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We analyze optimal social discount rates when people derive utility from relative consumption,
i.e. their own consumption level relative to the consumption level of others. We compare the
social, private, and conventional Ramsey rates. Assuming a positive growth rate, we find that (1)
the social discount rate exceeds the private discount rate if the importance of relative
consumption increases with consumption, and that (2) the social discount rate is lower than
the Ramsey rate given quasi-concavity in own and others’ consumption and risk aversion with
respect to others’ consumption. Numerical calculations demonstrate that the latter difference
may be substantial and have important implications for long run environmental issues such as
global warming.
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Introduction
The theory and practice of discounting is central to economics (e.g., Arrow and Lind, 1970; Arrow et al., 1996; Frederick et al.,
2002) and essential for dealing with very long-term phenomena. With the increased attention to environmental issues such as
climate change, interest in discounting has experienced a revival (see Gollier, 2010; Gollier and Weitzman, 2010; Weitzman, 2010;
Arrow et al., 2013 for recent contributions). For example, essentially the entire economics debate in the wake of the Stern Review
(Stern, 2006) largely focused on the discount rate used—not on climate science or the assessment of costs and benefits of
mitigation, for which there are still very large uncertainties (see, e.g., Dasgupta 2007, 2008; Dietz and Stern, 2007; Nordhaus, 2007a,
2007b; Weitzman, 2007a, 2007b; Brekke and Johansson-Stenman, 2008; Heal, 2008; Sterner and Persson, 2008; Cameron et al.,
2009; Howarth, 2009; Karp and Tsur, 2011). The primary reason is, of course, that most of the consequences of climate change will
occur far into the future and thus the discount rate has a dramatic effect on their present value.
This paper is, as far as we know, the first to incorporate relative consumption effects into the theory of social discounting. Yet,
the idea that humans value consumption in a social context and in relation to others’ consumption is far from new. In fact, classical
economists—such as Adam Smith, John Stuart Mill, and Alfred Marshall—emphasized such concepts, and modern research on the
subject dates back at least to Duesenberry (1949). There is now a substantial body of empirical evidence suggesting that people not
only derive utility from their absolute consumption but are also concerned with their own consumption relative to that of others.2

