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ABSTRACT 

 

According to the traditional public finance literature any tax instrument other than the lump-sum 
tax is inherently distortionary because it alters relative prices. This paper revisits the case of the 
labor income tax and shows that its supposedly distortionary effects are the result of a stringent 
assumption about labor supply behavior. The conventional time allocation model generally 
assumes that taxpayers disregard the marginal benefits of taxation, received in the form of 
additional public goods, in their labor supply responses to the labor income tax. In line with 
previous literature stressing the importance of government spending for labor supply behavior, 
this paper generalizes the time allocation model by describing the behavior of taxpayers that 
consider both the marginal costs and the marginal benefits of the labor income tax. Under this 
(more general) framework the paper derives an efficient (undistorted) solution to the problem of 
determining the optimal amount of public goods, where taxpayers contribute to the public goods 
in accordance to their individual marginal benefits while the relative value of leisure remains 
equal to the pre-tax wage rate.  
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1.  Introduction 

In order to determine the optimal amount of pure public goods the theory of public finance 

distinguishes between the first-best scenario, in which efficient lump-sum taxation is available, 

and the second-best best scenario, in which the financing of public goods relies on other tax 

instruments. The lump-sum tax is considered the only efficient or non-distortionary tax instrument 

because it does not distort relative prices. Accordingly, the first-best solution to the public goods 

problem, traditionally described by the Samuelson’s (1954) condition, is defined by the vector of 

lump-sum taxes and transfers that maximizes social welfare. In general, any other tax instrument 

is said to distort relative prices and prevent the attainment of the first-best solution.  

This paper suggests that tax instruments other than the lump-sum tax, in particular a labor 

income tax, may not be inherently distortionary as it is generally presumed in the literature. The 

reason is that the marginal welfare costs of taxation can plausibly be offset by the marginal 

benefits of taxation that are obtained from government spending on (valuable) public goods. 

Traditional time allocation models generally assume that the marginal benefits of taxation are 

disregarded by the taxpayer in his labor supply response to the tax policy, and as a consequence 

they prevent, by construction, the labor income tax from becoming an efficient benefit tax. In this 

paper we relax this assumption and solve a more general labor supply model. We show that when 

taxpayers consider both the marginal costs and the marginal benefits of taxation the economy can 

reach an efficient solution in which the value of leisure remains undistorted. This result suggests 

that the optimality conditions generally used to describe individual labor supply behavior and the 

government provision of public goods are valid only under very stringent assumptions about 

taxpayers’ preferences. 
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The effect of government spending on labor supply has been the focus of extensive debate 

for several decades. 1 Lewis (1957) suggested that failing to consider the increase in (equivalent) 

income associated with greater public expenditures would be the same as to assume that the 

government spends all tax revenues on goods that are “dumped in the ocean.” He also argued that 

as long as tax revenues are used to provide valuable goods to the community, the net income 

effect of a labor income tax on aggregate labor supply would be zero, and concluded that the tax 

increase would only have a substitution effect. The same idea was further developed by Gwartney 

and Stroup (1983), leading to a rather unusual number of critical reactions. One of the most 

relevant points of contention, shared among others by Bohanon and Van Cott (1986) and Gahvari 

(1986), was that even if it is true that the additional public goods provision can be interpreted as 

an increase in equivalent income, this increase is not equivalent to a greater purchasing power in 

the private goods-leisure space.  

Following this controversy the literature largely rejected the idea that the net effect of tax 

and expenditure policies on aggregate labor supply would consist only of the substitution effect of 

taxation. However, the notion that marginal benefits of taxation could significantly affect labor 

supply behavior through its effect on the standard of living of taxpayers has gained widespread 

support among economists. The so called “budget effects” of the labor income tax on labor 

supply, as opposed to the partial “tax effects,” have been analyzed on theoretical grounds by 

Lindbeck (1982), Snow and Warren (1989), Gahvari (1991), Ahmed and Croushore (1996) and 

Conway (1997). Their work showed not only that the effect of government spending on labor 

supply may be relevant, but also that it reduces the marginal welfare costs of taxation, which in 

turn alters the optimal provision of public goods. Furthermore, these contributions also 

                                                 
1 Through the paper we assume that tax revenues are fully spent on the provision of public goods. Government 
spending is therefore equal to public goods provision and both terms are used interchangeably unless explicitly stated. 
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demonstrated the existence of a substitution effect of public expenditures on labor supply, 

previously overlooked by the literature. Indeed, as long as government spending is not separable 

from private consumption and leisure in the utility functions, it will have both a substitution and 

an income effect that will generally counteract the substitution and income effects of taxes on 

labor supply. 

In spite of the substantial progress achieved in understanding the effects of public 

spending on labor supply behavior, the current labor supply literature still treats public goods as 

an irrelevant variable. For instance, in a recent review of the literature on the effects of taxation 

on labor supply, Meghir and Phillips (2010) do not consider public goods (or public expenditures) 

as a relevant determinant of labor supply. Similarly, time allocation models generally assume that 

changes in public goods provision have no effects on labor supply behavior, which is equivalent 

to assume that they are weakly separable from private goods and leisure. 2  

In general, whenever public goods affect the true preference relation between leisure and 

private goods, we can expect the traditional first order condition of the taxpayer’s labor decision 

to incorrectly describe labor supply behavior. The negative consequences of this imprecision will 

not be restricted to labor supply theory, as the omission of public expenditures will also lead to 

biases in corresponding empirical specifications as well as in other theoretical results based on 

labor supply behavior (Conway, 1997). This is the case, for instance, of part of the literature on 

the marginal costs of public funds, where the assumption of weak separability of public goods has 

been extensively used to simplify the analysis of the welfare costs of taxation. As Browning, 

Gronberg and Liu (2000) explain, under this assumption the change in public goods provision 

does not alter the indifference map in the private goods-leisure space, facilitating the analysis in a 

                                                 
2 The optimal labor supply decision is traditionally described by a first order condition that equates the marginal rate 
of substitution between leisure and private consumption with the after tax wage rate, a variable that is unaffected by 
the amount of public goods. 
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two dimensional setting. The problem is, however, that positive and normative expressions of the 

marginal cost of funds derived under this assumption would be invalid in the general 

(unrestricted) case where public goods do alter the preference relation between leisure and private 

goods.  

