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1. Introduction

The present paper concerns the optimal provision of a state-variable public good, such that
the public good can be seen as a stock that accumulates over time, in a dynamic economy
where people have positional preferences for private consumption. The latter means that
people derive utility from their own private consumption relative to that of other people, for
which there is now much evidence both from questionnaire-based experiments and happiness

research.’

The problem of characterizing the optimal provision of public goods under relative
consumption concerns is not new in itself: it has been analyzed in a static setting with lump-
sum taxes by Ng (1987) and Brekke and Howarth (2002), and in a static setting with second
best taxation by Wendner and Goulder (2008), Aronsson and Johansson-Stenman (2008,
forthcoming a) and Wendner (forthcoming). As a consequence of using static models, all
these studies have focused on cases where the public good is a flow variable, and where the
concept of relative consumption lacks a time-dimension. To our knowledge, the optimal
provision of public goods under relative consumption concerns has not been analyzed before
in a dynamic context. Since this dynamic problem for obvious reasons is more complex than
its static counterpart examined in previous research, one may wonder whether the value
added in terms of insights from such a study is worth the costs in terms of additional

complexity. We argue that it is for at least two reasons.

First, most public goods share important state-variable characteristics, in the sense that their
quality depend on previous actions, where the global climate stands out as a prime example.
Indeed, the question concerning how much we should invest to combat climate change is one
of the most important and discussed of our times. The current quality, and characteristics
more generally, of the atmosphere are clearly not only affected by the actions taken today
(such as current public abatement activities); they are also strongly affected by actions taken
in previous periods (cf. Stern 2007). Correspondingly, actions taken today will affect the

atmosphere for a long time. Similar arguments apply to many other public goods as well,

! See, e.g., Easterlin (2001), Johansson-Stenman et al. (2002), Blanchflower and Oswald (2004), Ferrer-i-
Carbonell (2005), Luttmer (2005), Solnick and Hemenway (2005), Carlsson et al. (2007), Clark and Senik
(2010) and Corazzini, Esposito and Majorano (2012). See also evidence from brain science (Fliessbach et al.
2007; Dohmen et al. 2011).



including infrastructural investments such as roads, schools and hospitals. Therefore, it is
clearly of high policy relevance to identify optimal provision rules for state variable public
goods, as well as understand how these rules are modified due to relative consumption
concerns, not least due to the important policy implications of such concerns found in other
literature on taxation and public expenditure. Given the dynamic nature of the policy problem
analyzed below, the paper will also, implicitly, touches on the discounting problem; yet, this

is not the main task, and we will not discuss any intergenerational equity issues.?

Second, the dynamic framework allows us to examine the implications of a broader set of
measures of relative consumption by considering comparisons based on keeping-up—with-the-
Joneses preferences, where each individual compares his/her current consumption with other
people’s current consumption, simultaneously with intertemporal consumption comparisons.
Such intertemporal comparisons may include comparisons with one’s own past consumption
as well as comparisons with other people’s past consumption, where the latter will be referred
to as catching-up—with-the-Joneses.®> The extension to intertemporal social comparisons is
important for several reasons: (i) There is empirical evidence suggesting that people make
comparisons with their own past consumption and with the past consumption of others.* (ii)
Intertemporal social comparisons have been found to have important implications for optimal
tax policy (Ljungqvist and Uhlig, 2000; Aronsson and Johansson-Stenman, 2012),°> and are
also consistent with the equity premium puzzle discussed in the literature on dynamic

macroeconomics (e.g., Abel, 1990; Campbell and Cochrane, 1999). (iii) Finally, such

% The choice of discount rate is perhaps the most discussed issue in the economics of global warming; see, e.g.,
Nordhaus (2007) and Stern (2007).

® Other literature sometimes uses the concepts of “keeping-up-with-the-Joneses” and “catching-up-with-the-
Joneses” in a more specific way based on assumptions about how the individual reacts to changes in others’
current and previous consumption; see, e.g., Alvarez-Cuadrado et al. (2004) and Wendner (2010 a, b).

* See, e.g., Loewenstein and Sicherman (1991) and Frank and Hutchens (1993) for evidence suggesting that
people make comparisons with their own past consumption. Senik (2009) presents further empirical evidence
pointing at the importance of historical benchmarks. She finds that the individual well-being increases if the
standard of living of the response person’s household increases by comparison to an internal benchmark given
by the household’s standard of living 15 year ago, and if the individual has done better in life than his/her
parents, ceteris paribus.

> Other literature on optimal taxation under relative consumption concerns typically focus on atemporal
(keeping-up-with-the-Joneses) comparisons; see, e.g., Boskin and Sheshinski (1978), Oswald (1983), Ireland
(2001), Dupor and Liu (2003) and Kanbur and Tuomala (2010).



comparisons are also in line with recent research based on evolutionary models, such as Rayo
and Becker (2007), in which there are evolutionary reasons for why people should compare
their own current consumption with three distinct reference points: others’ current
consumption, their own past consumption and others’ past consumption. Our study relates to
Rayo and Becker in the sense that we consider all three comparisons simultaneously in terms
of their implications for public good provision. In addition to the value of identifying how the
optimal public good provision rule should be modified due to these extensions, we argue that
it is equally important to identify the extent to which the basic insights from static models of
public good provision under relative consumption concerns carry over to the dynamic case
with state variable public goods. While some of the results derived below are similar to those

found in static models, other results are distinctly different.

Policy rules for public goods depend on the set of tax instruments that the government has at
its disposal. The model in the present paper builds on the models developed in Aronsson and
Johansson-Stenman (2010, 2012), which address optimal income taxation under asymmetric
information in an Overlapping Generations (OLG) framework with two ability-types but do
not consider public goods, the concern of the present paper.® Such a framework gives a
reasonably realistic description of the information constraints inherent in redistribution
policy; it also allows us to capture redistributive and corrective aspects of public good
provision, as well as interaction effects between them, in a relatively simple way. Section 2
presents the OLG framework, preference structure and individual optimization problems,
while Section 3 considers the optimization problems of firms. In Section 4, we describe the
corresponding optimization problem facing the government. Section 5 presents rather general
expressions for the optimal provision rule, which are valid for all kinds of social
comparisons. Yet, while these results provide general insights on the incentives for public
provision under relative consumption concerns, they are not directly interpretable in terms of
the strength of such concerns. Therefore, the provision rules derived in the following sections

6 and 7 are expressed directly in terms of the degrees of positionality.

® The seminal paper on public good provision under optimal nonlinear income taxation is Hylland and
Zeckhauser (1979), whereas Boadway and Keen (1993) was the first study dealing with this problem based on
the self-selection approach to optimal taxation developed by Stern (1982) and Stiglitz (1982).



Section 6 concerns the case where the individual only compares his/her own current
consumption with other people’s current consumption (Keeping-up-with-the-Joneses
preferences); as such, it builds on the model by Aronsson and Johansson-Stenman (2010) and
extends it to encompass public goods. The results here are shown to depend crucially on the
preference elicitation format. If people’s marginal willingness to pay for the public good is
measured independently, i.e. without considering that other people also have to pay for
increased public provision, then relative consumption concerns typically (for reasonable
parameter values) work in the direction of increasing the optimal provision of the public
good. However, this is not the case when a referendum format is used, so that people are
asked for their marginal willingness to pay conditional on that all people will have to pay for
increased public provision. Conditions are also presented for when a dynamic analogue of the

conventional Samuelson (1954) rule applies.

Section 7 considers the more general case with both keeping-up and catching-up-with-the-
Joneses preferences simultaneously, i.e. where people derive utility from their own
consumption relative to the current and past consumption of others, as well as relative to their
own past consumption; as such, the model extends the one in Aronsson and Johansson-
Stenman (2012) to encompass public goods. Under some further simplifying assumptions
(e.g., about the population size and how the concerns for relative consumption change over
time), it is shown that the policy rule for public provision can be written as a straightforward
extension of the corresponding policy rule derived solely on the basis of keeping-up-with-the-
Joneses preferences in Section 6. However, contrary to the findings in Section 6, we also
show that if individuals compare their own consumption with other people’s past
consumption, a referendum format for measuring marginal benefits conditional on that others
also have to pay for the public good no longer leads to a straight forward dynamic analogue
to the Samuelson condition. Section 8 provides some concluding remarks. Proofs of all
propositions (along with some other calculations) are provided in the Appendix.