n

Corresponding author.
E-mail addresses: Olof.Johansson@economics.gu.se (O. Johansson-Stenman), Thomas.Sterner@economics.gu.se (T. Sterner).
1
Fax: þ 46 31 786 10 43.
2
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There is also a growing literature dealing with various kinds of optimal policy responses to such relative consumption effects.3 For
example, Aronsson and Johansson-Stenman (2008, 2010) show, in a static and a dynamic model, respectively, that optimal marginal
income taxes are likely to be substantially larger under relative consumption effects than in a conventional case, i.e., where people
only care about their absolute consumption level.
Arrow and Dasgupta’s paper (2009) is closest to ours, as it explicitly deals with the implications of relative consumption
effects for intertemporal resource allocation. They show that concern for relative consumption does not necessarily lead
people to consume more today than is socially optimal, since they are also concerned with relative consumption (and hence
produce positional externalities) in the future; this is also shown in slightly different settings by Wendner (2010a, 2011).
Aronsson and Johansson-Stenman (2014a) derive optimal provision rules for state-variable public goods (interpreted as the
global climate) over time under relative consumption concerns. However, the issue of how discount rates are affected by
relative consumption effects has not been analyzed before.
We will in most of the paper build on a general utility formulation, meaning that our results are not due to a particular
functional form. Still, we will keep the model as simple as possible allowing us to focus on the implications of
relative consumption concerns, and for example abstract from within-generation inequality, population growth rates and
various uncertainties. In the section "Private and social discount rates", we analyze the question of whether and, if so,
how the social discount rate (when positional externalities are taken into account) is lower or higher than the private
discount rate (when people do not take into account that their consumption affects others—although they still take into
account that they themselves are affected by others’ consumption). We show that an important condition derived
by Arrow and Dasgupta (2009) for when private and social consumption paths coincide over time translates to the
condition for when the private and social discount rates are the same. We then explore the conditions when the social
discount rate exceeds the private one, and vice versa. We express these conditions in terms of the degree of positionality, a
measure reflecting the extent to which relative consumption matters. For a positive growth rate, we show that if the
degree of positionality increases with the consumption levels, consistent with some empirical evidence, then the social
discount rate exceeds the private one. We also show that this discrepancy can be internalized by time-varying
consumption taxes.
In the section "Comparisons with the conventional Ramsey discounting rule", we continue by analyzing a related
but distinct issue—relevant from a climate policy perspective—namely whether, and if so how, the conventional
optimal social discounting rule, the so-called Ramsey discounting rule (Ramsey, 1928), should be modified in the
presence of relative consumption effects. 4 The conventional Ramsey discounting rule says that the optimal discount
rate equals the pure rate of time preference plus the product of the individual degree of relative risk aversion
multiplied by the growth rate. Hence, this formulation does not take into account that others’ consumption will also
change in the future.
The formula describing the optimal social discount rate in the presence of relative consumption effects can be
written in a form similar to the Ramsey formula. The only difference is that the individual degree of relative risk aversion is
replaced by what we denote here as the social degree of relative risk aversion. By this we mean a corresponding measure of
risk aversion had the individual made a risky choice on behalf of his or her whole generation. Assuming a positive
consumption growth rate, we show that the social discount rate is lower than the Ramsey discount rate, if preferences are
quasi-concave in own and reference consumption (consisting of others’ average consumption) and concave in reference
consumption. The latter means that individuals prefer that others have a certain consumption level compared to the case
where others’ consumption is uncertain with the same expected value. We show moreover that the social discount rate is
higher than the private rate if the degree of positionality increases with consumption. Taken together, this implies that the
social discount rate is higher than the private rate but lower than the Ramsey rate, if the degree of positionality increases
with consumption and preferences reflect risk aversion with respect to reference consumption and are quasi-concave with
respect to own and reference consumption. It is worth emphasizing that we throughout the paper assume identical
individuals who in equilibrium consume the same amount in each time period. This implies that the identified effects of
relative consumption concerns for the optimal discount rate do not at all depend on assumptions of inequality, or aversion
to inequality.
Finally, we illustrate quantitatively in the section "Numerical illustration and orders of magnitude" how the overall longterm social discount rates suggested by Stern (2006) and Weitzman (2007b) would be modified when taking relative
consumption effects into account. We conclude that these modifications may be substantial with commonly used functional
forms and reasonable parameter values, and that they are potentially very important for the economics of climate change.
The "Conclusion and discussion" offers some final remarks and observations.

(footnote continued)
recent evolutionary models consistent with relative consumption concerns (Samuelson, 2004; Rayo and Becker, 2007). Stevenson and Wolfers (2008)
constitute an exception in the happiness literature, claiming that the role of relative income is overstated.
3
See, e.g., Boskin and Sheshinski (1978), Layard (1980), Oswald (1983), Ng (1987), Brekke and Howarth (2002), Abel (2005), and Wendner and Goulder
(2008). Clark et al. (2008) provide a good overview of both the empirical evidence and economic implications of relative consumption concerns.
4
Other papers have dealt with the issue of whether, and if so how, the externalities induced by relative consumption effects affect the consumption
pattern over time; see e.g. Wendner (2010b) and references therein.
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Private and social discount rates
In this section, we analyze and compare the private and social discount rates between two arbitrary points in time, when
people care about relative consumption. At the end of this section, we also determine the corresponding internalizing
consumption taxes.

Preferences and objectives
Following Arrow and Dasgupta (2009), society consists of identical individuals, with a population size normalized to one,
who, at time t, consume ct in equilibrium and who, in addition to absolute consumption, also care about relative
consumption. The latter depends on own consumption as well as the reference consumption zt (the average of others’
consumption), such that Rt ¼ rðct ; zt Þ. The individual instantaneous utility (or felicity) at time t is:
U t ¼ uðct ; Rt Þ ¼ uðct ; rðct ; zt ÞÞ ¼ vðct ; zt Þ;