A number of scholars have recognized that the labor supply response to public spending is 

an important determinant of the optimal tax and expenditure policies. Snow and Warren (1996), 

Ahmed and Croushore (1996), Dahlby (1998), Slemrod and Yitzhaki (2001), and Gahvari (2006) 

are some of the most influential articles incorporating that response into the expressions defining 

the marginal cost of funds. They all allow for government expenditures to affect labor supply, 

which is equivalent to remove the assumption of weak separability of public goods. However, 

they only focus on rectifying the optimal conditions for government’s tax and expenditure 

decisions while, to date, the optimal conditions for individual labor supply decisions are still 

based on the weak separability assumption.  

In this paper we relax the assumption of weak separability of public goods and allow for 

the marginal changes in public goods to influence the marginal rate of substitution between 

leisure and private goods and so also labor supply behavior. As already explained in the literature, 

in this context marginal changes in public goods provision can impose both a substitution effect 

and an income effect on labor supply, which have the opposite sign to those produced by marginal 

changes of the labor income tax. It turns out that the insight provided by Browning, Gronberg and 

Liu (2000) about the way public goods separability affects the indifference map helps to solve the 

problem of non equivalence between the two income (and two substitution) effects associated 

with the consumption of public and private goods. The marginal effect of public goods on living 

standard does not alter the budget constraint of the taxpayer, but instead it modifies the preference 
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relations between leisure and private goods represented in his/her indifference map. Marginal 

increases of the tax rate are accompanied with positive externalities derived from the 

contributions of other taxpayers to the public goods. In this framework, global maximization of 

individual utility is feasible and associated with a positive labor income tax rate. 

The optimal solution to the public goods problem presented in this paper is given by a 

vector of labor income tax rates that maximizes the global utility of each individual taxpayer. The 

maximum global utility of a taxpayer is reached at a point where the individual marginal benefits 

of public goods provision are equal to the loss in utility due to the negative effect of taxes on 

individual purchasing power. This solution to the public goods problem can be regarded as 

“strictly efficient”, because it avoids interpersonal utility comparisons and excludes equity 

considerations. 3 Therefore, the optimal vector of labor income tax burdens is efficient in the 

traditional sense and it has the same effects as lump-sum taxes of identical amounts.  

The paper concludes that the distortionary effects traditionally associated with the labor 

income tax are a consequence of stringent assumptions about labor supply behavior; and that the 

economy can reach an efficient outcome when public goods are financed exclusively through a 

labor income tax. A related idea has recently been proposed by Blomquist, Christiansen and 

Micheletto (2010), who argued that part of the labor income tax may be nondistortionary if it 

corresponds to a payment for publicly provided private goods that are complements to work. Our 

analysis, however, focuses on public goods, such that the same conclusion can be extended for a 

significant share of public spending.  

                                                 
3 The traditional first-best solution to the public goods problem does not provide a convenient framework to define 
“strictly” efficient taxation, since it is obtained by considering simultaneously the efficiency and the equity goals of a 
welfare maximizing government. Indeed, that solution can be seen as the result of adjusting a “strictly” efficient 
solution with lump-sum taxes and transfers designed to satisfy the prevailing interpersonal equity conditions. 



6 
 

The rest of the paper is organized as follows. In section 2 we assume that all taxpayers are 

identical and derive Samuelson’s condition when the lump-sum tax is the only available tax 

revenue source. We then show that if taxpayers consider the individual marginal benefits of 

taxation in their labor supply response to taxation, the Samuelson condition can also be reached 

by using exclusively a proportional labor income tax. Section 3 describes the labor supply 

response to the labor income tax of a taxpayer that considers the individual marginal benefits of 

taxation. Section 4 characterizes a strictly individualistic and distributionally-indifferent solution 

under the assumption of heterogeneous taxpayers, and describes alternative sources of economic 

distortions. The last section concludes. 

 

2. The Solution to the Public Goods Problem in an Economy with Identical Taxpayers 

Traditional public finance theory distinguishes between first-best and second-best scenarios based 

on whether efficient (non-distortionary) lump-sum taxation is available or not to the tax authority. 

If efficient lump-sum taxation is available the first-best solution to the public goods problem is 

feasible and satisfies the Samuelson condition, which states that the sum of marginal rates of 

substitution between public and private goods for all individuals must be equal to the marginal 

rate of transformation between public and private goods. However, if taxes are collected from any 

other (presumably distortionary) tax instrument, then the problem automatically turns into finding 

the second-best solution. In this section we suggest that the type of tax instrument may not be an 

adequate criterion to distinguish between the first-best and the second-best scenarios. Specifically, 

we show in an economy with identical taxpayers that the Samuelson condition can be obtained as 

a solution to the public goods problem under the proportional labor income tax, typically 

considered a distortionary (second-best) tax instrument. In order to obtain this result in an 
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economy with identical taxpayers the only theoretical requirement is to allow them to account not 

only for the marginal costs but also for the marginal benefits of taxation in their labor supply 

decisions.  

 

2.1 The traditional first-best and second-best solutions to the public goods problem 

Given that taxpayers react to changes in the labor income tax by adjusting their labor supply 

behavior, the public goods problem can be decomposed in a sequential game of two stages. In the 

first stage the tax authority sets the level of the tax rate and knows that in the second stage the 

taxpayers choose their own optimal behavioral responses. In order to determine the optimal tax 

rate, therefore, we invoke backward induction and begin by solving the taxpayer’s time allocation 

problem. 