2. The OLG Economy and Individual Preferences

We consider an economy where individuals live for two periods. An individual of generation
t is young in period t and old in period t+1. We assume that each individual works during the
first period of life and does not work during the second. Individuals differ in ability
(productivity) and we simplify by considering a framework with two ability-types, where the



low-ability type (type 1) is less productive than the high-ability type (type 2). Each individual
of ability type i and generation t cares about his/her consumption when young and when old,

¢/ and x,; his/her leisure when young, z;; and the amount of the public good available
when young and when old, G, and G,,;. The individual also derives utility through his/her

relative consumption by comparison with (a) other people’s current consumption, (b) his/her
own past consumption, and (c) other people’s past consumption. This is soon to be explained

more thoroughly.

The life-time utility function faced by ability-type i of generation t is written as follows:

i i fnl o0 i i = i = i i A = i =
Ut :Vt (Ct'zt’XHl’Ct —Cy Xiyq —Ciar X —Ch G _Ct—l’xt+1_ct’Gt’Gt+1)

:Vti (Ctivzti’xtiu’cti _Etlxtiu_ém’ctl _(_:l—l’xtlﬂ_et’Gt’GHl) 1 (1)
:utl(ctl’Ztl7th+1’6t—l’(_:t7(_:t+17Gt’Gt+1)
where ¢, =" [nic/+n,x' |/ > [nl+n, | denotes the average consumption in the economy
as a whole in period t; n| measures the number of young individuals of ability-type i in

period t, (implying, of course, that n, represents the number of old individuals of ability-
type i in period t). The five consumption differences in equation (1) — as represented by the
fourth to eights argument in the function V'(-) - are measures of relative consumption, and
imply that the individual compares his/her current consumption with (a) the current average
consumption when young and when old, i.e., ¢ -C and x,-C,; (b) his/her own

consumption one period earlier when old, i.e., x, —c; and (c) the average consumption one

period earlier when young and when old, i.e., ¢/ -¢,_, and x,,—C,. Two things are worth

noticing. First, the relative consumption is defined as the difference between the individual’s
own consumption and the appropriate reference measure; this approach is technically
convenient and also taken in many previous studies (e.g., Akerlof, 1997; Corneo and Jeanne,
1997; Ljungqvist and Uhlig, 2000; Bowles and Park, 2005; Carlsson et al.; 2007).” Second,

" An alternative is the (slightly less technically convenient) ratio comparison, where the individual’s relative
consumption is defined by the ratio between the individual’s own consumption and the reference measure (e.g.,
Boskin and Sheshinski, 1978; Layard, 1980; Abel, 2005; Wendner and Goulder, 2008). Aronsson and
Johansson-Stenman (forthcoming b) derived optimal income taxation rules in a static model based on both

difference and ratio comparisons and concluded that the main qualitative insights obtained are unaffected by



the measures of reference consumption implicit in comparisons (a) and (c) are indicators of
the average consumption in the economy as a whole, which is the common way to define

reference consumption in earlier studies.®

To explain the second utility formulation in equation (1), i.e. the function v/ ("), note that c;
and x,, are decision variables of the individual; therefore, we can without loss of generality

use the simpler function v;(-) on the second line, where the effect of x{,, —c! on utility is

embedded in the effects of ¢/ and x/,. As such, habit formation does not produce a
corrective motive for provision of public goods. The function u () is a convenient reduced

form to be used in some of the calculations presented below; however, u/(-) also represents

the most general utility formulation in the sense of not specifying how the relative
consumption comparisons are made (other than that other’s consumption gives rise to

negative externalities).

The policy rules for public provision examined below reflect the extent to which relative
consumption concerns are important for individual well-being. As such, it is useful to

measure the degree to which such concerns matter for each individual, which we will do by
employing the second utility formulation, v{(-), in equation (1). By using the following
variables:

A =6 T, AL=X,-Cu &°=C-C 1 ES
as short notations for the four differences in the function v;(-), we follow Aronsson and

Johansson-Stenman (2012) and define the degree of current consumption positionality for

ability-type i of generation t when young and old, respectively, as

comparison type. The same applies here: although the choice to focus on difference comparisons instead of ratio
comparisons will affect the exact form of the policy rules derived below, it is of no significance for the
qualitative insights from our analysis.

& Almost all previous studies on optimal tax and/or expenditure policy under relative consumption concerns
assume that individuals compare their own consumption with a measure of average consumption. In a study of
optimal taxation, Aronsson and Johansson-Stenman (2010) consider alternative reference measures based on
within-generation and upward comparisons, respectively, and find tax policy responses that are qualitatively
similar to those that follow if the reference point is based solely on the average consumption. Upward

comparisons are also analyzed by Micheletto (2011).
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while we define the degree of intertemporal consumption positionality when young and when

old, respectively, as follows:

i,c __ Vt,5° 4
A= VAR VNI @
t,A® t,6° te
Vi
ix _ t,0%
VIRV ©)

t,A* t,6% t,x

Here, sub-indexes indicate partial derivative, i.e. v .=ov()/oc, v, =0v()/ox,,,
Vi = OIOA, v =V (10N, v =V ()] 85 and v, = V()] 85T

Note that equations (2) and (3) reflect comparisons with other people’s current consumption,
i.e. the keeping-up-with-the-Joneses motive for relative consumption. The variable «;°,
which denotes the degree of current consumption positionality when young, is interpretable

as the fraction of the overall utility increase from an additional dollar spent on private

consumption when young in period t that is due to the increased consumption relative to the
average consumption in period t. For example, if «° =0.3 then 30% of the utility increase
from the last dollar spent by the individual when young in period t is due to the increased

relative consumption compared to other people’s current consumption in the same period;

hence, 70% is due to a combination of increased absolute consumption and increased relative
consumption compared to other people’s past consumption. The variable ¢% has an
analogous interpretation for the old individual in period t+1. Equations (4) and (5) reflect
comparisons with other people’s past consumption, i.e. the catching-up-with-the-Joneses

motive for relative consumption. S denotes the fraction of the overall utility increase from



an additional dollar spent when young in period t that is due to the increased consumption

relative to other people’s past consumption; A has an analogous interpretation for the old

consumer in period t+1.

Returning finally to equation (1), the state variable public good is governed by the difference

equation

Gt =0+ (1_§)Gt—1’ (6)

where g, is the addition to the public good in period t, provided by the government, and & is

the rate of depreciation. Therefore, the traditional flow-variable public good appears as the

special case where £ =1.

Each individual of any generation t treats the measures of reference consumption, i.e. €, ,, C,

and T

t+17

as exogenous during optimization (while these measures are of course endogenous
to the government, as will be explained below). Let I! denote the hours of work by an
individual of ability-type i in period t, while w! denotes the before-tax wage rate, s’ savings,
and r, the market interest rate in period t. Also, let T,(-) and ®,,,(-) denote the payments of

labor income and capital income taxes in period t and t+1, respectively. The individual

budget constraint can then be written as

Wl =T, W) -5 =, (7)

Sti (1+ rt+1) - (Dt+l(sti rt+l) = Xti+l' (8)
The individual first order conditions for work hours and savings are standard. Since these
conditions are not used to derive the cost benefit rules for public goods analyzed below, they

are presented in the Appendix.

3. Firm Behavior
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We model the production sector in a standard way: it consists of identical competitive firms,
whose number is normalized to one for notational convenience, producing a homogenous
good under constant returns to scale. This output is used for both public and private

consumption, as described in section 4. The production function is written as

Yo=F(L LK), 9)

where Y, denotes the output (national product), while L} =nl! is the total number of hours of
work supplied by ability-type i in period t, and K, is the capital stock in period t.The

representative firm obeys the standard optimality conditions

F.(LL.K)=w fori=1,2 (10)

F(L. LK) =r,. (11)

To simplify the calculations below, we introduce an additional assumption; namely, that the

relative wage rate (often called wage ratio) in period t, ¢ =w /W’ = F./F_, does not depend

directly on K., which holds for standard constant returns to scale production functions such

as the Cobb-Douglas and CES. This means that the intertemporal tradeoff faced by the

government will be driven solely by the interest rate.
4. The Government’s Optimization Problem

We will use an as general social welfare function as possible, by assuming that social welfare
increases with the utility of any individual type alive at any time period, without saying
anything more regarding these relationships. Following Aronsson and Johansson-Stenman
(2010, 2012), we then assume that the government faces a general social welfare function as

follows:
W =W (iU, n2UZ, nUL n2U?, ..., (12)

which is increasing in each argument. Since ability is assumed to be private information, the

public policy must also satisfy a self-selection constraint. As in most of the literature on
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redistribution under asymmetric information, we consider a case where the government wants
to redistribute from the high-ability to the low-ability type, implying that the self-selection

constraint must prevent the high-ability type from acting as a mimicker, i.e.

