof of Lemma 1

The first part of Lemma 1 follows directly from Eqs. (5), (8), and (9).
Second part of Lemma 1. Conditions (5)–(7) characterize the planner's outcome. We have to show that Eqs. (8) and (10)–(12)

imply Eqs. (5)–(7). Consider q= q̂, and t= t⁎. Then, we have to prove that the government budget constraint together with the
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household budget constraint (both at τ= τ̂ and t= t⁎) imply the resource constraint. That is34,
1;

34 Inde
demand
35 It is
tax.
x� t⁎ ¼ q̂c̃ q̂;x� t⁎;g
� �þ l̃ q̂;x� t⁎; g

� �h i
1 t⁎þ q̂� 1

� �
c̃ q̂;x� t⁎; g
� � ¼ G⁎=N

� �
Z x� G⁎=N ¼ c 1;x� G⁎=N; gð Þ þ l 1;x� G⁎=N;g

� 	h i
:

the household budget constraint, substitute for the first t⁎: t⁎=G⁎/N− (q̂−1)(ω− t⁎) c~(q̂, 1; γ). The household budget
In
constraint becomes:
x� G⁎=N ¼ c̃ q̂;x� t⁎; g
� �þ l̃ q̂;x� t⁎;g

� �
:

emains to show that
It r
c̃ q̂;x� t⁎; g
� �þ l̃ q̂;x� t⁎;g

� � ¼ c 1;x� G⁎=N; gð Þ þ l 1;x� G⁎=N; gð Þ:

e government budget constraint implies: ω− t⁎=(ω−G⁎/N)/ζ. Therefore, the household budget constraint becomes:
Th
c̃ q̂;x� t⁎; g
� �þ l̃ q̂;x� t⁎;g

� � ¼ x� G⁎=N ¼ f x� t⁎ð Þ; thus;

c̃ q̂;1; g
� �þ l̃ q̂;1; g

� � ¼ f: ð23Þ

notonicity assumption (A.2) implies that for all prices and incomes, the budget constraint binds:
Mo
c 1; f;gð Þ þ l 1; f; gð Þ ¼ f: ð24Þ

. (23) and (24) together:
Eqs
c̃ q̂;1; g
� �þ l̃ q̂;1; g

� � ¼ c 1; f;gð Þ þ l 1; f; gð Þ; or;

c̃ q̂;x� t⁎; g
� �þ l̃ q̂;x� t⁎;g

� � ¼ c 1; f x� t⁎ð Þ; gð Þ þ l 1; f x� t⁎ð Þ; gð Þ:

ζ (ω− t⁎)=(ω−G⁎/N):
As
c̃ q̂;x� t⁎; g
� �þ l̃ q̂;x� t⁎;g

� � ¼ c 1;x� G⁎=N; gð Þ þ l 1;x� G⁎=N; gð Þ: □

rivation of the excess burden and expenditure function
A.3. De

We can (implicitly) define the excess burden by: v~(q̂, ω−EB−Rn; γ)=v~(q, ω; γ), where R is consumption tax revenue, Rn (net
revenue) denotes the consumption tax revenue collected in excess of “corrective tax revenue”, R̂. Formally, Rn≡R− R̂=(q−1) c~(q,
ω; γ)− R̂, where we define R̂ as the solution to R̂− (q̂−1) c~(q̂, ω−Rn−EB; γ)=0.35 Denote the expenditure function by e(.). Then: e
(q̂, v~(q̂, ω−EB−Rn; γ); γ)=ω−EB−Rn (important properties of the expenditure function are given below). Taking Eq. (16) into
consideration,
EB q;x; gð Þ ¼ x� e q̂;ṽ q;x; gð Þ; g� �� Rn q;x; gð Þ: ð25Þ

Next, we rewrite Eq. (25), using the fact that v~(q, ω; γ)=v~(q̂ , ω−EB− (R− R̂); γ):

EB ¼ e q;ṽ q;x; gð Þ; gð Þ � e q̂;ṽ q̂;x� EB� Rn; g
� �

; g
� �� R� R̂

� 	
:

Surely, e(q, v~(q, ω; γ); γ)=v~(q, ω; γ)e(q, 1; γ)= ṽ (q, ω; γ)[q c~h(q, 1; γ)+ l̃ h(q, 1; γ)], and e(q̂ , v~(q, ω; γ); γ)=v~(q, ω; γ)[q̂ c~h(q̂ ,
γ)+ l̃ h(q̂ , 1; γ)]. Also,

R� R̂ ¼ q� 1ð Þ c̃ q;x;gð Þ � q̂� 1
� �

c̃ q̂;x� EB� R� R̂
� 	

; g
� 	

¼ q� 1ð Þ c̃h q;ṽ q;x; gð Þ; gð Þ � q̂� 1
� �

c̃h q̂;ṽ q̂;x� EB� R� R̂
� 	

; g
� 	

; g
� 	

¼ ṽ q;x; gð Þ q� 1ð Þ c̃h q;1; gð Þ � q̂� 1
� �

c̃h q̂;1; g
� �� �

;

ed c(1, ω−G⁎/N; γ)=c(1, ω−G⁎/N; 0), and l(1, ω−G⁎/N; γ)= l(1, ω−G⁎/N; 0), as the planner takes into account that c= c̄, prior to calculating optimal
s.
important to note that the corrective tax revenue, R̂ is not independent of q. A rise in q lowers c~(.) and thereby the tax revenue collected by the Pigouvian
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where the last equality uses homogeneity and the relationship ṽ (q, ω; γ)= ṽ (q̂, ω−EB− (R− R̂); γ). Putting the expressions for
e(q, ṽ (q, ω; γ); γ), e(q̂, ṽ (q, ω; γ); γ), and (R− R̂) together, yields Eq. (17).

Lemma 2. (Expenditure Function) The expenditure function e(q, u; γ) is:

(i) strictly increasing in u and q,
(ii) concave in q,
(iii) strictly increasing in γ.

Properties (i) and (ii) of the expenditure function are standard properties and they can be derived following the usual
approaches in microeconomics textbooks.

Property (iii). Indirect utility decreases in q: ṽq (q, ω; γ)b0. Consider γ′Nγ. As γ indexes the strength of a negative consumption
externality: ṽ (q, ω; γ′)b ṽ (q, ω; γ). As ṽ (.) is continuous, we can find q−bqbq+ such that: ṽ (q, ω; γ′)b ṽ (q−, ω; γ′)= ṽ (q+, ω;
γ)bṽ (q, ω; γ). We also observe that e(q−, ṽ (q−, ω; γ′); γ′)=e(q+, ṽ (q+, ω; γ); γ)=ω. Let v ̄≡ ṽ (q−, ω; γ′)= ṽ (q+, ω; γ). Then: e(q, v ̄;
γ′)Ne(q−, v ̄; γ′)=e(q+, v ̄; γ)Ne(q, v ̄; γ). Thus, e(q, v ̄; γ′)Ne(q, v ̄; γ).

A.4. Proof of Proposition 1

Define Δ≡ [c̃ h(q, 1; γ)+ l̃ h(q, 1; γ)− c̃ h(q̂, 1; γ)− l̃ h(q̂, 1; γ)]. Then, by Eq. (17), the excess burden is:
St
EB q;x;gð Þ ¼ ṽ q;x; gð ÞD; and

dEB q;x;gð Þ
dg

¼ ṽg q;x; gð ÞEB q;x;gð Þ=ṽ q;x; gð Þ þ ṽ q;x; gð ÞDg:
As status effects represent a negative externality, ṽγ(q, ω; γ)b0. Moreover, both the excess burden and indirect utility are
nonnegative. The first term on the right hand side is therefore negative. It remains to show that Δγ |qN q̂ is negative as well. Observe
that c̃γhN0, as every consumer needs to rise consumption to keep utility constant at unity. Moreover, u(c̃h(q, 1; γ), l̃ h(q, 1; γ), 1; γ)≡
1, thus, u1/u2 c̃γ

h+ l̃γh=0. Lemma 1 implies: u1/u2⋛1⇔q⋛q .
dD
dg

¼ c̃ hg q;1; gð Þ þ l̃
h

g q;1; gð Þ ¼ c̃hg q;1; gð Þ � u1

u2
c̃hg q;1; gð Þ ¼ c̃ hg q;1; gð Þ 1� u1

u2

� 

N
b
0fqb

N
q̂: □
A.5. Proof of Proposition 2

The sign of the marginal excess burden is equal to the sign of d EB/d q (see footnote 18). Without loss of generality, we
assume: v(.)N0. We distinguish two main cases: q≤ q̂ (Case 1), and qN q̂ (Case 2). We proceed as follows.