ð1Þ

where uct 4 0; uRt 40; vct 40; vzt o 0; uct ct o 0; vct ct o 0; r ct 4 0; r zt o0; where sub-indices reflect partial derivatives,
i.e., uct  ∂uðct ; Rt Þ=∂ct , etc., and where u, v, and r are twice continuously differentiable.
Both the u and v formulations in Eq. (1) are used extensively in this paper, since they allow us to vary which variable is
constant, i.e., either relative consumption Rt or others’ consumption zt. Throughout the paper, we assume the same uniform
and normalized (to one) population in each period. In doing this we completely abstract from intra-generational distribution
issues. An advantage with this assumption, in addition to keeping the model tractable and transparent, is that it makes clear
that the importance of relative consumption concerns for discounting does not depend on assumptions regarding inequality
or inequality aversion.
Moreover, we let r satisfy the criterion that it is unaffected if own consumption and others’ consumption are changed
equally, i.e., r ct ¼  r zt . This assumption is fairly innocuous as long as individuals are identical within each generation. For
example, it encompasses the most commonly used comparison forms, i.e., the difference comparison form where Rt ¼ ct  zt
(e.g., Akerlof, 1997; Ljungqvist and Uhlig, 2000; Bowles and Park, 2005; Carlsson et al., 2007), the ratio comparison form
where Rt ¼ ct =zt , (e.g., Boskin and Sheshinski, 1978; Layard, 1980; Wendner and Goulder, 2008), and the more flexible
functional form suggested by Dupor and Liu (2003), which includes both the difference and the ratio forms as special cases,
as long as zt ¼ ct (see below).
In addition, we make the common assumption of (weak) keeping-up-with-the-Joneses (KUJ) property, such that vct zt Z0.
This assumption implies that people want to consume more (less) in those time periods when others consume more (less).5
Dupor and Liu (2003) use a corresponding definition of KUJ preferences in a static model where utility also depends on
leisure (in addition to absolute and relative consumption). In such a model, the consumption adjustment is thus due to a
modification of the consumption-leisure tradeoff, rather than due to an adjusted consumption path over time. KUJ
preferences are then naturally defined as preferences where the marginal rate of substitution between consumption and
leisure increases with others’ consumption, as this implies that the individual's consumption increases (and leisure
decreases) when others’ consumption increases. Thus, both the present definition and the one by Dupor and Liu (2003)
imply that people want to consume more when others consume more, and vice versa. See also Gali (1994), Carroll et al.
(1997) and Wendner (2010a) for other treatments of KUJ preferences in the literature. Finally, we also assume perfect
forecast, such that both individuals and the government know future consumption of all individuals with certainty. Other
properties of these utility functions will be discussed in subsequent sections.
Each individual maximizes the flow of instantaneous utility over time, subject to a fixed pure rate of time preference—or
the utility discount rate δ—implying the following maximization problem:
Z
max wp 
cτ

0

T

uðcτ ; rðcτ ; zτ ÞÞexpð  δτÞdτ ¼

Z

T
0

vðcτ ; zτ Þexpð  δτÞdτ:

ð2Þ

Hence, the individual takes others’ consumption zt as given at each moment in time, implying that the individual takes into
account that a changed consumption path also implies a changed path of relative consumption. While in equilibrium zt ¼ ct
at each moment in time, the individual will nevertheless take zt as given, which resembles the conventional externality
assumption in the representative consumer model.
The social planner, who is welfarist and respects individual preferences, in contrast maximizes the flow of instantaneous
utility for all individuals (and hence also takes into account the externalities through relative consumption). As a
consequence, since all individuals are identical and consume the same amount in equilibrium, the social planner takes Rt
5
It is straightforward to show that in a model where an individual maximizes the present value of instantaneous utility (that depends on both own
consumption and an external measure of reference consumption) subject to a conventional intertemporal budget restriction, then it follows that an
exogenous increase in the reference consumption in one specific time period increases the individual's consumption in that time period if and only if
vct zt 4 0 (the derivation is available from the authors upon request). In contrast, when vct zt o 0, and if the magnitude of this effect is sufficiently large, it may
be both privately and socially optimal for identical individuals to have different consumption patterns over time, such that an individual will consume more
when others consume less and vice versa. This corresponds to what Dupor and Liu (2003) refer to as Running-away-from-the-Joneses preferences.
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as given. Thus, the social planner solves the following maximization problem:
Z T
Z T
uðcτ ; rðcτ ; cτ ÞÞexpð  δτÞdτ ¼
vðcτ ; cτ Þexpð  δτÞdτ:
max ws 
cτ