Utz = uI2 (CtZ’ th 1 X12+1’Et—1’ Cir Craa Gt’Gt+l) (13)

2 ut2 (Ctl’1_¢t Itl’ th+1’6t—116t’6[+1’Gt1Gt+l) :Ut2
The left hand side of equation (13) denotes the utility of the high-ability type, while the right
hand side is the utility of the mimicker (a high ability type who pretends to be a low-ability
type); the time endowment available for work hours and leisure is normalized to one. The

variable ¢ I is interpretable as the mimicker’s labor supply; since ¢ =w' /w’ <1, we have

# I <1'. Notice also that equation (13) is based on the assumption that all income is
observable to the government: therefore, a high-ability mimicker must actually mimic the

point chosen by the low-ability type on both tax function and, therefore, consume the same

amount as the low-ability type in both periods.

The resource constraint for this economy means that the output is used for private

consumption as well as private and public investment, and is written as follows:
142 2 il i i
F(L, LK)+ K =D [ nfe/+n % |-K; —g,=0. (14)
i=1

The second best problem will be formulated as a direct decision problem, i.e. to choose I,

¢, xt, 12, ¢, x*, K,, g, and G, for all t to maximize the social welfare function presented

in equation (12) subject to equations (6), (13) and (14). The government also recognizes that
the measures of reference consumption are endogenous as defined by the mean-value formula

presented in Section 2. The Lagrangean can be written as
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£=W (U5, mu¢,nu},nfu?,.) + > A [ U2 -0
t

+Z7t|:F(L%' Lf1 Kt)+ Kt _Z:[nticti +nti—1xti]_Kt+1_gt] (15)

+Z Hy [gt + (1_ é:)Gt—l _Gt]

where A, y and u are Lagrange multipliers. The first-order conditions are presented in the

Appendix. These conditions will now be used to analyze the optimal provision of the public
good.

5. A General Rule for Public Good Provision when Relative Consumption Matters

In this section we present general optimality conditions for the public good provision in a
format that facilitates straightforward economic interpretations and comparisons with the
benchmark case with no relative consumption concerns. More specifically, the optimal
provision rules will be expressed in terms of what we will dente the positionality effect, i.e.

the welfare effect associated with changed reference consumption per se.

Let 0/ =u’(c;,1-4l', % ,,C ,,C,C.,,G,,G,,,) denote the utility faced by the mimicker of
generation t based on the function u?(-) in equation (1). We can then define the marginal rate

of substitution between the public good and private consumption for the young and old

ability-type i, and for the young and old mimicker, in period t as follows:

ui ui 02 02
MRSy, =—2, MRS{', =——=%, MRSZ! =—= and MRSS! =
ut,c t—1,x ut,c ut—l,x
To shorten the formulas to be derived, we shall also use the short notations
MB, s =D niMRS¢', + > n MRS, (16)
0, = 4,02, [ MRSY, - MRS |+ 4 0%, [ MRS, ~MRsZ, | (17)

for the sum of the marginal willingness to pay for the public good (measured as the marginal
rate of substitution between the public good and private consumption) among those alive in

period t and the difference in the marginal value attached to the public good between low-
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ability-type and the mimicker (measured both for the young and old) in period t, respectively.

To facilitate later interpretations, we assume that MB,; is decreasing in G,.° We are nowable

to derive the following result:

Proposition 1. The optimal provision of the public good is characterized by

°° MB .
Z P {MBWG + Qe 6_5 }[1_9&] =1 (18)
=0 Mt Y Nt+r7/t+r actw

Following Aronsson and Johansson-Stenman (2010), the partial derivative of the Lagrangean

with respect to the reference consumption in period t, i.e.0£/0c,, will be called the

positionality effect in period t, and reflects the overall welfare consequences of an increase in

C,, holding each individual’s own consumption constant. As such, it is a measure of the
“positional externality” of private consumption. While it is reasonable to expect 0.£ /¢t to

be negative, since for each individual ut‘@ <0 and ut‘fH <0, it is theoretically possible that it

is positive due to effects through the self-selection constraint to be discussed more thoroughly

in the following sections.

Before interpreting Proposition 1 further, let us first consider the special case where £=1, in
which the state-variable public good is equivalent to an atemporal control (or flow) variable,

i.e. G, =g,, so that we can simplify equation (18) and obtain:

Corollary 1. If the public good is a flow variable, so that £ =1, then the optimal provision
of the public good satisfies

MBc 0L

MBt,G+Qt_ N, o
t/t t

(19)

Equation (19) is analogous to the formula for public provision derived in a static model by
Aronsson and Johansson-Stenman (2008). The right-hand side is the direct marginal cost of

° A sufficient — yet not necessary — condition for this property to hold is that private and public consumption, if

measured in the same period, are weak complements in the utility function.
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providing the public good, which is measured as the marginal rate of transformation between
the public good and the private consumption good and is normalized to one, whereas the left-
hand side is interpretable as the marginal benefit of the public good adjusted for the
influences of the self-selection constraint and positional preferences, respectively. With a
flow-variable public good, the main differences between a static model and the intertemporal
model analyzed here are that the self-selection effect and positionality effect relevant for
public provision in period t reflect the incentives facing generations t and t-1, as the high-

ability type in each of these generations may act as a mimicker in period t.

Let us now return to the case with a state variable public good, i.e. where & <1. Equation

(18) essentially combines the policy rule for a state-variable public good in an OLG model
without positional preferences derived by Pirttil4d and Tuomala (2001) with an indicator of
how the marginal benefit of an incremental public good is modified by relative consumption
concerns. Again, the right-hand side is the direct marginal cost of a small increase in the
contribution to the public good in period t, which is measured as the marginal rate of
transformation between the public good and the private consumption good, whereas the left-
hand side measures the marginal benefit of an increase in the contribution to the public good
in period t adjusted for the influences of the self-selection constraint and positional
preferences, respectively. Note that this measure of adjusted marginal benefit is intertemporal

as an increase in g,, ceteris paribus, affects the utility of each ability-type, as well as the self-

selection constraint and the welfare the government attaches to increased reference
consumption, in all future periods. The latter means that the marginal benefit of an increment
to the public good in period t depends an intertemporal sum of positionality effects; not just
the positionality effect in period t. Therefore, positional concerns affect state variable and

flow variable public goods differently, which will be described more thoroughly below.

6. Optimal Provision Rules with Keeping-up-with-the-Joneses Preferences

The positionality effect included in equation (18) is crucial for our understanding of how the
incentives underlying public provision depend on the relative consumption concerns. In this
section, we assume that the positional preferences are of the keeping-up-with-the-Joneses
type, meaning that each individual derives utility from his/her own current consumption

relative to the current average consumption in the in the economy as a whole, and that each
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individual makes this comparison both when young and when old. As indicated above, we
abstract from catching-up-with-the-Joneses comparisons here; such comparisons are

addressed in Section 8 below. This simplification means that the variables &° =c/ -¢_, and

5% =x, —C, vanish from equation (1) and, as a consequence, that the intertemporal degrees

of positionality are equal to zero.

