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Abstract 

This paper examines the implications of habit formation in private and public consumption 
for the Pareto-efficient provision of public goods, based on a two-period model with nonlinear 
taxation. If the public good supply is time-invariant, the presence of habit formation generally 
alters the standard rules for public good provision. In contrast, if the public good is a flow-
variable such that the government directly decides on the level of the public good in each 
period, habit formation leads to a modification of the first best Samuelson condition only if 
the degrees of habituation differ for private and public consumption. Since habit formation 
affects the incentives to relax the self-selection constraint through public good provision, 
however, habituation alters the second-best analogue to the Samuelson condition also when 
the degrees of habituation in private and public consumption coincide. 
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1. Introduction 

This paper examines the implications of habituation in private and public consumption for the 

efficient provision of public goods in model-economies with nonlinear income taxation. The 

purposes are to examine how such adaptation modifies the policy rule for public provision, 

and identify conditions under which the standard first best and second best Samuelson 

conditions remain valid in the presence of habituation. 

People adapt to most circumstances in life, and the degree to which people adapt can 

actually be substantial. For instance, a permanent increase in the consumption may only affect 

utility temporarily as the potential utility gains decline over time. According to Clark, Frijters, 

and Shields (2008), adaptation may eliminate as much as 60 percent of the initial positive 

effect on happiness of an increase in the individual income within two years.1 Nevertheless, 

although the importance of adaptation has been widely recognized in the context of 

consumption and labor market behavior,2 it has so far played a minor role in normative 

economic theory of taxation and public expenditure. In fact, Becker and Murphy (1988) argue 

that adaptation has no important implications for normative economic theory and, in 

particular, the insights gained from optimal taxation theory if people are fully aware of their 

adaptation-behavior when making their consumption choices. 

Yet, recent research shows that adaptation in private consumption may have an influence 

on the optimal tax policy in second-best economies with skill heterogeneity, although it does 

not create a direct motive for correction (see Guo and Krause 2011 and Koehne and Kuhn 

2014). The present paper supplements this research by examining public good provision when 

consumers adapt both in terms of their private and public consumption through internal habit 

formation. Our contribution is thus to characterize the effects that adaptation have on the 

optimality condition for a public good in such a framework. In general, adaptation alters the 

optimality conditions for public good provision. This is true both in a first best world where 

the government can use lump-sum taxes to finance public good provision, and in a second 
                                                           
1 For further evidence on the importance of adaptation, see Lucas (2007), Diener et al. (2009), Luhmann et al. 
(2012), and Weimann, Knabe, and Schöb (2015). With respect to adaptation to public good consumption, 
Levinson (2013) finds that fluctuations of the current day's air quality affect happiness while changes in the local 
annual average do not. This can be interpreted as habituation to the public good air quality. Further, at least 
indirect evidence is given by Schkade and Kahneman (1998) who asked people to rate their own life satisfaction 
and the life satisfaction of someone similar in another region. It turned out that climate-related questions, i.e., the 
role of a particular public good, were typically thought of as more important for someone living in the other 
region. Apparently, the public good becomes more important in evaluating someone else’s well-being in an 
imaginary situation than for one’s own actual well-being. This seems to suggest that people do not account for 
adaptation to public good consumption when conceiving themselves in another situation while adapting when 
evaluating their own circumstances. 
2 See, e.g., Woittiez and Kapteyn (1998), Clark (1999), and Fuhrer (2000).  
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best world where asymmetric information prevents the government from raising revenue 

through type-specific lump-sum taxes. 

Our study follows Pollak (1970) and the subsequent economics literature in describing 

adaptation in terms of internal habit formation. We consider a two-period model with 

heterogeneous and rational consumers, in which the government raises tax revenue to 

redistribute income and provide a public good, and where the consumers adapt both with 

respect to their private and public consumption. Whereas habit formation in private 

consumption works in the direction of over-provision of public goods relative to the standard 

policy rule (the Samuelson condition or second-best variant thereof), habit formation in public 

consumption works in the opposite direction. An interesting question is whether these two 

forces cancel out under certain conditions, such that standard policy rules are applicable in the 

presence of habit formation. 

The policy implications of habit formation depend on how frequently the government can 

adjust the public good provision as well as on the degrees of habit formation in private and 

public consumption. We consider two polar cases. The first version of the model assumes that 

the government in the first period provides a fixed level of the public good to be consumed in 

both periods. This is interpretable in terms of a state-variable public good, where 

instantaneous contributions and depreciation have negligible effects on the stock (which is 

likely to be the case for certain types of infrastructure and environmental public goods such as 

national parks). We show that the efficiency condition for public good provision generally 

differs from the Samuelson condition (or second-best analogue thereof), meaning that the 

policy rules for public good provision explicitly depend on the intensities of habit formation 

in private and public good consumption. This is true also in the special case where the degrees 

of habituation in private and public consumption are the same. Indeed, under rather 

conventional assumptions about the properties of the utility function, the first best policy rule 

implies under-provision of the public good relative to the standard Samuelson condition, if the 

degrees of habituation in private and public consumption coincide. Only accidentally, in the 

extreme case where (i) the degrees of habituation in private and public consumption coincide 

and (ii) the marginal willingness to pay for the public good is constant over time in present 

value terms, will this model imply a standard Samuelson first best policy rule for public good 

provision, although based on a different reasoning than the corresponding policy rule that 

applies in the absence of any habit formation.  
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The second version of the model assumes that the supply of public goods can be adjusted 

over time, such that the government decides on the level of the public good in each period, 

which exemplifies a flow-variable public good. In this case, the conventional policy rule 

surfaces as long as the degrees of habituation in private and public consumption are the same. 