The representative taxpayer maximizes his individual utility, , described by a quasi-

concave function that decreases with the individual supply of labor, , and increases with the 

consumption of private goods, , and public goods, . 4 Individual income is assumed to come 

from the wage rate, , and from exogenously determined non-labor income, . The tax rate on 

labor income is denoted by , while the lump-sum tax is represented here as a tax rate  applied 

on non-labor income. Assuming no savings, the taxpayer’s budget constraint is given by 

1 1 , and the taxpayer’s time allocation problem, as traditionally presented in 

the literature, is: 

 max  1 1 , ,  , 

where  is assumed to be fixed and therefore irresponsive to changes on the tax rates. The first 

order condition for this problem is: 

                                                 
4 Individual parameters are represented by lowercases and aggregate parameters by uppercases. 
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1  ,         (1) 

where subscripts are used to represent derivatives with respect to the designated variable. At the 

optimal time allocation solution the marginal rate of substitution between leisure (hence denoted 

as ℓ) and private consumption, ℓ, , must be equal to the after-tax wage rate. 5 The condition 

shows that only the tax on labor income alters ℓ, , which in contrast remains unchanged for 

any 0. Because of this reason the tax on non-labor income (or the lump-sum tax) is said to 

impose no substitution effect on the labor decision and is considered as a non-distortionary tax. 

Indeed, if the tax authority collects all revenues with the tax on non-labor income, then the 

optimal solution to the problem is described by Samuelson’s condition, traditionally associated 

with the first-best solution to the public goods problem. In an economy with  identical 

taxpayers, where all revenues are collected with the tax on non-labor income, the welfare 

maximization problem can be written as:  

 max  Ω 1 , ,  , 

where Ω represents an utilitarian social welfare function and , which implies that the 

marginal rate of transformation between public and private goods is assumed to be constant and 

equal to one. The first order condition for this problem is: 

· 0 , 

where asterisks are used to represent optimal choices and  denotes the aggregate labor 

supply response to the tax rate. According to (1), the ℓ,  is in this case constant an equal to  

(because 0), and thus the first order condition can be reduced to: 

1 ,          (2) 

                                                 
5 The marginal utility of leisure is by definition equal to the negative value of the marginal (dis)utility of labor. 
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which is Samuelson’s condition for an economy where the marginal rate of transformation 

between public and private goods is unity.  

Under the traditional framework the use of a labor income tax leads to a deviation from 

Samuelson’s condition. Assuming that the tax authority collects all revenues from the tax on labor 

income the welfare maximizing problem becomes: 

 max  Ω 1 , ,  , 

where . The corresponding first order condition is: 

1 0 .    (3) 

Using (1) this condition that can be reduced to: 

 ,         (4) 

which corresponds to the traditional second-best solution to the public goods problem as 

described in the literature about the marginal cost of public funds. 6 The value of the marginal 

cost of public funds is given by the expression in the right hand side, which depends upon the 

labor supply response to taxation. If the labor supply is reduced by a marginal increase of the tax 

rate ( 0), then the sum of the marginal rates of substitution between public and private goods 

is greater than one. The literature also considers the possibility of observing a positive labor 

response to taxation, such that the marginal cost of public funds can also be lower than one 

(Stiglitz and Dasgupta, 1971; Atkinson and Stern, 1974). In particular, when the (uncompensated) 

labor supply is inelastic with respect to the tax rate the expression for the second-best solution 

equals the Samuelson condition in (2). This special case is not interpreted in the literature as an 

efficient outcome; instead, it has led to a discussion about the relationship between the marginal 

cost of funds and the concept of excess burden of taxation (Triest, 1990).  
                                                 
6 See, for instance, Hakonsen (1998), Auerbach and Hines (2002) and Dahlby (2008). 
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2.2 Obtaining the Samuelson condition with a proportional labor income tax 

The labor supply response to taxation is traditionally modeled as a time allocation problem where 

the taxpayer chooses the optimal combination of private consumption and labor for any given 

after-tax wage rate. Public goods, if considered in the taxpayer’s preferences, are assumed to be 

constant, which is equivalent to assume that the amount of public goods does not change with the 

tax rate, or that the taxpayer does not consider that change when deciding about his/her labor 

supply. The last case implies that preferences are weakly separable in public goods, so as in (1), 

the marginal rate of substitution between leisure and private consumption is independent from 

changes in public goods provision. 

A marginal tax rate increase, however, is usually imposed over many taxpayers, such that 

tax collections can significantly increase with the tax reform. As a consequence, if we assume that 

the government budget is balanced (public spending on public goods is equal to total tax 

revenues), then the tax increase leads not only to a reduction in a taxpayer’s disposable income, as 

the traditional theory presumes, but also to an identical increase in (aggregate) public spending on 

public goods. In turn, a greater provision of public goods would likely improve the standard of 

living of the taxpayer and thus may lead to a reevaluation of the labor supply decision. 7 As Lewis 

(1957) suggests, not recognizing the positive influence of taxation on the living standard of 

taxpayers is equivalent to assume that government spending has simply been “dumped in the 

ocean.” Moreover, it should not matter whether the taxpayer is aware of the connection between 

the tax increase and the greater provision of public goods, or whether the latter is realized soon 

after the former. The taxpayer would consider the change in public goods provision simply 

                                                 
7 We restrict the use of this argument only to the changes in the tax policy. A change in the tax rate will most likely 
affect the amount of public goods regardless whether taxpayers are assumed to be identical or not. In contrast, other 
determinants of individual labor supply, like the wage rate, can be expected to have a negligible effect on public 
goods provision once the assumption of identical taxpayers is dropped. 
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because he/she values them, and the welfare maximizing government would consider the full 

responses of all taxpayers in the economy, either immediate or delayed, simply because they are 

relevant for the optimal tax and expenditure decisions. 

In order to incorporate the effect of an increase in marginal public goods in the taxpayer’s 

labor response to taxation we need to rewrite the time allocation problem as: 

 max  1 , ,  ,      (5) 

where , such that public goods are allowed to vary with the tax rate as well as with the 

labor supply responses of all  taxpayers in the economy.  