When the preferences are of the keeping-up-with-the-Joneses type, the positionality effect
only reflects current degrees of positionality. By using equations (2) and (3) — which
represent measures of the current degree of positionality at the individual level — we can
define the average degree of current consumption positionality in period t as follows:

Za'x tlJrZ“oc'c—.e(O 1), (20a)

where N, = Zi[nt‘_l +n] denotes total population in period t . We also introduce an indicator

of the difference in the degree of current consumption positionality between the mimicker

and the low-ability type in period t, o, such that

al = A lutztx [aZX_alx]_'_ﬂ‘tutc [au alC], (20b)

t t t t

7N, 7N,

where the symbol “~” denotes “mimicker” (as before), while the superindex “d” stands for
“difference.” Thus, o reflects an aggregate measure of the positionality differences between
the young mimicker and the young low-ability type and between the old mimicker and the
old low-ability type, respectively. Consequently, ' >0 (<0) if the mimicker is always, i.e.

both when young and old, more (less) positional than the low-ability type. Following
Aronsson and Johansson-Stenman (2010), the positionality effect associated with the

keeping-up-with-the-Joneses type of positional preferences can then be written as follows;

—N

oL o, —
E = AN (21)
t

—af
a,
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Therefore, the overall welfare effects of an increase in the level of reference consumption in
period t, ceteris paribus, contains two components. The first is the average degree of current

positionality, ¢, which contributes to decrease the right hand side of equation (21). This
negative effect arises because the utility facing each individual of generation t depends

negatively on €, via the argument ¢ —

C, in the utility function, and the utility facing each
individual of generation t-1 depends negatively on €, via the argument x' —C,. As such, the
average degree of current positionality reflects the magnitude of the positional externality.
The second component in equation (21), «, appears because the mimicker and the

(mimicked) low-ability type typically differs with respect to the degree of positionality,

which the government may exploit to relax the self-selection constraint. If o >0 (<0),

increased reference consumption in period t leads to a relaxation (tightening) of the self-

selection constraint, as it means that the mimicker is hurt more (less) than the low-ability
type. As a consequence, this effect may either counteract (o >0) or reinforce (o <0) the

negative positional consumption externality.

By substituting equation (21) into equation (19), we can derive the following result:

Proposition 2. The optimal provision of the public good based on keeping-up-with-the-

Joneses preferences is characterized by

1-«

t+r

% _d
Z 7/“'2' |:MBt+r,G L C_Kt+r +Qt+r:|[1_éj]r =1. (22)

The interesting aspect of Proposition 2 is that the effects of positional concerns are captured

by a single multiplier, (1-«.)/(-¢,

+7

), which is interpretable as the “positionality-

+7

weight” in period t+7. The average degree of positionality, &, , contributes to scale up the

aggregate instantaneous marginal benefit and, therefore, increases the provision of the public

good. As explained above, the effect of «_(the measure of differences in the degree of

positionality between the mimicker and the low-ability type) can be either positive or

d

negative. If o, >0, this mechanism contributes to scale down the marginal benefit of public

consumption in period t+z. The intuition is, of course, that additional resources spent on
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private consumption leads to a relaxation of the self-selection constraint in this case (as the

mimicker is more positional than the low-ability type). If a’ <0, on the other hand, this

t+r

mechanism works in this opposite direction.,

Therefore, a sufficient (not necessary) condition for the positionality weight in period t+7 to
scale up the aggregate instantaneous marginal benefit of the public good in that period is that

d
(04

t+7

<0, meaning that the low-ability type is at least as positional as the mimicker. In the

Appendix, we derive the following result more generally:

Proposition 3. A neccessary and sufficient condition for the joint impact of present and

future positionality effects to increase the contribution to the public good in period t is that

0 — d
3 MB,,. %[1—5]’ >0.

=0 t+7

Hence, a sufficient condition is that the low-ability type is predominantly at least as

positional as the mimicker in the sense that

3 MB,,. “tg [1-&] <o0.

Note that even though the second condition in Proposition 3 is much stronger than the first, it
still does not require the low-ability types to be at least as positional as the mimickers in all
periods. Instead, as long as the low-ability type is predominantly as least as positional as the
mimicker — which imposes a condition on a weighted average of future differences in the
degree of positionality — this is perfectly consistent with the possibility that the mimicker is

more positional than the low-ability type during certain periods or intervals of time.

Let us next consider conditions for when the second-best adjustments through the impacts on

the self-selection constraints, i.e. the effects of the variables Q, and ¢ for all t, vanish from

the policy rule for public provision. We have derived the following result;

Proposition 4. If leisure is weakly separable from private and public consumption in the
sense that the utility function can be written as U/ =g (h (¢!, x.;, A, AP, G,,G,,,), z}) for all

t, then the optimal policy rule for the public good is given by
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4 - EA_B;"G [1-¢] =1 (23)
t

t+r

00
7=0

Note that while we still allow for type-specific preferences, here the function h,(-) is common

to all consumers of generation t. In the absence of relative consumption concerns (in which

case ¢, =0 for all t), equation (23) coincides with a dynamic analogue to the standard

Samuelson condition. This result is modified here because the policy rule still reflects a
desire to correct for positional externalities, which works to increase the marginal benefit of

the public good (since 1/(1—¢,) >1 for all t by assumption). The intuition behind Proposition

4 is that if leisure is weakly separable from the other goods in the utility function — and with

the additional restriction that the function h,(-) is common for the two ability-types — it

follows that Q, =« =0 for all t, i.e. neither the marginal willingness to pay for the public

good nor the degree of positionality differs between the mimicker and the low-ability type.
As a consequence, there is no longer an incentive for the government to modify the provision

of the public good to relax the self-selection constraint.

Following Aronsson and Johansson-Stenman (2008), it is interesting to consider the role of
preference elicitation for the public good. Note first that individual benefits of the public
good are so far measured by each individual’s marginal willingness to pay for a small
increment, ceteris paribus, i.e. while holding everything else, including others’ private
consumption, fixed. At the same time, increased public provision typically comes together
with other changes, notably that one’s own as well as other people’s taxes or charges are
increased. In one frequently used method, the contingent valuation method, it is typically
recommended (see Arrow et al. 1993) that a realistic payment vehicle is used when asking
people about their maximum willingness to pay. One commonly used payment vehicle is to
ask subjects how they would vote in a referendum where everybody would have to pay a
certain amount, the same for all, through increased taxes (or charges) for the improvement. In
the standard case where people do not care about relative consumption, this formulation has
no important theoretical implication. Here, however, it does. To see this, let us define the
marginal rate of substitution between the public good and private consumption at any time, t,

conditional on the requirement that ¢/ —¢, and x,—C,, remain constant, which would
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follow if the willingness to pay question were supplemented by the information that
everybody has to pay the same amount for an incremental public good.

With reference to equation (1), this measure of marginal willingness to pay, conditional on

that others would have to pay equally much on the margin, can then be defined as follows:

Definition. An individual’s conditional marginal willingness to pay for the public good when

young and old, respectively, is defined by:

VS

CMRSY, = —>, (24a)
' Vt,C
0 Viag

CMRSY', = —=. (24D)
' V

t-1,x

In a way similar to equation (17), we may construct an aggregate marginal benefit measure
consisting of the sum of all people’s (alive in period t) marginal willingness to pay for the
public good, conditional on that others will also have to pay equally much on the margin, as

follows:

CMB,; =Y n; CMRSS, + > n; CMRSy, . (25)

The question is then how the optimal provision rule will change if expressed as a function of
CMB, ; instead of MB, ; ? By using

—a, CMRS;
Y, =cov L % , o
1-a CMRSg,

as a short notation for the (normalized) covariance between the degree of non-positionality,

measured by 1-¢; , and the marginal willingness to pay for the public good, we have:

Proposition 5. Based on keeping-up-with-the-Joneses preferences, and expressed in terms of

conditional marginal WTPs, the optimal policy rule for public good provision is given by
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St [CMB, s [1+¥ ][1-af, ]+ Q... J1-¢] =1. (26)
=0 14

Compared to equation (22), we can observe two differences (in addition to the replacement of

MB,,, by CMB,,, ;): First and foremost, the benefit-amplifying factor 1/(1-¢,,) is not

part of equation (26). The intuition is straightforward. If others’ consumption is held constant,
each individual’s willingness to pay for increased public good provision would be reduced by
the fact that his/her relative consumption decreases. However, if each individual’s relative

consumption is held constant, as in Proposition 5, there is obviously no such effect. Second,

equation (26) include a factor [1+, ], for which the intuition can be given as follows. If the

conditional marginal WTP differs between the types, and all people will have to pay the same
amount on the margin, then those with a higher conditional marginal WTP will obtain a
utility increase, while the others will face a utility loss. The utility increase, in monetary
terms, will more than outweigh the utility loss if and only if those with a higher conditional
marginal WTP are less positional, i.e. if and only if the covariance between the degree of
non-positionality and the conditional marginal WTP is positive.