0

0

ð3Þ

Private and social discount rates
Consider now a small project undertaken and paid for in terms of reduced consumption at time zero that results in
increased consumption at time t. Both the government and the individuals will thus take the consumption levels in
all other time periods as fixed, which is assumed throughout the paper. Note that we are only concerned with given
consumption paths and since we deal with small projects as is common in the discounting literature,6 our results are
independent of any production assumptions, including issues of technical change. If the individual is indifferent between
undertaking such a project and not, the private discount rate per time unit between time zero and t, given by ρp , is implicitly
defined by:
∂wp =∂ct
¼ expð  ρp tÞ :
∂wp =∂c0
Note that this is true for any given consumption path, whether optimal or not. Solving for ρp gives7
1
t

ρp ðtÞ ¼  ln

∂wp =∂ct
:
∂wp =∂c0

ð4Þ

Similarly, if the social planner is indifferent between undertaking such a project and not, the social discount rate per time
unit between time zero and t, given by ρs , is implicitly defined by ∂ws =∂c0 ¼ expðρs tÞ∂ws =∂ct , implying that:
1
t

ρs ðtÞ ¼  ln

∂ws =∂ct
:
∂ws =∂c0

ð5Þ

Next, from equation (2) we have
∂wp =∂ct vct
¼
expð  δtÞ;
∂wp =∂c0 vc0
which substituted into Eq. (4) implies:
1
t

ρp ðtÞ ¼ δ  ln

vct
:
vc0

ð6Þ

Similarly, we have from equation (3) that
∂ws =∂ct vct þ vzt
¼
expð  δtÞ;
∂ws =∂c0 vc0 þ vz0
which substituted into equation (5) implies:
1
t

ρs ðtÞ ¼ δ  ln

vct þvzt
:
vc0 þvz0

ð7Þ

Combining Eqs. (6) and (7) immediately implies
1
t

ρs ðtÞ  ρp ðtÞ ¼ ln

1 þvz0 =vc0
;
1 þ vzt =vct

and hence the following result:
Proposition 1. ρs ðtÞ ¼ ρp ðtÞ 8 t if and only if vzt ¼ β vct 8 t, where β is a constant.
Proof. The “if” part follows directly since vzt ¼ βvct 8 t implies that ρs ðtÞ  ρp ðtÞ ¼ ð1=tÞlnð1 þ β=1 þ β Þ ¼ 0 8 t 4 0 (and we
only consider positive t since we solely deal with discount rates of the future). Consider next the “only if” part. Suppose
there exists a t for which vzt ¼ βvct does not hold and where instead vzt ¼ δvct , where δ a β. The discount rate (between 0
and t) difference is then given by ρs ðtÞ  ρp ðtÞ ¼ ð1=tÞlnð1 þ β=1 þ δÞ a0. Hence, a necessary condition for ρs ðtÞ ¼ ρp ðtÞ 8 t is
that vzt ¼ βvct 8 t.
Proposition 1 says that the social and private discount rates between all time periods and the present are equal if and
only if the ratio between the marginal disutility of others’ consumption and the marginal utility of own consumption is
6

See, e.g., Gollier (2012) for a comprehensive state-of-the-art overview of social discounting.
The reason we write ρp ðtÞ (instead of ρpt ) is that we here consider the discount rate over the discrete time interval from time zero to time t. In the next
section, we will use the notation ρpt for the instantaneous discount rate at time t.
7
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constant for all time periods.8 As such, it resembles Proposition 1 in Arrow and Dasgupta (2009), which says—based on a
similar but slightly different model—that the privately and socially optimal consumption paths coincide, if and only if, for all
t, vzt ¼ β vct .
In order to explore the differences between the social and private discount rates in a way that allows for a
straightforward economic interpretation, we introduce a measure (following, e.g., Johansson-Stenman et al., 2002;
Aronsson and Johansson-Stenman, 2008) that reflects the extent to which relative consumption matters.
Definition 1. The degree of positionality is defined by

γt 

uRt r ct
:
uct þuRt r ct

ð8Þ

Thus, γ t A ð0; 1Þ reflects the fraction of the overall utility increase from the last dollar consumed that is due to increased
relative consumption. As γ t approaches zero, relative consumption at time t does not matter at all at the margin, taking us
back to the standard model. In the other extreme case, where γ t approaches one, absolute consumption does not matter at
all (i.e., all that matters is relative consumption).
From Eq. (1), we have that vzt ¼ uRt r zt and vct ¼ uct þ uRt r ct , together implying that:


vzt
rz
¼  t γt ¼ γt :
vct
r ct

ð9Þ

Substituting Eq. (9) into Eq. (7) gives, after some straightforward manipulations,