Therefore, in the case of a flow-variable good, it turns out that habit formation modifies the 

efficiency condition for public good provision only if the degrees of habituation differ for 

private and public good consumption.  

In Sections 2 and 3 below, we use the two variants of the model to analyze how habit 

formation in private and public consumption affects the efficient provision of public goods. 

The model is based on the self-selection approach to optimal taxation originally developed by 

Stern (1982) and Stiglitz (1982), where revenue collection and redistribution are funded by 

nonlinear income taxes. In this respect, we follow Boadway and Keen (1993) who were the 

first to analyze public good provision in such a framework, and extend their analysis to an 

economy with habit formation. Such a general framework allows us to avoid the (often 

arbitrary) restrictions implicit in models with linear tax instruments. Section 4 concludes. 

2. A Two-Period Model with a Time-Invariant Supply of Public Goods 

Consider a two-period economy where the consumers derive utility from private 

consumption, leisure, and a public good. There are two types of consumers that differ in terms 

of innate ability. Ability is reflected in the before-tax wage rate, meaning that the high-ability 

type (type 2) earns a higher before-tax wage rate than the low-ability type (type 1). in  denotes 

the number of individual of ability-type i. True ability (and, consequently, the before-tax 

wage rate) is private information. All individuals are assumed to share a common utility 

function, meaning that the utility facing any individual of ability-type i (i=1,2) is given by 

 ( ), , , ,i i i i iU U c x c g G gα ρ= − − . (1) 

In equation (1), c and x denote private consumption in the first and second period, 

respectively, while   denotes leisure, defined as a time-endowment normalized to one minus 

the hours of work, g denotes the public good provision in the first period, and G the public 

good provision in the second period. The individual works in the first period and is retired in 

the second (meaning that the leisure-argument in the utility function refers to the first period). 

The utility function is increasing in each separate argument and strictly quasi-concave. 

Discounting – if it occurs – is implicit in this formulation. 
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We allow for habit formation both with respect to private and public consumption, where 

the parameters [0,1]α ∈  and [0,1]ρ ∈  denote the intensities of habit formation. As such, 

0=α  indicates no habit formation at all whereas 1α =  implies full habituation in private 

consumption. The interpretation of the parameter ρ  is analogous in terms of public 

consumption.  

Assuming a time-invariant public good provision to begin with, we have G g= . 

Therefore, although the benefit of public consumption is enjoyable in both periods, the public 

good remains in fixed quantity over the periods. The utility derived from public good 

consumption in the first period thus depends on the level of the public good, g, while it 

depends on (1 )g ρ−  in the second period due to habituation. We assume that there is no habit 

formation with respect to leisure, as otherwise the utility derived from leisure when retired 

would depend on the leisure-consumption choice in the first period.3 

The individual budget constraints can be written as 

 ( )i i i i i iw l T w l s c− − = , (2a) 

 (1 ) ( )i i is r rs x+ −Ω = , (2b) 

for i=1,2, in which iw  denotes the before-tax wage rate, 1i il = −   work hours, is  saving, and 

r the interest rate. We assume that the production technology is linear such that the before-tax 

wage rates and the interest rate are fixed. The variables ( )i iT w l  and ( )irsΩ  denote the labor 

income tax (paid when young) and the capital income tax (paid when old), respectively. These 

are general, nonlinear, tax functions, the parameters of which include type-specific marginal 

tax rates and lump-sum components. In a first best world with no asymmetric information (or 

other reasons to distort the labor supply and savings behavior), these tax functions will reduce 

to type-specific lump-sum taxes. 

Since the government has access to general labor income and capital income taxes, it can 

implement any desired combination of work hours and saving for each ability-type, and thus 

effectively control il , ic , and ix  for i=1,2, subject to relevant constraints. We can, therefore, 

characterize the social decision-problem such that the government (or social planner) chooses 

work hours and private consumption for each ability-type and the level of the public good to 

reach a Pareto efficient resource allocation subject to an overall resource constraint and self-

selection constraint. We apply the conventional assumption that the government wants to 
                                                           
3 As long as leisure time is (at least partly) used to gain experiences, this assumption accords well with empirical 
evidence discussed in Dunn, Gilbert, and Wilson (2011), according to which people seem to adapt more to 
material than experiential purchases. 
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redistribute from the high-ability to the low-ability type, meaning that the self-selection 

constraint that may bind is the one preventing high-ability individuals from mimicking the 

low-ability type. Based on these assumptions, the social decision-problem is written as 

follows: 

 ( )1 1 1 1

,c , ( 1,2),
max , , , , (1 )

i i il x i g
U c x c g gα ρ

=
− −  

such that 

 µ :     ( )2 2 2 2 2, , , , (1 )U c x c g g Uα ρ− − ≥  (3a) 

 λ :    ( )
1

2 2 2 2 1 1 1 1
2, , , , (1 ) ,1 , , , (1 )wU c x c g g U c l x c g g

w
α ρ α ρ

 
− − ≥ − − − 

 
  (3b) 

 γ :    0
1

i i
i i i i i

i i i

n xn w l n c g
r

− − − =
+∑ ∑ ∑ . (3c) 

This resource allocation problem means choosing work hours, private consumption, and 

public consumption to maximize utility of the low-ability type subject to the minimum utility 

restriction for the high-ability type in (3a). The weak inequality (3b) is the self-selection 

constraint ensuring that each high-ability individual weakly prefers the allocation intended for 

his/her type (the left hand side) over the allocation intended for the low-ability type. A 

potential mimicker receives the utility on the right hand side of the weak inequality (3b). In 

our model, where the government can observe both the labor and capital income at the 

individual level, such a mimicker will consume as much as the low-ability type in both 

periods. Yet, since the mimicker is more productive, he/she can earn the same income as the 

low-ability type with less effort; 1 2/ 1w w <  denotes the relative wage rate, and 
1 2 1 1( / )w w l l<  is interpretable as the number of work hours supplied by the mimicker. The 

resource constraint in equation (3c), finally, means that output is used for private and public 

consumption. µ , λ , and γ  are Lagrange multipliers attached to each respective constraint. 