Step 1. Show MEB≤0 if q≤ q̂ (Case 1).
Step 2. Develop a general condition for MEBN0 when qN q̂ (Case 2).
Step 3. Show MEBN0 when qN q̂.

Step 1. Show MEB≤0 when q≤ q̂.
dEB q;x; gð Þ
dq

¼ ṽq q;x;gð ÞEB q;x; gð Þ=ṽ q;x; gð Þ þ ṽ q;x; gð ÞDq;

here Δ is defined as in the Proof of Proposition 1. Indirect utility is nonincreasing in q: ṽq≤0. That is, the first expression on
w
the right hand side above is nonpositive. As v(.)N0, we need to show that Δq≤0 when q≤ q̂ .

First, we note that u(.) is twice continuously differentiable and strictly concave. As shown by Dierker (1982, p. 573), it
follows that compensated consumption is strictly decreasing in q: c̃qhb0. Next, Lemma 1 implies: u1/u2⋛1⇔q⋛ q̂. Therefore, Δ
is decreasing in q when qb q̂, and it does not change in q if q= q̂:
Dq ¼ c̃ hq q;1; gð Þ þ l̃
h

q q;1; gð Þ ¼ c̃ hq q;1; gð Þ � u1=u2 c̃
h
q q;1; gð Þ ¼ c̃ hq q;1; gð Þ 1� u1

u2

� 

N
b
0fN

b
q̂:

Thus, if qb q̂, MEBb0. If q= q̂, MEB=0, as EB|q= q̂=0.
ep 2. Develop a general condition for MEBN0, when qN q̂.
For qN q̂, we want to demonstrate that:

EBq ¼ vq :ð ÞD qð Þ þ v :ð ÞDq qð Þ ¼ v :ð Þ vq :ð Þ
v :ð Þ D qð Þ þ Dq qð Þ


 �
N0:



St

w

re
(2
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+∞
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q=
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We introduce the unit expenditure function: b(q)≡e(q, 1; γ)=q c̃h(q, 1; γ)+ l̃ h(q, 1; γ). As e(q, v(q, ω; γ); γ)≡ω, we know

that v(q, ω; γ) e(q, 1; γ)≡ω (by homogeneity), thus, v(q, ω; γ) b(q)≡ω. Therefore, vq(q, 1; γ) b(q)+v(q, 1; γ) b′(q)=0. From
these considerations, it follows that we need to show:
� bV qð Þ
b qð Þ D qð Þ þ Dq qð ÞN0fb qð Þ

q
Dq qð Þ � bV qð ÞD qð Þ

q
N 0: ð26Þ

ep 3. Show MEBN0 when qN q̂.
(i) As b(q) is strictly concave, it follows that b(q)/qNb′ (q). Thus, a sufficient condition for Eq. (26) to hold is:

dD qð Þ
dq

z
D qð Þ
q

: ð27Þ

Notice that D(q̂)=0, and Dq (q)N0 for all qN q̂. At q̂:

dD qð Þ
dq

¼ D qð Þ � D q̂ð Þ
q� q̂

¼ D qð Þ
q� q̂

N
D qð Þ
q

; q N q̂: ð28Þ

Thus, the sufficient condition (27) holds and the marginal excess burden is strictly positive when the tax rate is raised

from q̂ to any qN q̂, as claimed in Proposition 2.