It is finally interesting to analyze whether there is some special case in which the second-best
policy rule for the public good reduces to a first-best policy rule. It turns out that there is, and
the following result gives sufficient conditions under which an intertemporal analogue to the

Samuelson rule applies:

Proposition 6. If - in addition to the conditions underlying Proposition 4 - we assume that (i)
the degree of positionality is the same for both ability-types in all periods, both when young
and when old, and (ii) the market interest rate is constant over time, then the optimal

provision of the public good, expressed in terms of conditional marginal WTPs, is given by

© CMBig .,y

7=0

Given that the degree of current consumption positionality is the same for everybody (in
which case there is no correlation between the marginal willingness to pay and the degree of

current consumption positionality at the individual level), then a weighted sum over time of
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instantaneous marginal benefits should equal the marginal cost of an incremental public
good. In other words, an intertemporal analogue to the traditional Samuelson rule applies.
What is less clear, perhaps, is how we should apply this or any other policy rule in practice,
as we would need information about the willingness to pay for the public good by future
generations. However, before taking the discussion about implementation to any greater

detail, it is important to know the point of departure.

Note also that in the special case where £ =1, i.e. the case where the public good is a flow

variable, Proposition 6 implies:

Corollary 2. In addition to the conditions governing Proposition 6 (except for a constant
interest rate which is not needed here), suppose that the public good is a flow variable, so

that £ =1. The policy rule for the public good then simplifies to read

CMB,, =1. (28)

Corollary 1 thus implies that the conventional Samuelson (1954) rule, expressed in marginal
willingness to pay conditional on the fact that also others have to pay on the margin, holds for

gach moment in time.

7. Optimal Provision of the Public Good under both keeping-up-with-the-Joneses and

catching-up-with-the-Joneses preferences

The analysis carried out in earlier sections is based on the assumption that the only measure
of reference consumption at the individual level, in any period, is based on the average
consumption in that particular period. Although this idea accords well with earlier literature
on public policy and positional preferences, it neglects the possibility that agents also
compare their own current consumption with both their own past consumption and that of
other people. In this section, we will present and analyze the more general model that takes

all these comparisons into account.

Note once again that equation (18) holds generally, i.e. irrespective of which form the relative

consumption concerns take. To be able to consider keeping-up-with-the-Joneses preferences
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simultaneously with catching-up-with-the-Joneses preferences, we must explore the

positionality effect, 0.£/¢cc,, for this more general case. The positionality effect will then

depend both on the current and intertemporal degrees of positionality. Therefore, in a way
similar to the average degree of current consumption positionality in equation (20a), we use
equations (4) and (5) to define the average degree of intertemporal consumption positionality

as follows:

B =Zﬂ:’x%+2ﬂ:’°%e(0,l). (29a)

Furthermore, and by analogy to the variable o defined in equation (20b), which is a

summary measure of differences in the degree of current positionality between the mimicker
and the low-ability type in period t, we define a corresponding measure of differences in the

degree of intertermporal positionality between the mimicker and the low-ability type,

~2 "2

ﬁtd _ ;l'll\tlt,x [ﬂAtz,x _ t1,x:|+%[létz,c _ tl,c:|. (29b)

t ot t

The variable B° has the same general interpretation as ¢ . In other words, B° >0 (<0) if

the young and old mimicker in period t are more (less) positional than the corresponding low-
ability type, where positionality is measured relative to other people’s past consumption. To
simplify the notation and facilitate comparison with equation (21), we use the following short
notation:

B = Ntyt[atd _c_lt] + Nt+17/t+1[IBt(-j¢-1 _Bt+l]_
' 1-a, 1-a,

We show in the Appendix (along with the proof of Proposition 7 below) that the positionality

effect associated with this more general model can be written as

oL & L B
=~ _B +§ B I I il B 30
= g 0
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The variable B, in equation (30) is analogous to the right hand side of equation (21) with the
modification that it also reflects the intertemporal (not just the current) degrees of
positionality. As such, it contains two additional components. First, —N, ,7..,/8.,/1—&) <0
is interpretable as the value of the positional externality associated with the catching-up-with-
the-Joneses motive for relative consumption comparisons. The underlying mechanism is, of

course, that ¢, directly affects individual utility negatively via the argument x/,, -, in the

utility function. Second, the component N, »..8°% /(1-a,) reflects the corresponding

welfare effects through the self-selection mechanism in period t+1. In a way similar to the
analogous measure of differences in the current degree of positionality between the mimicker
and the low-ability type, this effect means that increased reference consumption in period t

may either contribute to relax (4, >0) or tighten (A%, <0) of the self-selection constraint.

The final component on the right hand side of equation (30) arises due to an intertemporal
chain reaction: the intuition is that the catching-up-with-the-Joneses motive for consumption
comparisons, i.e., that other people’s past consumption affects utility, means that the welfare
effects of changes in the reference consumption are no longer time-separable (as they would

be without intertemporal consumption comparisons).
By substituting equation (30) into equation (19), we can derive the following result:

Proposition 7. The optimal provision of the public good based on keeping.-up-with-the-

Joneses and catching-up-with-the-Joneses preferences is characterized by

S MB > B :
Z fiae MB,,, ¢ +€., - we B, + Z B... # [1_ 5] =1.(31)
=0 7t Y Nt+17t+r i=1 j=1 1- at+j—1

The basic intuition behind Proposition 7 is analogous to that of Proposition 2; yet with the
modification that the catching-up-with-the-Joneses motive for consumption comparisons is
present in equation (31). This means that (i) increases in the average degrees of positionality
(both in the current and intertemporal dimensions) typically contribute to increased provision
of the public good, and (ii) differences in the degrees of positionality between the mimicker

and the low-ability type contribute to increase (decrease) the optimal provision of the public
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good if the low-ability type is predominantly more (less) positional than the mimicker is both

dimensions.

At the same time, equation (31) is not very tractable, due to the intertemporal chain reaction
caused by the catching-up-with-the-Joneses motive for relative consumption, and the
interpretation of its different components is far from obvious. Yet, by making some
additional simplifying assumptions, we are able to simplify the positionality effect given by
equation (30) considerably, and also derive a policy rule for public provision that takes the

same form as equation (22).

Assumptions A. @, =a, B=f,a’' =a", B*=p°, N=Nand r,=r vt

In other words, our measures of degrees of average positionality and positionality differences
between the types of people as well as the population size and the interest rate are assumed to
be constant over time. While these are of course important restrictions, they are hardly very
strong assumptions, and similar assumptions are frequently made in the comparable catching-
up-with-the-Joneses literature.’® It should also be noted that the model is still general enough
to reflect different preferences between ability-types types, including different degrees of

positionality.

Following Aronsson and Johansson-Stenman (2012), we can now define the average degree
of total consumption positionality and the difference in the degree of total consumption

positionality between the mimicker and the low-ability type, respectively, in present value

terms as
___. B
=q+-—"1—,
P 1+r
d
p° —at s P
1+r

Therefore, the average degree of total consumption positionality is measured as the average
degree of current consumption positionality plus the present value of the average degree of
intertemporal consumption positionality; the reason for calculating the present value is, of

course, that the intertemporal externality caused in period t gives rise to disutility in period

10 See, e.g., Campbell and Cochrane (1999) and Diaz et al. (2003).
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t+1. In a similar way, the measure of differences in the degree of total consumption
positionality between the mimicker and the low-ability type, p®, reflects differences in the
degree of current consumption positionality, «®, and the (present value of) differences in
intertemporal positionality, £°/(1+r). We can then, under Assumptions A, show (see the

Appendix) that equation (29) reduces to read

az d__
L _\, PP
o, 1- 5

which takes the same general form as in the absence of the catching-up-with-the-Joneses
motive for relative consumption, i.e. as equation (21). This implies that we are able to present
straightforward extensions of Propositions 2-6 and Corollary 2 to the more general case,

where we also consider catching-up-with-the-Joneses preferences:

Proposition 2’. Under Assumptions A, and based on keeping.-up-with—the-Joneses and
catching-up-with-the-Joneses preferences, the optimal provision of the public good is

characterized by

© _ d
3 L {MBM3 =, Qtﬂ}[l— & =1. (32)
=0 7t 1_p

Technically, the only difference compared to equation (22) is that the positionality-weight

based on current degrees, (1—a®)/(L—&), is here replaced by a corresponding positionality-

weight based on total degrees, (1—p")/(1—p). The intuition is that comparisons with other

people’s past consumption imply that the (young and old) individuals alive today impose a
negative positional externality on the individuals alive in the next period, i.e. the higher the
consumption in period t, ceteris paribus, the greater will be the utility loss due to lower
relative consumption in period t+1. As such, this intertemporal externality must be
considered simultaneously with the (atemporal) externality that affects others today. Due to
Assumptions A, the striking implication of Proposition 2’ is that the current and
intertermporal aspects of consumption positionality affect the incentives for public good
provision in exactly the same way. Therefore, the following results for when positional
concerns lead to increased contributions to the public good are analogous to Proposition 3:
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Proposition 3°. Under Assumptions A, and based on keeping.-up-with-the-Joneses and
catching-up-with-the-Joneses preferences, a neccessary and sufficient condition for the joint

impact of present and future positionality effects to increase the contribution to the public

good in period t is that p— p° > 0. Hence, a sufficient condition is that the low-ability type is

at least as positional as the mimicker in the sense that p° <0.

Again, the result from Section 7 carries over with the only modifications that & and « are
replaced by p and p®, respectively. Let us then consider conditions for when the second-

best adjustments through the impacts on the self-selection constraints vanish from the policy

rule for public provision. We can derive the following analogue to Proposition 4:

Proposition 4°. Given the conditions underlying Proposition 3°, and if leisure is weakly

separable from private and public consumption in the sense that the utility function can be
written as U! =q/(h(c/, X, A, A%, 6°,6:%,G,,G,,,),z)) for all t, then the optimal

provision of the public good is characterized by

“;G [1-¢] =1. (33)

Note that the separability condition in this case also includes the variables reflecting
consumption comparisons over time. Consequently, the conditions for when the second-best
adjustments through the impacts on the self-selection constraints vanish also carry over to

this more general case. Note also that p still remains in equation (33); the intuition is, of

course, that the government has an incentive to correct for (current and intertemporal)
positional externalities, even if it is unable to use the public good as an instrument the relax

the self-selection constraint.

As a final concern, let us once again examine the payment vehicle, where we ask subjects
how they would vote in a referendum where everybody have to pay the same amount for
increased public provision. What are the implications of adding the catching-up-with-the-
Joneses preferences to the model analyzed in Section 7? By using
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—a — CMRS!
A, =cov L % ’%—GC
1-a - f CMRS;,

to denote the (normalized) covariance between the total degree of non-positionality,
measured by 1-e«, — £,, and the conditional marginal WTP for the public good, we have the

following analogue to Proposition 5:

Proposition 5°. The optimal provision of the public good based on the keeping-up-with-the-
Joneses and catching-up-with-the-Joneses preferences and Assumptions A, and expressed in
terms of conditional marginal WTPs, can be characterized as

> 7y {CMBLG %[ﬂ AL pd]mm}[l_ To1 @)

There is one important difference between Propositions 5 and 5°. If all relative consumption
concerns are governed by the keeping-up-with-the-Joneses motive, as in Proposition 5, then
the average degree of consumption positionality vanishes from the policy rule for the
contribution to the public good. In equation (26), therefore, there was no incentive to modify
the formula for public provision in order to correct for positional externalities. This result no
longer applies in equation (34), since (1—a —)/(1-p) <1. Although the marginal WTPs
for each generation are measured with all aspects of relative consumption held constant at the
individual level, discounting of intertemporal positionality degrees tends to reduce the social
cost of increased reference consumption. As a consequence, if the relative consumption
concerns (or parts thereof) are driven by a catching-up-with-the-Joneses motive, there is an
incentive for the government to reduce the contribution to the public good, ceteris paribus, to
reach the optimal level of correction for positional externalities. The intuition is that the
catching-up-with-the-Joneses type of externality is characterized by a lime-lag between cause
and effect and must, therefore, be internalized before the welfare loss actually surfaces; e.g.,
because each individual’s consumption in period t leads to positional externalities in period
t+1. The social cost of spending one additional dollar on public consumption in period t,

relative to spending it in period t+1, is given by y,/y,, =1+r. As such, if the government at

any time t plans to internalize a positional externality in period t+1, it is more costly to do so

if this externality is generated by a catching-up-with-the-Joneses comparison than a keeping-
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up-with-the-Joneses comparison, which explains why externality-correction leads to a smaller
contribution to the public good in equation (34) than in equation (26), ceteris paribus.

For the same reason, adding a catching-up-with-the-Joneses motive for relative consumption
also implies that we have to modify the results presented in Proposition 6 and Corollary 2, the
analogues of which are presented as follows:

Proposition 6°. If - in addition to the conditions in Proposition 4’ - we assume that the
degree of current and intertemporal positionality, respectively, does not differ among ability-
types, neither for young nor for old individuals, then the optimal provision of the public good,

expressed in terms of conditional marginal WTPs, is given by

S Zuomp 122 g -1, (35)
=0 )t 1_p

Corollary 2°. If - in addition to the conditions in Proposition 6’ - the public good is a flow

variable, so that £ =1, then the optimal provision of the public good is given by
CMB,, ———=1. (36)

Equation (36) is interpretable as an analogue to the basic Samuelson rule, expressed in terms
of marginal willingness to pay conditional on that others will also have to pay the same
amount for the public good on the margin. Note also that if the interest rate is small enough,
meaning that the scale factor on the left hand side of equation (36) is close to one, then the
conventional Samuelson condition would still provide a reasonable rule-of-thumb for public
provision. This insight is clearly remarkable, since we simultaneously consider (i) a second-
best problem with asymmetric information between the government and the private sector,
(ii) distributional concerns, (iii) keeping-up-with-the-Joneses preferences, (iv) catching-up-
with-the-Joneses preferences and (v) internal habit formation. Yet, needless to say, the fact
that we are not able to claim that any of the assumptions underlying Corollary 2’ are biased in
a certain direction does of course not mean that they constitute good approximations to the

real world.
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8. Conclusion

The present paper is, as far as we know, the first to consider public good provision in a
dynamic second-best economy with asymmetric information under optimal taxation, where
people care about relative consumption. The model used is an extension of the standard
optimal nonlinear income tax model with two ability-types. Our approach recognizes three
mechanisms behind the positional concerns: each individual compares his/her current
consumption with (i) his/her own past consumption, (ii) other people’s current consumption
(keeping-up-with-the-Joneses), and (iii) other people’s past consumption (catching-up-with-
the-Joneses). As such, the present paper has in several respects generalized the literature on

optimal public expenditure when relative consumption matters.

For presentational reasons, we began by analyzing the simpler case where the comparison
with other people’s consumption is limited to their current consumption. This situation
enabled us to derive several distinct results with respect to the consequences of positional
preferences for the optimal provision of public goods. Clearly, as the public good in our
model is a state variable, the effects of positional preferences are more complex than in the
static model analyzed by Aronsson and Johansson-Stenman (2008). The reason is that the
marginal benefit of an incremental contribution to the public good in period t is intertemporal
(it reflects the present value of all future instantaneous marginal benefits), meaning that it is
governed by the preferences of the current and all future generations. If an individual’s
marginal willingness to pay for the public good is measured by holding the contributions
made by others constant, it follows that the more positional people are on average now and in
the future, ceteris paribus, the larger the optimal contributions to the public good compared
to the case where relative consumption comparisons are absent. However, it also matters
whether the low-ability type is more or less positional than the mimicker (both at present and
in the future), as this determines whether an incremental contribution to the public good in

period t relaxes or tightens the self-selection constraint.

We also show that the adjustment of the formula for public provision implied by relative
consumption concerns depends on whether each individual’s marginal willingness to pay is
elicited by holding everything else constant, or by using a payment vehicle implying that

each individual knows that other agents also have to pay. If people’s marginal willingness to
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pay for the public good is measured independently, i.e. without considering that other people
also have to pay for increased public provision, then relative consumption concerns typically
work in the direction of increasing the optimal provision of the public good. Yet, this is not
the case when a referendum format is used where people are asked for their marginal
willingness to pay conditional on the fact that others will also have to pay for the increased
public provision. In the latter case, additional conditions are presented for when a dynamic

analogue of the conventional Samuelson (1954) rule applies.