By solving this problem, we can characterize the efficient provision of the public good. To 

simplify the notation, and present the results in a way comparable to earlier studies that do not 

allow for habituation, let us use 1
i ic c= , 2

i i ic x cα= − , 1g g= , and 2 (1 )g g ρ= − , in which 

case the utility function in equation (1) can be rewritten as follows: 

 ( )1 2 1 2, , , ,i i i iU U c c g g=  ,   for i=1,2 (1’) 

while the utility facing the mimicker becomes 
1

2 1 1 1
1 2 1 22

ˆ ,1 , , ,wU U c l c g g
w

 
= − 

 
. 
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We can then define conventional first period marginal rates of substitution between the 

public good and private consumption such that 

 1

1 1

1

,

i
gi

g c i
c

U
MRS

U
=    for i=1,2   and  1

1 1

1

2
2

, 2

ˆ
ˆ

ˆ
g

g c
c

U
MRS

U
=  

where the hat symbol above the utility function (^) refers to the mimicker, as well as 

conventional second period marginal rates of substitution 

 2

2 2

2

,

i
gi

g c i
c

U
MRS

U
=    for i=1,2   and  2

2 2

2

2
2

, 2

ˆ
ˆ

ˆ
g

g c
c

U
MRS

U
= . 

The MRS functions are interpretable as period-specific marginal rates of substitution, with the 

marginal utility of private and public consumption in the other period held constant, i.e., 

measures of marginal willingness to pay commonly used in models without habit formation. 

The first order conditions for the social decision-problem set out above can be found in 

the Appendix. The policy rule for efficient public good provision is presented in Proposition 

1. 

Proposition 1. With a time-invariant public good, the Pareto efficient provision of 

the public good satisfies 

 
( )

( ) ( )( )

1 1 2 2

1 1 1 1 1 2 2 2 2 2

, ,

2 1 2 2 1 2
, , , ,

1 1 1
1

ˆ ˆ ˆ ˆ 1

i i i i
g c g c

i i

c g c g c c g c g c

n MRS n MRS
r

U MRS MRS U MRS MRS

α ρ

λ ρ
γ

 = + + − + 

 + − + − − 

∑ ∑
. (4) 

Proof: See the Appendix I. 

The left hand side of equation (4) represents the marginal rate of transformation between 

the public good and the private consumption good, which is normalized to unity (see equation 

[3c]). This is the direct marginal cost of providing the public good measured in terms of lost 

private consumption. Similarly, the right hand side is the direct marginal benefit (the first 

row) adjusted for the welfare effects of public good provision via the self-selection constraint 

(the second row). Since equation (4) is expressed in terms of conventional, period-specific 

marginal rates of substitution, it shows how the conventional measures of marginal benefit 

and adjustment through the self-selection constraint, respectively, ought to be modified in 

response to habit formation in both private and public consumption. 



7 

To interpret Proposition 1 in greater detail, it is convenient to start by considering a first 

best resource allocation, which coincides with the special case of our model where 0λ = .4 

Equation (4) then simplifies to read 

 ( )
1 1 2 2, ,1 1 1

1
i i i i

g c g c
i i

n MRS n MRS
r

 = + + − + 
∑ ∑α ρ . (5) 

In equation (5), the right hand side measures the sum of the individuals’ marginal willingness 

to pay for the public good in the first and second period, respectively, and is clearly affected 

by habituation. As expected, we can see that habituation in private consumption works to 

scale up each individual’s marginal willingness to pay for the public good in the first period 

through the factor 1 / (1 ) 1r+ + ≥α , compared to standard policy rules for public good 

provision. To see this more clearly, equations (A1) – (A5) in Appendix I can be used to derive 

the following relationship when 0λ = : 

 1

1 1

1 2

, 1
1

i
gi

g c i i
c c

U
MRS

r U U
 + = + − 

α
α

   for i=1,2. (6) 

The right hand side of equation (6) is interpretable as the individual’s total marginal 

willingness to pay for public consumption in the first period, ceteris paribus, which is higher 

the more the private consumption in the first period reduces the utility of private consumption 

in the second period. As a consequence, the total marginal utility lost when giving up one 

Euro of private consumption is smaller when we take account of habituation in private 

consumption. The scale factor 1 / (1 )r+ +α  on the left hand side thus connects the 

conventional, period-specific measure of marginal rate of substitution (which is defined with 

the private consumption in the second period held constant) to the total marginal willingness 

to pay.  

Similarly, habituation in public consumption scales down the marginal willingness to pay 

for the public good in the second period via the factor 1 1− ≤ρ . The Samuelson condition 

must thus be modified to take account of the fact that part of today’s utility gain of increased 

public consumption is lost by habit formation. 