If we were to obtain the first order condition for the optimal individual labor supply 

decision under the traditional utility maximization approach, we would have to make the 

derivative of (5) with respect to  equal to zero, from which we would obtain:  

1   ; 

where the last term measures the benefits obtained from the individual marginal contribution to 

the public goods associated with a marginal change in labor supply, . When 1 the last 

term of the equation would account for the full benefits received from marginal changes in , but 

in this case  would be equivalent to a private good. In the other extreme, when  is big, the 

individual marginal contribution to the public good becomes negligible. As a consequence, even 

if marginal increases in  are very valuable for the taxpayer ( /  is relatively high), they will 

have an insignificant effect on the marginal rate of substitution between leisure and private goods, 

ℓ, . In this sense, imposing the assumption that the taxpayer considers only his/her own 

marginal contribution would be equivalent to assume that preferences are weakly separable in , 

such that ℓ,  would be again independent from this variable. 
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In practice, however, the value of ℓ,  may plausibly depend on changes of the full 

amount of public goods , and in that case other taxpayers’ marginal contributions would result 

in positive externalities that would alter the individual relative valuation of leisure and private 

goods. The presence of these externalities reveals the general equilibrium nature of the problem, 

by which the individual value for ℓ,  depends on all taxpayers’ labor behavior. Allowing for 

all the  identical taxpayers to modify their labor supply decisions simultaneously, the first order 

condition for the representative taxpayer becomes: 8 

1   ,        (6) 

where the last term now measures the benefits obtained from the marginal contributions of all the 

taxpayers in the economy.9 The ℓ,  is no longer equal to the after-tax monetary wage rate –as 

in (1), because it considers also the individual welfare gains due to greater public goods provision. 

This can be regarded as the “full” (and correct) measure of the real wage rate, as it encompasses 

all individual marginal gains associated with the last unit of labor supplied. 10 

 The positive welfare benefits of public goods create a gap between the ℓ,  and the 

opportunity cost of leisure, 1 , which has been so far overlooked by the literature. It is true 

that next unit of leisure has an opportunity cost equal to what is sacrificed in terms of private 

consumption. Note, however, that the private goods sacrificed also correspond to the additional 
                                                 
8 By allowing for all taxpayers (identical or not) to modify their labor supply simultaneously we are not really 
imposing a relevant additional assumption. A change in the tax policy will usually affect all taxpayers at the same 
time, while all labor supply adjustments, regardless of when they are realized, will be relevant to produce the final 
effect on tax collections and on public spending, which is the relevant variable in this case. 
9 This condition is presented in Gahvari (1986, footnote 4), for the case in which taxpayers know the supply function 
of the public goods and incorporate this knowledge in their optimization problem. The difference with respect to the 
model developed in this paper is subtle, but important. Here we do not claim that taxpayers know the supply function 
of the public goods (or the budget constraint of the government), but instead that they perceive and value the 
additional public goods resulting from a tax rate increase. Taxpayers care only about the result of the tax increase, not 
about the underlying budgetary process.  
10 Relatively scarce public goods (and abundant private goods) will likely be associated with a high marginal utility 

 (and low ), such that the marginal rate of substitution between public and private goods might be expected to be 
large. If this marginal rate of substitution is large enough, then marginal full real income can exceed the wage rate, , 
a result that is not possible under conventional labor supply theory. 
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private goods that the individual can enjoy during leisure time. In other words, the opportunity 

cost of leisure is also a measure of the marginal contribution of private consumption to the quality 

of leisure. In addition, (6) also incorporates the marginal benefits of public goods, which together 

with the marginal benefits of private goods describe what we define here as the “opportunity 

benefit” of labor. The opportunity benefit of labor encompasses the marginal utility obtained from 

the consumption of both public and private goods, and it corresponds to the real wage rate (in 

terms of private goods) that the taxpayer would be able to enjoy (during the last unit of leisure 

time) if he/she decides to increase labor in the margin. The taxpayer must necessarily increase 

labor supply in order to realize the full real wage rate. In addition, the concept of opportunity 

benefit suggests that government expenditures in public goods would be creating (destroying) 

individual real income as long as the full real wage rate is greater (smaller) than the nominal wage 

rate. 

The question whether a taxpayer would react to the tax policy in accordance to the 

opportunity cost of leisure or to the opportunity benefit of labor is, of course, subject to empirical 

scrutiny. However, if both private and public goods contribute to increase taxpayer’s utility, and 

the taxpayer is interested in maximizing not only the utility obtained from the consumption of 

private goods, but instead the overall utility obtained from the two types of goods, then the 

opportunity benefit of labor may indeed be the relevant variable to consider. 11 

The functional dependency between ℓ,  and  has important consequences for the 

optimality solutions of both the taxpayer’s time allocation problem and the public goods problem. 

                                                 
11 The distinction between opportunity cost of leisure and opportunity benefit of labor might help to explain the gap 
between the marginal willingness to pay and the marginal willingness to accept changes in the public goods 
provision, which has been abundantly documented in the literature (see Horowitz and McConnell, 2002). The 
presence of positive externalities imply that at the optimal time allocation decision the marginal utility of the goods 
enjoyed can be significantly greater that the marginal utility that could be obtained from any (private) good 
purchased. 
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The assumption that the taxpayer considers the marginal benefits of taxation will likely change 

the predicted labor response to the tax rate, and in turn this modified labor response will alter the 

optimal solution to the public goods problem: Substituting (6) into (3) and rearranging terms, the 

new first order condition to the problem for an economy with identical taxpayers is the traditional 

Samuelson’s condition of (2). A similar result has already been found by Christiansen (1981), 

Boadway and Keen (1993) and Kaplow (1996), but they require public and private goods to be 

weakly separable from leisure in the utility functions. In contrast, the solutions presented in this 

paper require no restrictive assumption about the form of the utility function. Finally, note that 

together (2) and (6) imply that the full real wage rate at the optimal solution is  –which is the 

same value obtained under lump-sum taxation. These results are at odds with the current public 

finance theory because they suggest that the proportional labor income tax might not be 

inherently distortionary as it is traditionally presumed. In the next sections we replicate these 

results in a more general framework with heterogeneous taxpayers. 