Adding the intertemporal aspects of relative consumption comparisons gives a richer
structure, as it enables us to distinguish between the current and intertemporal degrees of
consumption positionality. Although a catching-up-with-the-Joneses motive for relative
consumption gives rise to the same basic policy incentives as those caused by a keeping-up-
with-the-Joneses motive, comparisons with others’ past consumption makes the analysis
more complex, as the welfare effects of a change in the reference consumption in period t
effectively become dependent on the preferences of all future generations. Still, for the case
where the degrees of (current and intertemporal) consumption positionality are constant over
time, we derive a set of distinct results for public good provision when the relative
consumption concerns are governed both by the keeping-up-with-the-Joneses and catching-
up-with-the-Joneses preferences. Here, the total degree of consumption positionality plays the
same general role as the current degree of positionality does when all relative consumption
concerns are driven by the keeping-up-with-the-Joneses type of preferences. Despite these
technical similarities, however, preference elicitation through a referendum mechanism does
not in general lead to a dynamic analogue to the Samuelson condition under catching-up-
with-the-Joneses preferences (as it did under certain conditions in the simpler model where
all comparisons are driven by a keeping-up-with-the-Joneses motive). The reason is that the
catching-up-with-the-Joneses type of externality is characterized by a lime-lag between cause
and effect, which is not properly captured by a cost benefit rule related to the Samuelson

condition.

Let us finally return to the problem of climate change. The results here show that relative
consumption concerns, whether in comparison with others presently living or with others’
previous consumption, do have important implications for the calculations of future costs and
benefits of climate change (i.e. the change of the state-variable public good called the
climate). However, it is also demonstrated that it is possible to use the conventional (i.e.



31

without relative consumption concerns) dynamic (second-best) cost-benefit model provided
that the individual future costs and benefits associated with climate change are calculated
such that each individual’s relative consumption is held fixed (rather than others’

consumption is held fixed).™

In our view, the problems of identifying optimal public policy responses in a world where
people are motivated also by social comparisons are still under-researched, and there are still
many important aspects left to explore in future research. Examples include public provision
of private goods, heterogeneous relative consumption concerns (e.g., that people may
compare themselves more with their own ability-type), a multi-country setting, and the case

where agents also have positional preferences for public consumption.
Appendix

First order conditions for consumers

The first order conditions for work hours and savings can be written as, if expressed in terms

of the utility formulation u (-) in equation (1),
Ut [ 1T, () |-u;, =0,
Ul UL 11 (1 @ (sl ) | =0,
in which u}, =au; /ac;, u, =éu; /dz, and u/, =ou; /dx,,, and T, (W) and @, ,(sr;,,) are

the marginal labor income tax rate and the marginal capital income tax rate, respectively.

First-order conditions of the second best problem

The first-order conditions for I, ¢, x',, 17, ¢, x2,, K,.,, G, and g, are given by

oW . od
—W ngug’z +ﬂtut2'2 |:¢t + Itl E;:|+}/tntlwg = O, (Al)
W, ., nac
nur, — 402, -y +—+—=0, A2
a(ng_utl) tt,c 2‘[ t,c 7/[ t Nt a(—:t ( )

1 The practical problems associated with calculating such costs and benefits for future generations are of course

immense, and beyond the scope of this paper.
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oW nl oL
a n + =0, A3
AUy W A Ty e A9
oW oo,
2+ A (U, + 4071+ ynPw =0, A4
[8( 2U ) ﬂt} b2 ﬂ‘t It 74Tk (A4)
W, .2 e oL
——nN" + n?+-—4 =0, A5
_ﬁ(ntZUtZ) t ﬂ't:| }/t N ac ( )
B 2
S N T L i ) (A6)
_a(nt Ut) Nt+l a t+1
7/t+1(1+ rt+1)_7t =0, (A7)
2 oW Ay oW
Ug +——————n +
Ziamw e a(nt U, 1) g A‘[ }, (A8)
+Ay [ t-1,G, th ]"',um(l §)— =

where we have used that w; =F, (L, L5, K;t) for i=1,2, and r,=F (L, L, K;t) from

equations (11) and (12), i.e. from the first-order conditions of the firm.

Proof of Proposition 1.

We start by rewriting equation (A8) as

2
z aW tl tlclleSIt ﬂ —l t 1XMRS(I3tx:|
i< 6(n a(nt U ) . (A10)
+A |:ut,G :|+A1 [ 16, —lG J+M+1(1 &) -1, =0
Next we rewrite equations (A2), (A3), (A5), and (A6) as
oW 1 1 2 1 n 8£
=AU +yNn All
a(nlU ) /1‘ t.c yt t N ac ( )
a\zN nug U e = ﬂtutc 7 _n_%, (Al12)
o(nu?) N, JC,
w 2 . N, oL
—n u, =40, +yn ———, Al13
a(ntlilut{l) MUy, = A00 70 N, oc, ( )
ow 2,2 n, oL
n_u- = + - Al4d
a(ntz_lutz_l) 1Yt ;11—1 tx T 7N t ] N, 5_ ( )

Substituting equations (A11)-(Al14) into equation (A10) we obtain
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Y [nthRSé'tc +n?MRS2! +nt MRS + nf_lMRSé‘X][l— N, g‘ }
| ' ’ 1 Ve OC

#2407 | MRSY, ~MRSZ! |+ 4,07, , | MRSE, — MRSZ, | . (A15)
Tl [1_5] — 4, =0

Using the short notation

0, =7, [n§MRs§fc +Nn?MRSZ! +n ,MRSS', +nZ,MRSZ, ] {1— l%}

7, OC,
/11 MRS:t — MRS2* A, MRS — MRS2*
[ Gec ch|+ lt1x|: G,x G,x:|

We have that 1, =©, + 14,,[1-&] and hence 44, =0, + 14,,[1-&] so that
=0, +|:®t+l + My, [l_ Sg]][l_é]
- @ + [®t+1 + |:®t+2 + Hia [1_ ‘):]:I [1_ é: :| l_ é:]
=0, +0,,[1-¢]+0,,[1-¢] Z®t+, [1-¢] (A10)

M Bt+r G 6[

= zytﬂ' MBHT,G + Qtﬂ’ -
=0 Nt+17/t+r aCHT

}[1 g
where in the last step we have substituted back for ®, and used equations (17) and (18), i.e.

the definitions of MB_ ., and Q. . Using finally that 4 =y, from equation (A9), and

dividing both sides of equation (A16) by y,, we obtain equation (19).

Proof of Corollary 1.

Since

lim [1-¢] =0 forz>0and lim [1-¢] =1 forr=0,
¢—1 £l

equation (20) follows immediately from equation (19).

Proof of Proposition 2.

We will here explore the positionality effect, and then substitute this into equation (19). The

derivative of the Lagrangean with respect to C, is given by
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oL & W D LW
E:Za(n‘ u; )n“ut‘l'q +Za(niu‘)n‘u“q
T t—1-"t-1 Tt t .

= = (A17)
o U — 0 [+ 4 Ul 0 |
From equation (1) we have Ui, =V{ +V{, , Uz ==V, U, =V, +V, and ul. =-v, |,
)
UI,q =—au;,, (A18)
Ui, =AU (A19)

Corresponding expressions hold for the mimicker. By combining equations (A17), (A18), and

(A19), and the corresponding expressions for the mimicker, we obtain

2 i |x i 2 6W | |c i
=— u E u
Z a(nt 1ut 1) t -1 t -1%t-1, X a(n ) t t t,c .

i=1 (A20)
_/lt— I:atzfutzlx d&f[jilyx]_& I:atZ,Cut%C _atzycljtz,c:l
Substituting equations (A11)-(A14) into equation (A20) gives
oL  ayN 1 a2y . "2 ¢ a2c .
—_Z—L_“f—_[ﬂm S0 A6 oY+ AR LG - o} ]
Oc, 1-a, 1-g¢
d = , (A21)
o — oy
=N
7t 1-G,
where in the last step we have used the definition of ¢, . Substituting equation (A21) into

equation (19) gives finally equation (21).