If the degrees of habituation in private and public consumption are equal such that 

α ρ σ= = , equation (5) reduces to read 

                                                           
4 If individual ability were observable, the self-selection constraint would become redundant. 
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 ( )1 1 2 2 1 1 2 2, , , ,
11

1
i i i i i i

g c g c g c g c
i i

n MRS MRS n MRS MRS
r

 = + + − + 
∑ ∑σ , (7a) 

where the first term on the right hand side is the sum of all consumers’ marginal willingness 

to pay for the public good (based on the period-specific marginal rates of substitution in both 

periods), while the second is proportional to the degree of habit formation. Therefore, in the 

absence of any habit formation, which is the special case where 0α ρ σ= = =  in our model, 

equation (7a) is equivalent to the standard Samuelson condition, i.e., 

 ( )1 1 2 2, ,1 i i i
g c g c

i
n MRS MRS= +∑ . (7b) 

The reason as to why equations (7a) and (7b) differ is that habit formations in private and 

public consumption have different effects on the marginal willingness to pay for public goods 

even when the two degrees of habituation are the same. Whereas habit formation in private 

consumption works to scale up the current marginal willingness to pay for the public good, 

habit formation in public consumption works to scale down the future marginal willingness to 

pay. This points to an interesting – albeit somewhat unlikely – special case: if (i) the degrees 

of habit formation in private and public consumption are the same, and (ii) the sum of within-

period marginal willingness to pay for the public good is constant over time in present value 

terms, i.e., 
2 2 1 1, , / (1 )i i i i

g c g ci i
n MRS n MRS r= +∑ ∑ , then equation (7a) takes exactly the same 

form as equation (7b). A sufficient (not necessary) condition for (ii) to apply is that the 

marginal willingness to pay for the public good is constant over time for both types such that 

2 2 1 1, , / (1 )i i
g c g cMRS MRS r= +  for i=1,2. In the special case satisfying (i) and (ii) simultaneously, 

therefore, the Samuelson condition for an economy without habituation coincides with the 

Samuelson condition that prevails when the two degrees of habituation are equal, because the 

different effects of habit formation in private and public consumption cancel out.  

Yet, since the effective measure of public consumption in the second period is (1 )g ρ− , a 

more likely scenario would be 
2 2 1 1, ,

i i
g c g cMRS MRS> . In fact, since the social first order 

conditions for private consumption imply 
1 2

i i
c cU U> ,5 a sufficient (but not necessary) 

condition for the inequality 
2 2 1 1, ,

i i
g c g cMRS MRS>  to hold would be that the utility function 

given in equation (1’) takes the following additively separable and time-invariant form in 

public consumption: 

 ( ) ( ) ( ) ( )1 2 1 2 1 2 1 2, , , , , ,i i i i i i iU U c c g g u c c g gφ φ= = + +  . 

                                                           
5 See equations (A1) – (A4). 
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In this special but illuminating case, the first best efficient policy rule implies under-provision 

relative to the standard Samuelson condition if the degrees of habituation in private and public 

consumption coincide. 

Let us then return to the second best efficient policy rule in Proposition 1. The second line 

of equation (4) is a consequence of the self-selection constraint. The basic intuition behind 

this effect is well known from earlier research based on models without habituation. Indeed, 

without any habit formation, i.e., if 0= =α ρ , our model reproduces (adapted for a two-

period setting) the efficiency condition for public provision presented in Boadway and Keen 

(1993) for a second best economy with a binding self-selection constraint, i.e., 

 ( ) ( ) ( )1 1 2 2 1 1 1 1 1 2 2 2 2 2

2 1 2 2 1 2
, , , , , ,

ˆ ˆ ˆ ˆ1 i i i
g c g c c g c g c c g c g c

i
n MRS MRS U MRS MRS U MRS MRSλ

γ
 = + + − + − ∑ .(8a) 

A government may relax the self-selection constraint by exploiting that the low-ability type 

and the mimicker differ in terms of their marginal willingness to pay for the public good. 

More specifically, the second and third terms on the right hand side of equation (8a) imply 

over-provision (under-provision) relative to the first best Samuelson condition if leisure is 

substitutable for (complementary with) the public good, in the sense that the marginal 

willingness to pay decreases (increases) with the time spent on leisure. We can see that the 

first term in the second row of equation (4) takes the same form as in a standard model 

without habit formation, i.e., (8a), while, in contrast, the second term is scaled down by one 

minus the degree of habit formation in public consumption. Therefore, the policy rule for 

public provision does not change due to the mimicker’s habit formation in private 

consumption.6 

If people habituate in private and public consumption to the same extent such that 

0α ρ σ= = > , equation (4) can be rewritten to read 

                                                           
6 This does not mean that habit formation in private consumption by the mimicker is unimportant. It enters the 
model implicitly via the first term on the right hand side of equation (4) evaluated for the low-ability type. By 
comparing equations (A7) and (A10) in Appendix I, we can see that   

1 1 1 1

1 1
, ,1

1 1
2 2

ˆ1 1
1g c g cU Uc cMRS MRS

rn
λ

αα
γ

 
− = 

 
+ +

+

   
     

. 

Therefore, the allocation implemented for the low-ability type is chosen to reflect how the mimicker habituates 
in private consumption. See equation (A1) in the Appendix. 
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( )

( ) ( )( )

1 1 2 2 1 1 2 2

1 1 1 1 1 2 2 2 2 2

, , , ,

2 1 2 2 1 2
, , , ,

11
1

ˆ ˆ ˆ ˆ 1

i i i i i i
g c g c g c g c

i i

c g c g c c g c g c

n MRS MRS n MRS MRS
r

U MRS MRS U MRS MRS

σ

λ σ
γ

 = + + − + 

 + − + − − 

∑ ∑
. (8b) 

The first row of equation (8b) takes the same form as the right hand side of equation (7a). 