 

3. Taxpayer’s Labor Supply Response to the Proportional Labor Income Tax 

As explained, the traditional time allocation model assumes that taxpayers disregard the marginal 

benefits of taxation on their labor supply decisions. Assuming a balanced budget, however, a 

marginal tax increase translates into more tax collections and public goods provision, which in 

turn contribute to increase taxpayer’s standard of living and thus become relevant to his/her labor 

supply decision. This section analyzes the labor supply response to the labor income tax when 

public goods are allowed to affect the marginal rate of substitution between leisure and public 

goods. In order to make the results as general as possible, the individual taxpayer  is assumed to 
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face his/her own wage rate , non-labor income , and have an individualized preference 

relation . In this context, the maximization problem can be written as:  

 max  1 , , ∑  . 

Considering that the labor decisions of all taxpayers are made simultaneously, the first order 

condition for taxpayer  can be expressed as: 

1 ∑  ,      (7) 

where ∑  is the marginal change in the tax base due to a marginal change of labor supply of 

all taxpayers ; a measure of the externalities imposed by all taxpayers’ labor decisions on 

taxpayer . 12 From (7), the last unit of leisure allows taxpayer  to enjoy his/her after-tax 

monetary income plus the value he assigns to the marginal benefits received in the form of public 

goods. Dividing by  and arranging terms we can solve for the taxpayer ’s marginal rate of 

substitution between leisure and private consumption:  

 ∑  .      (8) 

When  is zero the marginal real income is simply , but as  increases it first multiplies a 

(presumably) high marginal rate of substitution between public and private consumption. Indeed, 

if the marginal utilities of private and public goods are assumed to be diminishing, the change in 

full real income due to the tax rate increase can be expected to initially exceed the nominal wage 

rate, . In that case taxation would be associated in the margin with net real income gains. As 

the tax rate increases public goods would become relatively more abundant and private goods 

more scarce; as a consequence, the individual marginal rate of substitution between public and 

private goods decreases, as also does the full real wage rate, which eventually falls below . In 
                                                 
12 ∑  can be considered as constant that is exogenous to the individual labor decision, and whose value would 
become measurable once all taxpayers’ labor responses to the tax policy are realized. 
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general, if the full real wage rate is smaller than the nominal wage rate, then a marginal tax 

increase leads to a net reduction of full real income.  

The first order condition of (7) or (8) implicitly defines taxpayer ’s labor behavior. Using 

the implicit function theorem we can find the labor response to taxation: 13 

∑ 1           (9.a) 

1 ∑      (9.b) 

∑ 1 1 ∑   ,    (9.c) 

where 0 by the second order condition of the taxpayer’s maximization problem. When 

public goods provision is allowed to vary with the tax rate the labor response to taxation 

comprises three effects, separately described by (9.a), (9.b), and (9.c). 14 Equation (9.a) represents 

a “net substitution effect,” whose sign would be positive or negative depending on whether the 

marginal tax increase is associated with a net real income gain or a net real income loss, 

respectively. If the full real wage rate is greater (smaller) than the nominal wage rate, then the tax 

and expenditure policies of the government are creating (destroying) individual real income, and 

the optimal response of a utility maximizing taxpayer would be to increase (reduce) labor supply. 

                                                 
13 A similar derivation of the labor supply response to taxation, which considers the marginal benefits of public goods 
provision, is presented in Gahvari (1986, footnote 5). Considering an additively separable utility function and 
identical taxpayers, Gahvari (1986) points out that this labor response to the tax rate would allow the government to 
choose the first-best solution to the public goods problem, but this conclusion will not be generally valid in a context 
of heterogeneous taxpayers. In the next section we discuss the efficiency properties of labor responses that consider 
the marginal benefits of taxation under heterogeneous taxpayers. 
14 In the traditional time allocation model, the labor supply response to taxation consists of two effects; a substitution 
effect and an income effect. The substitution effect is always negative since the tax is assumed only to reduce the 
after tax wage rate; but the income effect can be positive or negative depending on whether leisure is normal or 
inferior, respectively. The sign of the labor supply response to taxation is ambiguous, although it is common to 
assume that leisure is a normal good and that the positive income effect of the tax is not big enough to counterbalance 
its negative substitution effect. Surveys on labor supply theories and empirical results can be found, for instance, in 
Blundell and MaCurdy (1999), and Meghir and Phillips (2010). 
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The intuition is that additional valuable public goods increase the quality of leisure and by 

extension also the individual welfare gains from consuming private goods. In general, when the 

full real wage rate is greater (smaller) than the nominal wage rate, the relative desirability of 

private goods increases (decreases), and thus the individual works more (less) in order to adjust 

the consumption of private goods to the optimal amount. The substitution effect of public goods 

on labor supply was introduced in the literature by Lindbeck (1982), Snow and Warren (1989), 

Gahvari (1991), Ahmed and Croushore (1996) and Conway (1997), who used the Slutsky identity 

to describe the impact of government spending on labor supply. The version presented in (9.a) is 

novel because it shows how the net substitution effect of taxation, transmitted through more 

public goods and less private goods, is determined by the change in the preference relation 

described in (8). 

Equations (9.b) and (9.c) represent the “private income effect,” and the “public goods 

income effect,” respectively. The private income effect describes how labor supply reacts to the 

reduction of (an equivalent amount of) non-labor income available to purchase private goods, 

which is similar to the income effect described by the traditional literature. 15 The public goods 

income effect describes how the labor supply reacts to the increase of (an equivalent amount of) 

non-labor income available in the form of public goods benefits. The private and public goods 

income effects can be considered as two components of a sole net real income effect. Whenever 

the equivalent income gain from additional public goods is greater (smaller) than the loss in 

monetary disposable income, full real income will be increased (decreased) with the tax rate. 

Moreover, full real income can be assumed to be a monotonic transformation of individual utility, 

                                                 
15 Note that the term ∑  in (9.b) is not considered in the income effect described by the traditional labor 
supply theory. This term would be positive if an additional unit of the public goods increases the benefits received by 
the last unit of private good consumed. In such a case, as long as leisure is normal, the private income effect would be 
smaller than the income effect estimated by the traditional theory. 
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such that the point where full real income is maximized also describes the maximum level of 

individual utility.  