1
v
vct 
1
v 1  γt
ρs ðtÞ ¼ δ  ln ct 
γ t  γ 0 ¼ δ  ln ct
;
ð10Þ
t
t
vc0 vc0 þ vz0
vc0 1  γ 0


implying that the social discount rate increases in the positionality difference γ t  γ 0 . By combining Eqs. (6) and (10) we
get
1
t

ρs ðtÞ  ρp ðtÞ ¼ ln

1  γ0
;
1  γt

which immediately gives us the following result:
Proposition 2. ρs ðtÞ 4ð oÞ ρp ðtÞ, if and only if γ t 4ð oÞ γ 0 .
Consider the reasonable case with a positive growth rate, such that the consumption level is larger at time t than at time
0. Then Proposition 2 says that if relative consumption becomes more important (compared to absolute consumption) when
consumption increases, then the social discount rate is higher than the private one. The intuition is straightforward: when
relative consumption becomes more important for higher consumption levels, a larger share of overall consumption
increases is “waste” in terms of positional externalities; and since consumption increases over time, this waste share
increases over time too. This implies that future consumption becomes less valuable, compared to the present one, from a
social point of view, and compared to the case where this waste is not taken into account. Consequently, the social discount
rate is higher than the private one.
Much empirical evidence, although not conclusive, indeed seems to suggest that the degree of positionality increases
with the consumption level, such that relative consumption becomes more important compared to absolute consumption
when the individuals get richer (see, e.g., Clark et al., 2008; Corazzini et al., 2012 and references therein).9 This implies that,
based on the present model, we may conclude that the social discount rate tends to exceed the private one under relative
consumption effects.

Optimal consumption taxes
Although not the main purpose of the paper, it is worth mentioning that we can derive the set of consumption taxes that
would internalize the time-dependent positional externalities. Let us assume a set of consumption taxes, such that qt is the
consumption tax at time t, where we normalize such that q0 ¼ 0, and where the tax revenues are distributed back in a lumpsum manner. We can then simply derive qt as follows: if the individual is indifferent between undertaking and not
undertaking a small project that will result in increased consumption at time t—which is paid for in terms of reduced
consumption at time zero, and where consumption at time zero is untaxed and at time t is taxed by qt —then the private
8
Recall that ρs ðtÞ and ρp ðtÞ are discount rates defined over the discrete from time interval from time zero to time t, whereas vzt and vct are local measures
defined at time t. This means for example that it does not hold for all t that ρs ðtÞ ¼ ρp ðtÞ if and only if vzt ¼ βvct . For example, vzt may differ from βvct in the
time interval between 0.1t and 0.9t without violating the possibility that ρs ðtÞ ¼ ρp ðtÞ.
9
However, see Moav and Neeman (2012) for theoretical work showing that situations may arise where poor people are particularly positional, supported
with some empirical evidence, which may contribute to a so-called poverty trap. Overall, although most evidence seems to suggest that the average degree
of positionality tends to increase as consumption increases, there is no consensus on this issue.
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discount rate per time unit is implicitly defined by
∂wp =∂ct
¼ ð1 þ qt Þexpð  ρp tÞ;
∂wp =∂c0
implying that:
1
t

ρp ¼ δ  ln




v ct 1
;
vc0 1 þqt

where the expression in parenthesis reflects the ratio of the marginal utility of own consumption, per monetary unit spent
on consumption, between time t and time zero. If we set this private discount rate equal to the social one, given by Eq. (10),
then:
qt ¼