This component reduces to the (Samuelsonian) sum of marginal willingness to pay, i.e., 

( )1 1 2 2, ,
i i i

g c g ci
n MRS MRS+∑ , if 

2 2 1 1, , / (1 )i i i i
g c g ci i

n MRS n MRS r= +∑ ∑ .  

However, in the second best model with a binding self-selection constraint, the policy rule 

for public provision differs from the standard policy rule also for an additional reason. This is 

seen by comparing the final term on the right hand side of equations (8a) and (8b), suggesting 

that the incentive faced by the government to offset mimicking in the future period is weaker 

under habit formation than in the absence of habit formation. As such, even if we were to 

assume that the period-specific marginal willingness to pay for the public good is constant in 

present value terms, the case with equal degrees of habituation in private and public 

consumption still necessitates an adjustment of the second best efficient policy rule due to the 

fact that habituation affects the incentives of becoming a mimicker. The intuition is, of 

course, that public consumption in the second period does not matter as much under 

habituation (where 0σ > ) as it would in the absence of any habit formation (where 0σ = ); 

neither for the true types nor for the mimicker. Note finally that this additional incentive to 

adjust the public good provision for habituation vanishes in the special case where leisure is 

weakly separable from the other goods in the utility function, in which 
1 1 1 1

1 2
, ,

ˆ
g c g cMRS MRS=  

and 
2 2 2 2

1 2
, ,

ˆ
g c g cMRS MRS=   such that equations (7a) and (8b) coincide. 

We summarize these conclusions in Corollary 1. 

Corollary 1. With equal degrees of habituation in private and public consumption 

such that 0α ρ= > , the first best Pareto efficient policy rule typically means 

under-provision relative to the standard Samuelson condition. It coincides with 

the standard Samuelson condition if, and only if, the within-period marginal 

willingness to pay for the public good remains constant over time in present value 

terms. In a second best setting with a binding self-selection constraint, an 

additional reason to modify the provision rule must also be taken into account due 

to the fact that habit formation affects the incentives underlying mimicking.  
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Note that Corollary 1 only applies when the degrees of habituation in private and public 

consumption are equal. If the two intensities of habituation do not coincide, we may either 

have under-provision or over-provision relative to policy rules derived in model-economies 

without any habit formation. According to Proposition 1 we notice that habit formation in 

private consumption works in the direction of over-provision of the public good relative to the 

standard Samuelson condition (or a second best analogue thereof), while habit formation in 

public consumption works in the direction of under-provision. Finally, the first best efficient 

policy rule for public provision in equation (5) also points at another interesting insight: if 

2 2 1 1, ,
i i
g c g cMRS MRS>  (which seems plausible based on the arguments given above), we must 

have α ρ>  for equation (5) to coincide with the standard Samuelson condition. In this case, 

therefore, the applicability of the standard Samuelson condition presupposes that the intensity 

of habit formation is larger for private than for public consumption; not that the two 

intensities are the same. 

3. A Model with Variable Public Good Supply 

This section considers the case where the public good is a flow-variable, the level of which 

may vary between periods. As before, habit formation in private consumption contributes to 

over-provision and habit formation in public consumption to under-provision, ceteris paribus, 

relative to a standard policy rule. Yet, contrary to the results presented above, we find that the 

standard Samuelson condition remains valid for flow-variable types of public goods as long 

as the degrees of habit formation in private and public consumption are the same.  

The preferences and constraints faced by each individual are the same as before. The only 

difference is that the public good varies over time, meaning that G  may differ from g  in 

equation (1). By using 1
i ic c= , 2

i i ic x cα= − , 1g g= , and 2g G gρ= −  in the utility function 

(1’) we can then define the following period-specific marginal rates of substitution for each 

true ability-type (i=1,2) and the mimicker, as before: 

1 1

1

,
t

i
gi

g c i
c

U
MRS

U
= , 1

1 1

1

2
2

, 2

ˆ
ˆ

ˆ
g

g c
c

U
MRS

U
= , 2

2 2

2

,

i
gi

g c i
c

U
MRS

U
= , and  2

2 2

2

2
2

, 2

ˆ
ˆ

ˆ
g

g c
c

U
MRS

U
= , 

where the sub-script attached to the utility function denotes partial derivative. 

Based on the same assumptions as in Section 2, the social decision-problem can now be 

written as 

 ( )1 1 1 1

,c , ( 1,2), ,
max , , , ,

i i il x i g G
U c x c g G gα ρ

=
− −  



12 

such that 

 µ :     ( )2 2 2 2 2, , , ,U c x c g G g Uα ρ− − ≥  (9a) 

 λ :    ( )
1

2 2 2 2 1 1 1 1
2, , , , ,1 , , ,wU c x c g G g U c l x c g G g

w
α ρ α ρ

 
− − ≥ − − − 

 
  (9b) 

 γ :    0
1 1

i i
i i i i i

i i i

n x Gn w l n c g
r r

− − − − =
+ +∑ ∑ ∑ . (9c) 

The social first order conditions for private consumption take the same form as in Section 2 

and are given by equations (A1) – (A4) in the Appendix I, while the first order conditions for 

g  and G  are given in equations (A11) and (A12), respectively, in Appendix II. The solution 

to this problem gives the efficiency conditions for the public good, which are presented in 

Proposition 2. 