The net real income effect might be expected to have the opposite sign of the net 

substitution effect: a larger (smaller) full real income makes the next unit of leisure more (less) 

enjoyable and this would lead to greater (lower) demand for leisure. 16 However, in order for a 

unique and well defined individual utility maximum to exist the net substitution effect must 

dominate over the net real income effect. This is because if full real income is defined as the 

product of full real wage rate and the labor supplied, simultaneous maximization of full real 

income and utility requires to be accompanied by the maximization of labor supply.  

The characteristics of the indifference map and the resultant labor supply function under 

this framework are depicted in Figure 1, where the horizontal axis represents leisure, ℓ, and the 

vertical axis represents private consumption, . Total time available is fixed at  and the amount 

of leisure implicitly defines the labor supply as the horizontal distance at the left of . When the 

labor income tax rate is zero the taxpayer chooses point , where the indifference curve  is 

tangent to the taxpayers’ budget constraint, and the optimal combination of private consumption 

and leisure is described by 0 , ℓ 0 , where the parentheses contain the value of .  

The indifference curve  represents the preference relations between private goods and 

leisure in a constrained scenario in which the taxpayer disregards the marginal benefits of public 

goods, or equivalently, when preferences are assume to be separable in public goods. As 

explained by Browning, Gronberg and Liu (2000), however, when preferences are non-separable 

changes in public goods provision alter the indifference map in the private goods-leisure space. In 

this (more general) scenario, the maximum value of real income is associated with a positive tax 

                                                 
16 This reasoning is consistent with the usual assumption of normality of leisure, where the taxpayer chooses to 
increase leisure as a response to a marginal increase of (lump-sum) income. 
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rate, such that when public goods are valuable enough, individual utility may increase even after 

private goods and leisure have been reduced. The relevant indifference curve would take a form 

like in , and the budget constraint would remain unchanged after accounting for the effect of 

public goods in the preference map. 

 

Figure 1:  Labor supply response to the proportional labor income tax 

 
 

A marginal increase of the tax rate initially increases labor supply if the opportunity 

benefit of labor (the full real wage rate) exceeds the nominal wage rate . Labor supply continues 

to increase with  until the point where the opportunity benefit of labor is identical to , which is 

found in Figure 1 with tax rate . Further increases of the tax rate will reduce the opportunity 

benefit of labor below , and a utility maximizing taxpayer would necessarily reduce labor effort 

in order to minimize the erosion of individual real income. 17 

The pattern of the labor supply response to taxation presented in Figure 1 depends on the 

assumption of diminishing marginal utility of private and public goods. Alternative assumptions 

                                                 
17 The reduction of labor supply can be interpreted as a form of tax avoidance, as the taxpayer is deliberately reducing 
not only the negative effects of taxation on full real income, but also the tax burden. 
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would lead to different behavioral responses, although internal consistency of the model requires 

the labor supply to be inelastic with respect to the labor income tax rate at the point where the full 

real wage rate is equal to the nominal wage rate. In any case, the actual shape of the labor supply 

response to taxation, as well as the structure of preferences, remains an empirical problem. 

Unfortunately, to date very few empirical studies have attempted to estimate the effect of public 

spending and (more specifically) public goods on labor supply. In what seems to be the first 

attempt to analyze this problem empirically, Conway (1997) shows that the effect of different 

types of government spending on labor supply is significant, although the sign of the influence 

varies for men and women in accordance to the type of spending, which includes public goods as 

well as publicly provided private goods. In a more recent study, Ortona et al. (2008) provide 

empirical evidence about the positive effects that public goods provision might have on labor 

supply. More work is needed in order to better understand the overall effects of fiscal policy on 

labor supply, but these studies suggest that research solely focused on the partial effects of 

taxation on disposable income are not accounting for all the relevant determinants of labor supply. 

 

4. Efficient Provision of Public Goods with Heterogeneous Taxpayers 

This section utilizes the labor supply model developed above to derive an efficient solution to the 

public goods problem that is independent from any equity considerations and requires no 

interpersonal comparisons of utility. Allowing for taxpayers to differ in preferences, wage rates 

and non-labor income, we show that if each taxpayer considers the individual marginal benefits of 

taxation on his/her labor decision, then the efficiency condition traditionally associated with a 

first-best solution can also apply to the tax on labor income. Based on this result we argue that the 

tax on labor income is an efficient tax.  
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Each taxpayer  is assumed to maximize an individual utility function , subject to the 

individual budget constraint 1 . Taxpayers are organized in a sequence of 

(ascending) relative preferences for public goods, which are here defined in accordance to the tax 

rate at which a taxpayer reaches the maximum attainable level of utility given other taxpayers’ 

contributions to the public goods. Taxpayer 1 maximizes utility with the lowest tax rate, 

while taxpayer  maximizes utility with the greatest tax rate.  

The proposed efficient solution to the public goods problem consists of two steps, applied 

separately to each taxpayer. In the first step the government maximizes each taxpayer ’s utility 

by choosing the labor income tax rate  that maximizes individual labor supply. Provided other 

taxpayers’ contributions, each taxpayer will increase labor supply as long as the individual 

marginal benefits from public goods exceed the individual marginal costs of taxation. The “first-

step” optimal tax rate  is found when taxpayer ’s labor supply is tax inelastic. In the second 

step, the government adjusts the individual labor income tax rate upwards in order to make 

taxpayer  pay for the individual benefits obtained from other taxpayers’ contributions to the 

public goods. These adjustments are smaller than those applied to those taxpayers that are still 

increasing their labor supply, but high enough to keep unchanged the taxpayer’s level of utility 

and labor supply. 

In order to implement the first step we allow for a common, relatively low tax rate, to be 

applied to all taxpayers, and be set at the optimal level for taxpayer 1. At this tax rate, denoted as 

, only taxpayer 1 is satisfied with the amount of public goods provided, and all other taxpayers 

would prefer a tax increase. The first-step optimal tax policy in this situation is to impose  only 

to taxpayer 1 and to increase the tax rate for the remaining 1 taxpayers. Next the tax rate is 

increased for the remaining 1 taxpayers up to the level at which taxpayer 2 maximizes 
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his/her level of utility, and impose  to taxpayer 2 only. The same procedure can be repeated  

times in order to find the first-step optimal tax rate for each taxpayer. 