(ii) If the tax rate is raised from some qN q̂, then the marginal excess burden is positive, if and only if
�ec̃h ;qN
q

q� 1
� eD;q 1þ c̃h q̂ð Þ þ l̃

h
q̂ð Þ

q� 1ð Þ c̃h qð Þ

" #
; ð29Þ

here

ec̃h ;qu
c̃hq qð Þq
c̃h qð Þ

; eD;qu
Dq qð Þq
D qð Þ

present price elasticities. To see this, we observe that D(q)N0 and b(q)N0, and notice that necessary and sufficient condition
6) amounts to: Dq (q)/D(q)Nb′ (q)/b(q). Considering that b(q)=D(q)+(q−1) c̃h(q)+ c̃h(q̂)+ l̃ h(q̂), b′ (q)=Dq(q)+(q−1)c̃qh(q)+c̃h(q),
d employing the definitions for the elasticities from above yields inequality Eq. (29).
Remark. Elasticity εD,qN0, as Dq (q)N0 for all qN q̂. In particular, limq→ q̂ εD,q=limq→ q̂ [q Dq (q)]/D(q)=limq→ q̂ [q Dq,q (q)]/Dq (q)=
. In the derivation, we employ l'Hôpital's rule, as q̂D(q̂)=Dq (q̂)=0. The expression in square brackets on the right hand side of
e inequality is strictly positive (andexceedsunity). The left handsideof inequalityEq. (29) is always strictly positive,whereas the
ght hand side goes to minus infinity as q approaches q̂ (from the right). Thus, inequality Eq. (29) necessarily holds not only for
q̂ (see (i) above) but also for q “close” to q̂.36 □

oof of Proposition 3

ording to Eq. (10′), the first-best level of public goods provision is given by

gG G⁎;W
� 	

¼ ṽ q̂;1; gð Þ
Nf

; ð30Þ

ζ is defined as in the derivation of FOC Eq. (10) above.
where
From Eq. (16) we know that ṽ(q, ω; γ)= ṽ(q̂, ω−EB−R+ R̂; γ). Moreover, R̂=(q̂−1) c̃(q̂, ω−EB−R+ R̂; γ)=(q̂−1)(ω−EB−R) c̃(q̂, 1;

γ)+(q̂−1) R̂ c̃(q̂, 1; γ) (by homotheticity). Using ζ, R̂=(1− ζ)/ζ(ω−EB−R), thus, (ω−EB−R)+ R̂=(ω−EB−R)/ζ. It follows ṽ(q, ω; γ)
= ṽ(q̂, ω−EB−R; γ)/ζ (using homotheticity again). The government's problem, in the second-best case, therefore becomes:
q;Gf gu arg max
q;G

ṽ q̂;x� EB� R;gð Þ=fþ g G;Wð ÞjNR ¼ Gf g:

tice that RqN0 by assumption (A.6), and MEB=EBq/Rq (see footnote 18). Thus, the government's problem gives rise to the
No
following first-order condition:
gG G⁎⁎;W
� 	

¼ ṽ q̂;1;gð Þ
Nf

1þMEB q;x; gð Þ½ �: ð31Þ

m Eqs. (30) and (31) follows that G⁎⁎⋛G⁎⇔MEB(q, ω; γ)⪋0. □
Fro
se” refers to inequality (29) and does not mean small tax rates.



1984 R. Wendner, L.H. Goulder / Journal of Public Economics 92 (2008) 1968–1985
A.7. Proof of Proposition 4

The first-order condition (10′) determines the optimal level of public goods provision. Notice that the government budget
constraint implies: (ω− t⁎) ζ=ω−G⁎/N. Thus, Eq. (10′) can be written as:
Table A
Calibrat