Proposition 2. With a variable public good supply, the Pareto efficient provision 

of the public good satisfies 

 ( )1 1 1 1 1 1

* 1 2
, 1 , ,

1 ˆ1 1
1 / (1 ) 1

i i
g c g c g c

i
n MRS MRS MRS

r r
α λ

ρ
  = + + −  + + +  
∑  (10a) 

 ( )2 2 2 2 2 2

* 1 2
, 2 , ,

ˆ1 i i
g c g c g c

i
n MRS MRS MRSλ= + −∑   (10b) 

where 
1

* 2
1

ˆ /cUλ λ γ=  and 
2

* 2
2

ˆ (1 ) /cU rλ λ γ= + . 

Proof: see the Appendix II. 

Equation (10b) is a conventional condition for public good provision, i.e., it takes the 

same form as in the absence of habit formation. The intuition is, of course, that there is no 

additional period beyond period 2, in which an increase in G causes disutility. The policy rule 

for public good provision in the first period, given by equation (10a), differs from equation 

(4) – the efficiency condition for a time-invariant public good – in how the degree of habit 

formation in public consumption enters.  

More specifically, with a variable supply of the public good, the efficient supply in the 

second period imposes additional structure on the effects of habit formation in public 

consumption. This is because public provision in the second period satisfies equation (10b). 

When deriving equation (10a), in Appendix II, we have thus used that the first order condition 

for public good provision in the second period implies that the following must hold: 

2 2 2 2

1 2 2 2ˆ / (1 )g g g gU U U U rρ ρµ ρλ ργ + + − = +  . As a consequence, the disutility caused by 
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habit formation in public consumption, which influences the public provision in the first 

period, is directly proportional to the marginal utility cost of public funds, γ , when the public 

good provision in the second period satisfies equation (10b). In other words, the marginal 

utility loss caused by habituation in public consumption, which contributes to reduce the first 

period supply of the public good, is directly proportional to the marginal benefit of public 

consumption in the second period (with ρ  being the factor of proportionality). 

As before, an interesting special case arises when the degrees of habituation are equal, i.e., 

[0,1]α ρ= ∈ . The following results refer to the efficient provision of the public good in the 

first period, and are direct consequences of Proposition 2: 

Corollary 2. With a variable public good supply, and if [0,1]α ρ= ∈ , we obtain 

the following efficiency condition for public provision in the first period: 

 ( )1 1 1 1 1 1

** 1 2
, 1 , ,

ˆ1 i i
g c g c g c

i
n MRS MRS MRSλ= + −∑ , (11a) 

where 
1

** 2
1

ˆ / [ (1 / (1 )]cU rλ λ γ ρ= + + . In the special case where individual 

productivity is observable, such that 0λ = , equation  (11a) reduces to read  

 
1 1,1 i i

g c
i

n MRS=∑ . (11b) 

Corollary 2 comprises all possible cases where habituation is the same for private and public 

consumption. When the self-selection constraint is not operative, the corresponding policy 

rule in equation (11b) always coincides with the conventional Samuelson condition, i.e., it 

takes the same form as in model-economies without any habit formation. Therefore, with a 

time-variant public good supply, the conventional first best policy surfaces as long as the 

degrees of habit formation in private and public consumption are the same. Note also that this 

conclusion does not require any additional assumption on how the marginal willingness to 

pay for the public good changes over time, as would be required to derive the corresponding 

result with a time-invariant public good. This illustrates a fundamental difference between a 

time-variant and time-invariant public good: with a time-variant public good, the effects on 

the policy rule of habituation in private and public consumption always cancel out as long as 

the two degrees are equal. Only when the degrees of adaptation to private and public 

consumption differ systematically, the standard policy rule for public good provision ought to 

be modified to account for habituation behavior. 
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A similar, albeit not identical, conclusion follows in a second best economy with a 

binding self-selection constraint. Equation (11a) is the standard efficiency condition for public 

provision in a second best economy with a binding self-selection constraint derived by 

Boadway and Keen (1993), with the only exception that the social marginal value of a 

relaxation of the self-selection constraint takes a slightly different form here. This is so 

because habituation affects the incentives faced by a potential mimicker and thus also the 

value that the government attaches to a relaxation of the self-selection constraint. By using 

equations (A1)–(A4) and (A12) in the Appendix, we can eliminate the quotient of Lagrange 

multipliers from the formula for **
1λ  in equation (11a) and derive the following real shadow 

price of a relaxation of the self-selection constraint: 

( ) ( )
1 1 2 2 2 2

2 2 2 2 2

2 1 2 2 2 1
, ,** 1

1 1 1 2
, ,

ˆ ˆ1 1 1 / (1 )
ˆ1 / (1 ) 1 / (1 ) 1 / (1 )(1 )

c c g c g c

c g c g c

U U MRS n MRS n rn
r U r rr MRS MRS

 − − + + = = −
 + + + + + ++ − 

λ αλ
γ ρ ρ ρ

. (12) 

Note that equation (12) is not a reduced form; the within-period marginal rates of substitution 

between the public good and private consumption depend on the degrees of habituation. It 

shows, instead, how the formula for the shadow price changes due to habituation and – in the 

context of equation (11a) – also how the policy rule for public good provision is modified 

when the consumers habituate in private and public consumption. 