To facilitate the analysis if the first-step optimal tax policy, we momentarily assume that 

marginal increases in public goods provision do not alter the labor supply decisions of taxpayers 

1 … 1, and consequently that the public goods are financed exclusively by taxpayer  and the 

 taxpayers with greater preferences for public goods. Formally, the problem of finding the 

first-step optimal tax rate for any taxpayer , and the corresponding first order condition, can be 

written as: 

 max  1 , , ∑ ∑   ; 

 1 ∑ 0 .   (10) 

Using the taxpayer’s first order condition for the optimal labor supply decision in (7), the first 

order condition in (10) can be reduced to: 18 

 
∑

  ;         (11) 

which states that at the optimal solution for taxpayer , the marginal rate of substitution between 

public and private goods must be equal to the individual share of the labor income tax base, 

considering only those taxpayers interested in an equal or greater level of public goods provision. 

The first-step optimal contribution of taxpayer  to the financing of public goods corresponds to 

the proportion of his/her share on the marginal utility of the 1 contributing taxpayers, 

                                                 
18 The first order condition for the taxpayer (7) can be rewritten to consider the discrete changes of labor supply  
for any taxpayer  that is actually be contributing to the public goods: 
 1 ∑ 0 . 
Dividing this condition by , which is common for all taxpayers between  and , we obtain: 
 1 ∑ 0 , 
which is the expression substituted into (10) in order to obtain (11). 
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which essentially describes Lindahl’s (1958) pricing mechanism. Moreover, for any given , 

adding up the marginal rate of substitution between public and private goods of the 

1 contributing taxpayers we obtain that: 

 ∑ 1 , 

which is Samuelson’s condition for an economy of 1 heterogeneous taxpayers.  

The solution described in (11) for taxpayer , therefore, satisfies both Lindahl’s solution 

and Samuelson’s condition to the tax and expenditure problems, but it consists of as many as  

such solutions. A taxpayer contributes to the marginal increases of public goods provision as long 

as he/she values those increases more than the reduction of private consumption, and stops 

contributing when public goods provision reaches the level that is individually optimal. As a 

result, no taxpayer would have to sacrifice private consumption in order to finance unwanted 

quantities of public goods.  

Different from the traditional Lindahl solution, in this price mechanism each taxpayer’s 

optimal share is computed at the most preferred amount of public goods, and “revealed” by their 

labor supply behavior. Indeed, provided that real income and utility are maximized 

simultaneously,  must necessarily be set at the point where the labor supply of taxpayer  is 

inelastic with respect to the labor income tax rate.  

Optimality of the tax rates derived in the first step depends on the assumption about the 

effects of other taxpayers’ contributions to the public goods after the tax rate applied to taxpayer 

 has been fixed. Note that if taxpayer ’s tax rate remains at  while other taxpayers contribute 

with more taxes, then he/she would be able to free ride on the additional amount of public goods. 

In this case the labor income tax would not satisfy the conditions for benefit taxation, and the tax 

policy would lead to a discretional, possibly unwanted, redistribution of income and public goods 
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benefits. Moreover, when taxpayer ’s tax rate is set at , then the additional public goods 

associated with an increase of other taxpayers’ tax rate (from  to  and beyond) will have 

two effects on taxpayer ’s labor supply. One is a (positive) substitution effect, characterized by 

the first term in the parenthesis of (9.a), in this case equal to ∑ ⁄ , and the other a 

public goods income effect similar to the one described in (9.c). 19  

The second step of the proposed efficient solution is designed to correct for these 

problems. In this step the government imposes to taxpayer  a labor income tax rate that exactly 

offsets the substitution and income effects of additional public goods financed by other taxpayers 

on his/her labor supply. This tax rate will necessarily be greater than , but lower than the tax 

rate applied to those taxpayers who enjoy net utility gains under . Allowing for 

individualized adjustments of , we can rewrite (7) as: 

1 ∑ ∑  ,   

and argue that for any marginal increase of public goods there is one and only one tax rate  

that can exactly offset the resultant individual utility gains, such that taxpayer ’s  net benefits of 

additional public goods are zero and the marginal utility of leisure as well as the individual labor 

supply remain unchanged. 20 The same procedure can be repeated  times, such that all taxpayers 

pay an amount of taxes equal to the value of the benefits they receive in the form of public goods.  

The proposed solution for the public goods problem contains characteristics that can be 

considered as desirable for the purpose of defining economic efficiency. First, it satisfies, in an 

individual basis, both the benefit principle and the ability-to-pay principle. The benefit principle is 

                                                 
19 Additional government expenditures may plausibly be spent on impure public goods that do not affect taxpayer’s 
utility after they are consumed at the (first step) individual optimum . This may be the case, for instance, of local 
public services (e.g. street lighting, police, recreation facilities) that are available in distant areas and do not provide 
any benefits to taxpayer . 
20 Equivalently, considering (9.a-c) we can argue that for any substitution and income effects of public goods on labor 
supply we can produce counterbalancing effects on labor supply by adjusting the individual tax rate .  
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satisfied along with the Lindahl’s price mechanism, because each taxpayer contributes in 

accordance with his/her individual benefits. For instance, taxpayers that do not positively value 

marginal increases of public goods provision would be exempted from the payment of the tax. On 

the other hand, the ability-to-pay principle is satisfied because part of the taxpayer’s tax burden is 

paid by means of voluntary labor supply increases and only as long full real income increases 

with the tax rate. 21 

Second, since the utility of each taxpayer is maximized separately, then the solution 

requires no interpersonal comparisons of utility or (non-economic) equity considerations. In this 

sense, the solution resembles the income tax adjustments proposed by Kaplow (1996, 2004) to 

obtain distribution-neutral solutions to the public goods problem, although in Kaplow’s model 

individual labor supply responses to the fiscal policy play no role in determining the optimal tax 

rate. 22 

Third, for the same reason, the proposed efficient solution simply avoids the problems 

related with the aggregation of preferences, such that Arrow’s (1950) theorem asserting the 

impossibility of integrating heterogeneous preferences into a unique well defined social welfare 

function does not limit its validity. As a consequence, the scope of that theorem can safely be 

restricted to the realm of distributive policies, while allocation efficiency in the public goods 

problem remains (at least in principle) as a “solvable” economic matter.  