εcL

0.3
0.3
0.7
0.7

Note. α
NgG G;Wð Þ ¼ ṽ q̂;1; gð Þ
f

¼ x� t⁎
� �

ṽ q̂;1; gð Þ
x� t⁎ð Þf ¼ ṽ q̂;x� t⁎;g

� �
x� G⁎=N

¼ ṽ 1;x� G⁎=N; 0
� �

x� G⁎=N
¼ x� G⁎=N

� �
ṽ 1;1; 0ð Þ

x� G⁎=N
¼ ṽ 1;1; 0ð Þ:

serve that the right hand side of the first-order condition is independent of both γ andΨ. Implicit differentiation of the first-
Ob
order condition with respect to Ψ and γ yields:
dW
dg

jMEB¼0 ¼ �
gG;G G;Wð ÞN Rqjq¼ q̂ q̂g þ q̂� 1ð Þc̃g q̂;x; gð Þ

h i
gG;W G;Wð Þ N0: ð32Þ

serve that gG,G(G;Ψ)b0, gG,Ψ(G;Ψ)N0 (from (A.5)), RqN0 (by (A.6)), c̃γN0, and the corrective tax rate increases in γ, (q̂γN0). Thus,
Ob
(dΨ)/(dγ)|MEB=0N0. I.e., Eq. (32) implicitly defines a relationship:Ψ=Ψ(γ). Finally,Ψ(0)=0. SinceMEB=0 along the locusΨ=Ψ(γ), we
know that G⁎=G⁎⁎. At γ=0, G⁎=G⁎⁎=(q̂−1) c̃(q̂, ω; 0)=(1−1)c̃(1, ω; 0)=0, which is obviously fulfilled forΨ=0 only. □

A.8. Benchmark data
.1
ed parameter values

γ β σ Set

0.0 2.813 0.500 IA
0.3 3.107 0.629 IB
0.0 1.371 1.167 IIA
0.3 1.754 1.467 IIB

=1, τ=0.2, (ω− l)/ω=0.4.
A.9. MCF and MEB

We can write Eq. (16) as:
ṽ qþ dq;x; gð Þ ¼ ṽ q̂;xþ R̂ qð Þ þ dR̂� R qð Þ � dR� EB qð Þ � dEB; g
� 	

: ð33Þ

anding the left hand side by a Taylor expansion around (q,ω; γ), and the right hand side by a Taylor expansion around (q̂,ω+ R̂
Exp
−R−EB; γ), and approximating to first-order terms, yield:
ṽq q;x; gð Þdq ¼ �ṽx q̂;xþ R̂ qð Þ � R qð Þ � EB qð Þ;g
� 	

dRþ dEB� dR̂
� 	

:

R̂=(q̂−1)c̃(q̂, 1; γ)[ω−EB− (R− R̂)], it follows: R̂=(ω−EB−R)(1−ζ)/ζ. Therefore, (dEB+dR−dR̂)=(dEB+dR)/ζ. Recognizing further
As
that ṽω (q̂, ω+R(q̂)−R(q)−EB(q); γ)= ṽ(q̂, 1; γ), and observing that (dR+dEB)/dR=(1+MEB) we know:
ṽ q̂;1; gð Þ 1þMEBð Þ=f ¼ �ṽq q;x;gð Þ= dR=dqð Þ: ð34Þ

e measure the welfare loss (MCF) by the compensating variation, d ω, we note: ṽ(q, ω; γ)= ṽ(q+dq, ω+d ω; γ). Expanding the
If w
right hand side around (q, ω; γ) and approximating to first-order terms:
ṽ q;x; gð Þ ¼ ṽ q;x; gð Þ þ ṽq q;x; gð Þdqþ ṽx q;x;gð Þdx: ð35Þ

m the government budget constraint it follows that [1+∂R/∂G]dG=[∂R/∂q]dq. The separability assumption implies: ∂R/∂G=0.
Fro
Therefore, dq=d G/[∂R/∂q]. Using this equation in Eq. (35) and considering ṽω(q, ω; γ)= ṽ(q, 1; γ) (by homogeneity) yields:
MCF ¼ dx
dG

¼ � ṽq q;x; gð Þ
ṽ q;1; gð Þ =

AR
Aq

: ð36Þ

eMCF is equivalent to the ratio of additional tax revenue thatwouldhave been raised if therewerenobehavioral responses to the
Th
actual revenues collected. The difference between numerator and denominator is caused by the substitution effect.
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Taking (34) and (36) together gives the relationship between the marginal excess burden and the marginal cost of funds:
Refere
ṽ q̂;1; gð Þ
ṽ q;1;gð Þ

1þMEBð Þ
f

¼ MCF:
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