Proof of Proposition 3.
That the joint impact of present and future positionality effects increases the contribution to
the public good in period t means that the benefit side is amplified by such effects compared

to the optimal provision rule without such concerns, i.e. that
Tt MB 1_at(ir Viar MB. 1—
Z t+7,G 1 + t+7 z I: t+TG t+r][ 5]
T =0 yt
and hence
1— d
Z Vier MB o t+r [1 é: Zy’[ﬂ MBHTG [1 (:] > O
1- t+r =0 /1t
which directly implies the first inequality of Proposition 3. That the second inequality

constitutes a sufficient condition for the first one is trivial since ¢, >0 for all t.
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Proof of Proposition 4.
If leisure is weakly separable from private and public consumption as specified for all t, and

where the sub-utility function h(-) is the same for both ability-types, then clearly

MRSZ2! = MRS, and MRSZ!, = MRSY!

G,x?

implying that Q, =0. Moreover, the positionality

_ ic

degrees will be the same for the mimicker and the low-ability type, implying that &° = ¢,

and & =a*, so that o =0 for all t.. Substituting &’ =0 and Q, =0for all t into

equation (21) implies equation (22).

Proof of Proposition 5.

Since MRS, =ug /., CMRS{ =vio /v;, and U, =V, it follows that

tc?
MRSy, =[v;, /u; JCMRSg'. . Using that u;, =v; . +Vv; , then implies that

. V i i i
MRS, = —°— CMRS/\, = (1-/*)CMRS, . (A22)

t,c +Vt,A[

Similarly, when old we have

MRS, = (1-a*)CMRS{, . (A23)
Substituting equations (A22) and (A23) into equation (17) then implies

MB,; = > n/(1-a°)CMRS, + > n, (1-o*)CMRSS',

—a. CMRS!
=(1-&,)CMB,; llJrcov[1 % —GCJ] , (A24)

1-& CMRS,
=(1-a,)CMB [1+ VY]
where we have used the previously defined ¥, . Substituting equation (A24) into equation

(21) implies equation (26).

Proof of Proposition 6.

From the conditions in Proposition 4 it follows that ' =0 and ©, =0. Moreover, since the
degree of positionality is the same for both types, we also have that ¥, =0. From equation
(A9) it follows, since the interest rate is constant, that y,.,/y =1/(1+r), and hence that

... [ 7. =1/(L+r)" . Substituting these conditions into equation (26) gives equation (27).
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Proof of Corollary 2.
Once again, since

lim [1-¢]' =0 forz>0and lim [1-¢] =1 forr=0,
&—o1 &l

equation (28) follows immediately from equation (27).

Proof of Proposition 7.
We will first derive the positionality effect in this more general case and then substitute this

effect into equation (19). The derivative of the Lagrangean with respect to €, can be written

as

2

Z 2
o, zla(ntlutl) g Z 'U) M
0

1
2

W 2 2
+ u, .+ u’, . -0’7, : A25
Z 6(nt+1ut+l) t+1 t+1,G 21 |: t-1,G t-1,G ] ( )

i=1
+ﬂt|: tc[_utct:l+ﬂt+1|: t+1,G, ut+1,§:|

From equation (1) we have

! Y
t,A t,60
U —V +V +V L=
t,AC t,6° ic ic
t t \ ﬂt
V! v
— i tAY t,5¢
u V +Vt AX Vt(zx ai,x ix !
t+1 t+1
ui* - ! c : X 1
4G t,Af t,5
u. =—v
G t,6¢ !
i i
4Gy Vt,AtX !
SO
i ic, i i, X, i
ut,q =0, ut,c_ t+lut,x' (A26)
i ic i
Ue, =P Upes (A27)
i i,X, i
U =—0" Uy, (A28)

which substituted into equation (A25) imply
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_ i,X, i

=— a,.u
Za(ntlutl)tltltlx

iamu) et A,

20 W e .
2y e A Ul | (A29)

i=1
+21|: ZC 2 tZ’Xut2+1x +a utc +ﬂt+x,\2 :|
+ﬂ't+l [ t2+:(L: t2+l c + ﬁtz ] t2+1 c:|
By substituting equations (A11)-(Al14) into equation (A29), and collecting terms, we obtain

oL k£ B _Ny a4 Pra

oc, ac, 1- “-a, 1-a,
G2 G

ﬂ‘t—l t—1,x I:&Z,x _ 1,x]+ ﬂ‘t t,c I:&Z,c _atl,c:|

a
— t t
1-a,

~2 ~2
n ﬂ‘tut,x 02X _ plx n ﬂt+1ut+1,c p2c _ plc
t+1 t+1 t+1 t+1

1—@ 1-g,

_+_
(A30)

1 |:13t+1 o + Nt7t[atd _&t]"' Nt+17t+1[ﬂtd _Bt+l]:|
t+1

where we have used the short notations ¢ and B° as defined earlier. Using the definition for
B, and the short notation

— ﬂ_t+1
"t

the recursive equation (A30) can more conveniently be rewritten as follows:

oL ot ot
—=B+ =B +¢| B, +
aEt t §0t aCHl §0t|: t+1 (0t+1 act+2:|
of
=B +¢|B.+o. {B+ R e H
t t{ t+1 t+1 t+2 t+2 act+3 . (A31)

= Bt + Bt+1(0t + Bt+2(pt(pt+1 + Bt+3§0t§0t+1(pt+2"'
= Bt + Z Bt+iH¢t+j—l
i-1 =1

Substituting back ¢, = 3., /(1- &, ) into equation (A31) implies

i TP (A32)

8C Qg

Substituting equation (A32) into equation (19) implies equation (29).
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Proof of Proposition 2°.

Given Assumptions A, equation (A32) reduces to the geometric series

of Nl o _ p-Ble[ B ]
a_q_l—&{a T };{(1-&)(1+r)}
N ad—&+(ﬂd—ﬁ_)/(l+r)

T G- Bl

, (A33)

where in the last step we have implicitly assumed that 0< S <(1—a)(1+r) so that the series

converges. Using the definitions for pand p° imply further that

oL “_5
—_ZNth _,0
oc, 1-p

, (A34)

which substituted into equation (A19) implies equation (30).

Proof of Proposition 3°.

That the joint impact of present and future positionality effects increases the contribution to
the public good in period t means that the benefit side is amplified by such effects compared
to the optimal provision rule without such concerns, i.e. that

o 1- p¢ =
Z&|:M8t+f,(3 é+gt+f:|[l_§]r > Z&I:MBHT,G +QHT][1_§]T

7=0 }/t =0 t
Which is clearly true if and only if p— p® >0, for which a sufficient condition (remember

that > 0) is that p* <0.

Proof of Proposition 4°.
If leisure is weakly separable from private and public consumption as specified for all t, and

where the sub-utility function h(-) is the same for both ability-types, then clearly

MRS2! = MRSY!, and MRSZ! =MRSY',, implying that €, =0. Moreover, all positionality

G,x!
degrees will be the same for the mimicker and the low-ability type, implying that &>° = o°,

G2 = o, B =pand BEX =Y for all t, and that «® = 8¢ =0. Substituting a® =0,

B° =0 and Q, =0 for all t into equation (30) implies equation (31).

Proof of Proposition 5°.
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Combining MRS, =[v; . /U JCMRSE', with u/, =v{ +V! . +V. . implies
. vV . . . .
MRSy, =—————CMRS{, = (1-a° - B°)CMRS, (A35)

I 1
V.. +V
tc t,Af t,6

Similarly, when old we have

MRS, =(1—a* — B*)CMRS, . (A36)
Substituting equations (A35) and (A36) into equation (29) implies

MB ¢ = > n(l—a® - A)CMRSS, + > (1- ™ - B*)CMRSS!,

~ o - CMRS!
— (1-& — B)CMB, | 1+ cov| =% A M5 (A37)
’ 1-a,- B CMRS;,

=(1-a,—B)CMB; [1+A,]
where we have used the previously defined A,. Substituting equation (A37) into equation

(30) implies equation (32).

Proofs of Proposition 6> and Corollary 2’

Equivalent to the proofs of Proposition 6 and Corollary 2.
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