Finally, the government does not need to know taxpayers’ utility functions or to ask them 

to truthfully disclose their preferences for public goods. Instead, the government can simply 

                                                 
21 The ability to pay principle is usually defined on an interpersonal basis, which leads to a number of difficulties that 
are avoided in the proposed framework. For a discussion, see Atkinson and Stiglitz (1980, 260-263). 
22 Kaplow (1996, 2004) proposes to use benefit-offsetting income tax adjustments in order to counterbalance the 
distortions imposed by the labor income tax on labor supply, as well as the redistributive effects of that tax 
instrument. The labor supply response to the tax and expenditure policies is not considered for the computation of the 
optimal tax adjustments; instead, Kaplow assumes that the individual benefits obtained from the public goods are 
known to the government and proportional to individual income. 
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observe taxpayer’s behavior and know that, as long as the value assigned to additional public 

goods is greater than the value assigned to the private goods, the labor supply response to taxation 

will be positive and the proposed solution will be associated with a greater labor income tax. 

 

4.1 Possible deviations from the efficient solution 

Absent the ideal conditions under which the efficient solution to the public goods problem is 

feasible, the task becomes one of finding a second-best solution that accounts for and offers a 

correction to existing distortions. The previous discussion shows that by assuming that taxpayers 

disregard the individual marginal benefits of taxation in their labor supply decisions the 

traditional theory implicitly introduces into the model a distortion that prevents the attainment of 

the efficient solution. The following discussion explores additional sources of distortions or 

deviations from the efficient solution that may be present even when taxpayers behave efficiently.  

One source of deviations from the efficient solution is given by a constraint in the quantity 

of tax rates (or tax brackets) that the government is able to implement. If the tax authority is 

unable to set the tax rate that maximizes utility for each individual then the choice of the tax 

policy will require the application of interpersonal comparisons of utility and implicit income 

redistributions due to the need of determining winners and losers. In this case the labor income 

tax would necessarily distort the relative price of leisure for all taxpayers facing a non-optimal 

(individual) tax rate, and the overall output of the economy would be smaller than the output 

under the efficient solution due to the lower labor supplied. It follows that if taxpayers are 

adequately ordered by their relative preferences for public goods, the introduction of a new tax 

bracket necessarily provides gains in individual utility and net (Pareto-superior) welfare gains for 
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society. In practice, the optimal number of brackets would be found at the point where the 

marginal gains from introducing a new tax category are equal to the social marginal costs. 

Another source of distortions is given by those cases in which public expenditures are not 

fully devoted to the satisfaction of all taxpayers’ preferences. We can use the parameter 0,1  

to represent the share of public expenditures that is actually used to finance public goods, such 

that 1  would correspond to the share of public funds diverted from that use (e.g. corruption, 

production inefficiencies). Similarly, we can also define 0,1  as the share of public goods 

that effectively satisfies taxpayer ’s preferences. Whenever 1, we can presume either that 

public goods are impure or that there are non-personalized tax rates. The -vector of  can be 

considered as a description of the “pureness” of public goods.  

Considering the parameters  and , the problem of choosing the (first-step) tax rate that 

maximizes taxpayer ’s utility is given by: 

 max  1 , , ∑ ∑   ; 

and the first order condition can be reduced to:  

 
∑

  .           (12) 

A reduction in the value of  implies that taxpayer  receives less satisfaction from a given 

amount of public goods. Given that this is a subjective individual effect then it is convenient to 

place  in the left hand side of the equation, which represents the individual marginal benefits of 

taxation. In contrast, a smaller  means that any given amount of public goods becomes more 

expensive for all taxpayers, and thus it is convenient to place this parameter in the right hand side 

of the equation, representing the marginal contribution to the public good. In general, reducing 

either  or  would reduce the optimal provision of public goods for taxpayer . 
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5. Conclusions 

The traditional first-best solution to the public goods problem is said to hold if and only if 

efficient lump-sum taxation is available. This paper suggests otherwise, and explains that the 

traditional conclusion depends upon the assumption that taxpayers do not consider the individual 

marginal benefits of taxation in their labor supply decisions. Once this assumption is relaxed, the 

labor income tax can be used to obtain a strictly efficient solution to the public goods problem.  

The proposed efficient solution maximizes individual utility given other taxpayers’ 

contributions to the public goods. The main difference with respect to the traditional Lindahl’s 

solution is that here we identify the precise share of public goods provision that maximizes each 

taxpayer’s utility and we use it to determine the individual tax burden. This solution possesses 

several desirable properties that make it attractive as a benchmark for defining economic 

efficiency and distortions. It satisfies, at an individual basis, both the benefit principle and the 

ability-to-pay principle of taxation. This implies that taxpayers pay a “fair” price for their 

consumption of public goods. Another characteristic of the proposed efficient solution is that it 

requires no interpersonal utility comparisons, and it is not subject to distributional considerations. 

Furthermore, given that taxpayers’ willingness to pay for public goods is revealed in their labor 

supply behavior, it is not necessary to trust them to truthfully disclose that information. As long as 

marginal utility decreases with private and public goods, then taxpayers will selfishly decide to 

increase their labor supply whenever the tax rate increase leads to a net utility gain.  

Under the labor income tax the relative price of leisure remains unchanged at the efficient 

solution to the public goods problem. This paper concludes that tax instruments different from the 

lump-sum tax might not be inherently distortionary as traditional theory presumes. This 

conclusion casts doubts about the appropriateness of using lump-sum taxation as a standard of 
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reference to identify and measure the distortionary effects of other tax instruments. Moreover, 

given that the tax on labor income allows for the relative price of leisure to change with the tax 

rate, it may not be indisputably correct to assume that the “right” price of leisure remains 

unresponsive to the lump-sum tax. After all, if public goods are valuable for society then the 

“right” relative prices in the economy should not be those prevailing in the absence of public 

goods, but instead those obtained after the taxes required to finance the optimal amount of public 

goods have been collected. 
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