To interpret equation (11a) in the light of equation (12), suppose that α ρ= , which is the 

condition on which Corollary 2 is based, and **
1 0λ > . In this case, if 

1 1 1 1

1 2
, ,

ˆ 0g c g cMRS MRS− >  

( 0< ), equations (11a) and (12) suggest that habituation modifies the policy rule in the sense 

of counteracting the incentive to relax the self-selection constraint through over-provision 

(under-provision) of the public good relative to the first best Samuelson condition. The 

intuition is that habit formation in public consumption – by reducing the total marginal 

willingness to pay for public goods – makes public good provision a less useful instrument to 

relax the self-selection constraint, ceteris paribus. Yet, it is important to emphasize that this 

comparison refers to policy rules; not levels of the public good. Our concern is to compare the 

policy rule under habituation with the second best efficient policy rule for public provision in 

a model without any habit formation. As explained above, we cannot in general say anything 

about levels, since the within-period marginal rates of substitution between the public good 

and private consumption are also affected by habit formation.  

4. Summary and Discussion 
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This paper analyzes the implications of habit formation in private and public consumption for 

the Pareto efficient provision of public goods. The purpose is to examine whether, and how, 

habit formation affects the incentives underlying public good provision. We examine two 

versions of the model: one in which the public good is fixed over time (with an interpretation 

in terms of a state-variable) and the other where the government directly decides on the 

supply of the public good in each period (with the interpretation in terms of a flow-variable).  

We also distinguish between a first best resource allocation and a second best allocation 

where information asymmetries prevent the government from reaching the first best. 

The take home message of the paper is summarized as follows. In general, habituation in 

public consumption leads to under-provision and habituation in private consumption to over-

provision of the public good relative to the Samuelson condition (or second best analogue to 

the Samuelson condition). This holds irrespective of whether the public good is fixed or 

varies over the periods. An interesting special case arises when the degrees of habituation in 

private and public consumption are the same, in which the two versions of the model give 

quite different results. First, with a variable public good supply, the first best policy rule will 

in this case coincide with the standard Samuelson condition, i.e., the same condition as in the 

absence of any habit formation. The intuition is that the direct effects of habituation on the 

policy rule for public good provision will cancel out in this special case. However, if 

individual productivity is private information (meaning that the government is unable to raise 

revenue through type-specific lump-sum taxes), this special case implies a minor deviation 

from the standard policy rule for a flow-variable public good, since habituation also affects 

the incentives for the government to relax the self-selection constraint through public good 

provision. Second, with a time-invariant public good supply, the special case with equal 

degrees of habituation in private and public consumption does not in general imply that 

standard policy rules for public good provision surface. As we saw above, the first best policy 

rule for this special case typically means under-provision relative to the standard Samuelson 

condition. 

Several extensions of the analysis carried out above are interesting for future research. One 

would be to extend the analysis to models where consumers are heterogeneous in terms of 

habit formation. Insights from behavioral economics also indicate that it might be fruitful to  

examine whether public good provision is a useful policy tool through which the government 
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can correct for behavioral mistakes such as myopic habits.7 Both these issues are clearly 

worth papers of their own, and we hope to address them in future research.  

Appendix I: Time-Invariant Supply of Public Goods 

The Lagrangean corresponding to the social decision-problem is given by 

 

( ) ( )

( )

1 1 1 1 2 2 2 2 2

1
2 2 2 2 1 1 1 1

2

, , , , (1 ) , , , , (1 )

, , , , (1 ) ,1 , , , (1 )

1

i i
i i i i i

i i i

L U c x c g g U c x c g g U

wU c x c g g U c l x c g g
w

n xn w l n c g
r

α ρ µ α ρ

λ α ρ α ρ

γ

 = − − + − − − 
  

+ − − − − − −  
  

 
+ − − − + 

∑ ∑ ∑

 

 . 

By using the short notations 1
i ic c= , 2

i i ic x cα= −  (i=1,2), 1g g= , and 2 (1 )g g ρ= − , the 

social first order conditions for private and public consumption can be written as 

 
1 2 1 2

1 1 2 2 1
1

ˆ ˆ( ) 0c c c c
L U U U U n
c

α λ α γ∂
= − − − − =

∂
 (A1) 

 
2 2

1
1 2

1
ˆ 0

1c c
L nU U

rx
γλ∂

= − − =
+∂

 (A2) 

 
1 2

2 2 2
2 ( )( ) 0c c

L U U n
c

µ λ α γ∂
= + − − =

∂
 (A3) 

 
2

2
2

2 ( ) 0
1c

L nU
rx

γµ λ∂
= + − =

+∂
 (A4) 

 
1 2 1 2 1 2

1 1 2 2 2 2ˆ ˆ(1 ) ( )[ (1 )] [ (1 )] 0g g g g g g
L U U U U U U
g

ρ µ λ ρ λ ρ γ∂
= + − + + + − − + − − =

∂
 (A5) 

where subscripts attached to the utility function denote partial derivatives, i.e., 

1 1/i i i
cU U c= ∂ ∂ , 

2 2/i i i
cU U c= ∂ ∂ , 

1 1/i i
gU U g= ∂ ∂ , and 

2 2/i i
gU U g= ∂ ∂  for i=1,2. 

Proof of Proposition 1 
By using equations (A1) – (A4), equation (A5) can be written as 

 

1 2

2 1 2 2

1 2

1 2

1 2

1 2 2

1 1 1
1 2 2 1 2

1 1

2 2 2
2 2 2

2 2 2

(1 )ˆ ˆ ˆ( )
1

(1 ) ˆ ˆ[ (1 )] 0.
1

g g
c c c c

c c

g g
g g

c c c

U U nU U U n U
U U r

U U nn U U
U U U r

ρ γα λ α γ λ

ρ γγ λ ρ γ
α

−   + − + + +   + 

−
+ − + − − =

− +

  (A6) 

Rearranging equation (A6), and rewriting the first term in the second row, gives 

                                                           
7 The implications of myopic habits for optimal income taxation have been examined in different contexts by 
Tuomala and Tenhunen (2013) and Aronsson and Schöb (forthcoming). 
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1 1 2

2 2

1 1 2

1 1 2

1 1 2 2

1 1 2 2

1 2

1 21 2

1 1 1 1
1 1 2

1 1 1

2 2 2 2
2

2 2 2 2

1 2 1 2
2 2

1 12 2

(1 )ˆ
1

(1 )
1

ˆ ˆ
ˆ ˆ (1 ) 0.ˆ ˆ

g g g
c c

c c c

g c g

c c c c

g g g g
c c

c cc c

U U U nn U U
U U U r

U U U nn
U U U U r

U U U U
U U

U UU U

ρ γγ α λ

ρ γγ
α

λ λ ρ γ

−
 + − +  +

−
+ +

− +

   
+ − + − − − =   

      

 (A7) 

Equation (A2) implies 

 
2 2

1
1 2ˆ

1c c
nU U

r
− =

+
γλ . (A8) 

Similarly, combining equations (A3) and (A4) gives 

 1 2 2

1 2 2

2 2 2

2 2 2

(1 )
1

(1 ) 1
c c c

c c c

U r U U
U U r U r

+ +
= = +

− + +

α α
α

. (A9) 

Substituting equations (A8) and (A9) into equation (A7) gives 

 

1 2

1 2

1 2

1 2

1 1 2 2

1 2

1 21 2

1 1 1
1

1 1

2 2 2
2

2 2

1 2 1 2
2 2

1 12 2

(1 )
1

1 1

(1 )
1

1 1

ˆ ˆ
ˆ ˆ (1 ) 0ˆ ˆ

g g

c c

g g

c c

g g g g
c c

c cc c

U U nn
U r U r

U U nn
U r U r

U U U U
U U

U UU U

− + + + + 

− + + + + + 

   
+ − + − − − =   

      

ρα γγ

ρα γγ

λ λ ρ γ

. (A10) 

which is equation (4) in Proposition 1. 

Appendix II: Variable Public Good Supply  

The Lagrangean is given by 

( ) ( )

( )

1 1 1 1 2 2 2 2 2

1
2 2 2 2 1 1 1 1

2

, , , , , , , ,

, , , , ,1 , , ,

1 1

i i
i i i i i

i i i

L U c x c g G g U c x c g G g U

wU c x c g G g U c l x c g G g
w

n x Gn w l n c g
r r

α ρ µ α ρ

λ α ρ α ρ

γ

 = − − + − − − 
  

+ − − − − − −  
  

 
+ − − − − + + 

∑ ∑ ∑

 

 . 

The social first order conditions for ic  and ix  (i=1,2) remain as in equations (A1) – (A4), 
while the social first order conditions for g  and G  can be written as 

                   ( )1 2 1 2 1 2 1 2

1 1 2 2 2 2 2 2ˆ ˆ 0g g g g g g g g
L U U U U U U U U
g

ρ µ ρ λ ρ ρ γ∂   = − + − + − − − − =   ∂
 (A11) 

 
2 2 2 2

1 2 2 2ˆ 0
1g g g g

L U U U U
G r

γµ λ∂  = + + − − = ∂ +
 (A12) 
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where we have used the short notation 1g g=  and 2g G gρ= − . 

Proof of Proposition 2 
Starting with the policy rule for the second period provision, G, we can substitute equations 
(A2) and (A4) into equation (A12) to derive 

 2 2

2 2

2 2

1 21 2
2 2

1 2
ˆ ˆ 0

1 1 1
g g

c g
c c

U Un nU U
U r U r r

γ γ γλ λ
 

+ + − − = + + + 
. (A13) 

Rearrangements give 

 2 2 2 2

2

2 2 2 2

1 2 1 21 2
2

1 2 1 2

ˆ
ˆ 0ˆ1 1 1

g g g g
c

c c c c

U U U Un n U
U r U r U rU

γ γ γλ
 

+ − − − = 
+ + +  

, (A14) 

which is equivalent to equation (10b) in Proposition 2. Turning to the optimal provision in the 
first period, g, note first that equation (A12) implies 

 
2 2 2 2

1 2 2 2ˆ 0
1g g g gU U U U

r
ργρ ρµ ρλ  + + − = =  +

. 

Substituting into equation (A11) gives 

 
2 1 1 1

1 2 2 2ˆ 1 0
1g g g gU U U U

r
ρµ λ γ   + + − − + =   + 

. (A15) 

By using equations (A1) and (A3), equation (A15) can be rewritten as 

 1 1

2 1 2 1

1 1 2

1 2
1 2 2 1 2 2

1 2 2
ˆ ˆ ˆ( ) 1 0.

1
g g

c c c g
c c c

U U
U U U n n U

U U U r
ρα λ α γ γ λ γ

α
  + − + + − − + =   − + 

 (A16) 

Rearranging equation (A16) gives 

 

1 1 1 1

2 2

1 1 1 1 2

1 1

1

1 1

1 1 2 2
1 1 2 2

1 1 2 2 2

1 2
2

1 2

ˆ

ˆ
ˆ 1 0.ˆ 1

g g g c
c c

c c c c c

g g
c

c c

U U U U
n U U n

U U U U U

U U
U

U rU

γ α λ γ
α

ρλ γ

 + − +  −

   + − − + =   +   

. (A17) 

Finally, using equations (A8) and (A9) in equation (A17) gives equation (10a) in Proposition 
2. 
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