γt  γ0
:
1  γt

ð11Þ

Thus, the tax is directly related to the difference in consumption positionality at time t, compared to the untaxed baseline at
time zero. The intuition is straightforward, since γ t is also a measure of social waste associated with consumption at time t.
(Cf. with the corresponding static optimal tax results in Dupor and Liu, 2003; Aronsson and Johansson-Stenman, 2008.)
Comparisons with the conventional Ramsey discounting rule
In the previous section, we analyzed the conditions for when the social discount rate is lower or higher than the private
one and concluded that the social discount rate exceeds the private one when the degree of positionality increases with the
consumption level. We based this on a simple continuous time model where we discounted over an arbitrary discrete time
period, from zero to t.
Yet, much of the discounting literature, including recent work on climate change, is based on the Ramsey discount rate,
according to which the instantaneous discount rate consists of the pure rate of time preference plus the individual coefficient
of relative risk aversion multiplied by the growth rate. It clearly has great policy relevance to compare the optimal social
discount rate under relative consumption effects with the Ramsey discounting rule, which is the main purpose of this
section.
Since the Ramsey discounting rule is normally derived over an infinitesimally short period of time,10 here we solely
consider instantaneous discount rates (hereafter discount rates). We will also compare the private and the social discount
rates, as well as the private and the Ramsey discount rates, and hence provide conditions for ordering the sizes of the three
discount rates.11
Three discount rates and three measures of relative risk aversion
We will undertake our analysis based on Eq. (1) (the same underlying instantaneous utility function as before), as well as
Eqs. (2) and (3) (again the same time-consistent objective functions as before), and we will also keep the assumption of
identical individuals with a population size normalized to one. Note first that, when t approaches zero, we can use firstorder Taylor approximations to obtain ∂wp =∂ct ¼ ∂wp =∂c0 þt∂ð∂wp =∂ct Þ=∂t and ∂ws =∂ct ¼ ∂ws =∂c0 þ t∂ð∂ws =∂ct Þ=∂t. Substituting these into Eqs. (4) and (5), respectively, and applying l’Hôpital's rule, implies the following private and social
instantaneous discount rates:
∂ð∂wp =∂ct Þ=∂t
∂wp =∂ct

ð12Þ

∂ð∂ws =∂ct Þ=∂t
:
∂ws =∂ct

ð13Þ

ρpt ¼ 
ρst ¼ 

Thus, ρpt and ρst reflect the private and social discount rates in the time interval t to tþdt, whereas ρp ðtÞ and ρs ðtÞ, analyzed in
the previous section, reflect these discount rates in the discrete time interval from 0 to t.12 In order to provide an economic
interpretation to the comparison between these different instantaneous discount rates, we introduce some useful risk
aversion definitions.
Definition 2. The individual coefficient of relative risk aversion is given by

σ t   ct vct ct =vct :

ð14Þ

10
Alternatively, the formula can be derived over a discrete period of time if one is willing to assume constant relative risk aversion preferences, as well as
a constant growth rate and pure rate of time preference. Here we do not want to limit ourselves to particular functional forms.
11
For previous studies that have analyzed modifications of the Ramsey discounting rule, see, e.g., Hoel and Sterner (2007), Howarth (2009) and Gollier
(2010).
12
Of course, in the special case where ρpt and ρst are both constant in the time interval from 0 to t, then ρp ðtÞ ¼ ρpt and ρp ðtÞ ¼ ρst .
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The social coefficient of relative risk aversion is given by

ψ t  ct uct ct =uct :

ð15Þ

The coefficient of reference consumption relative risk aversion is given by

θt  zt vzt zt =vzt :

ð16Þ

Thus, whereas σ t reflects the conventional measure of relative risk aversion (or the individual's elasticity of marginal
utility of increased consumption where others’ consumption, zt, is held fixed), ψ t is a measure on the curvature of the
instantaneous utility function, where relative consumption Rt is held fixed. It can therefore be thought of as a measure that
reflects risk aversion had the individual made a risky choice on behalf of the whole population. Thus, it is the social coefficient
of relative risk aversion. Finally, θt is a measure of the concavity, and hence risk aversion, with respect to reference
consumption. Its definition is strictly analogous to the conventional measure of individual relative risk aversion, except that
it refers to others’ consumption. When θt 4 0, an individual prefers that others have consumption z^ t with certainty over a
situation where others’ consumption is uncertain (with the expected value z^ t ), whereas the individual is indifferent when
θt ¼ 0.13 By denoting the instantaneous growth rate at time t by gt  c_ t =ct , where a dot denotes time derivative, we can now
define the conventional instantaneous Ramsey discount rate as follows.
Definition 3. The discount rate according to the Ramsey discounting rule is given by

ρRt ¼ δ þ σ t gt :

ð17Þ

Hence, the Ramsey discount rate simply consists of the pure rate of time preference plus the product of the individual
coefficient of risk aversion times the growth rate, consistent with existing discounting literature.14
The relationship between the private and the Ramsey discount rate
From Eq. (2) follows that


∂ð∂wp =∂ct Þ=∂t
vc c c_ t þ vct zt c_ t  δvct
¼ t t
;
∂wp =∂ct
vct

which substituted into Eq. (12), together with g t ¼ c_ t =ct , implies the optimal private discount rate as follows15:

ρpt ¼ δ 

vct ct
vc z
ct g t  t t ct g t ;
vct
vct

ð18Þ

By combining Eqs. (17) and (18) and using Definition 3, we then obtain:

ρpt ¼ δ þ σ t gt 

vct zt
vc z
ct g t ¼ ρRt  t t ct g t :
vct
vct

ð19Þ

From Eq. (19) we immediately get the following result:
Proposition 3. For g t 4 0, ρpt o ρRt .
Thus, if the growth rate is positive and the preferences are characterized by the KUJ property, then the private discount
rate falls short of the Ramsey discount rate. The intuition is that if my preferences are characterized by the KUJ property,
then I will perceive future consumption relative to the present one as more valuable if others consume more in the future.
Yet, this is the same as saying that my private discount rate will decrease as others’ consumption grows.
The relationship between the private and the social discount rate
While we have already analyzed this relationship for the case of discounting over a discrete time period, let us for
comparison purposes also derive corresponding expressions for the case of instantaneous discounting. From Eq. (3) follows
that


∂ð∂ws =∂ct Þ=∂t
vc c c_ t þ vct zt c_ t þvzt ct c_ t þ vzt zt c_ t  δðvct þ vzt Þ
¼ t t
;
∂ws =∂ct
vct þvzt

13
Note that reference consumption risk aversion (vzt zt o 0) is neither necessary nor sufficient for the more frequently discussed concept of comparison
concavity (uRt Rt o 0). See Clark and Oswald (1998) for some relationships between comparison-concavity and KUJ behavior.
14
Yet, the measure of relative risk aversion will of course depend on the preferences, which here depend also on relative consumption. Still, the measure
of relative risk aversion is defined due to changes for the individual alone, whether in terms of risky choices or consumption changes over time, which is
how the measures are typically quantified empirically.
15
It is easy to show that the same rule applies for discounting over a discrete time period (in continuous time), provided that ψ t and gt are constant in
the interval considered. Recall also that since zt ¼ ct it follows that z_ t ¼ c_ t .
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which substituted into Eq. (13) implies the following optimal social discount rate:

ρst ¼ δ 

vct ct þ 2vct zt þ vzt zt
vc z
dγ =dct
ct g t ¼ δ þ σ t g t  t t ct g t þ t
ct g t ;
vct þ vzt
v ct
1  γt

ð20Þ

where, in the second step, we have used

!
dγ t
vzt zt vzt ct vzt
vz
¼
þ
 2 vct ct  2t vct zt :
dct
vct
vct vct
vct

By comparing Eqs. (19) and (20), we then obtain16:

ρst ¼ ρpt þ

dγ t =dct
ct g t ;
1  γt

ð21Þ

implying that we can again confirm Proposition 2.
In order to simplify this expression further, we can define the degree of non-positionality as

ςt  1  γ t ¼

u ct
;
uct þ uRt r ct

ð22Þ

and the corresponding consumption elasticity of non-positionality as

Γt 

dςt ct
;
dct ςt

ð23Þ

The degree of non-positionality is hence defined by the fraction of the overall utility increase from the last dollar consumed
that is due to increased absolute consumption, whereas the consumption elasticity of non-positionality can be interpreted as
(approximately) the percentage change in non-positionality that arises from a percentage consumption increase. We can
then use Eq. (23) and rewrite Eqs. (20) and (21) as

ρst ¼ δ þ σ t gt 

vct zt
ct g t  Γ t g t ¼ ρpt  Γ t g t :
vct

ð24Þ

Thus, the social discount rate is equal to the private one minus the consumption elasticity of non-positionality times the
consumption growth rate. Note that Γ t g t reflects the growth rate of the fraction of consumption that, from a social point of
view, is not waste. If this growth rate is positive, it implies a reason for society to consume more in the future, implying a
lower social discount rate. If it is negative, and more in line with the empirical evidence mentioned, then the opposite
applies.
The relationship between the social and the Ramsey discount rate
Let us now turn to the most central part of this section, the comparison between the social and the Ramsey discount rate.
So far, in Eq. (19) we expressed the relationship between the private and the Ramsey discount rate, in terms of a KUJ
measure, and in Eq. (24) we expressed the relationship between the private and the social discount rate, in terms of how the
degree of positionality depends on the consumption level. By combining Eqs. (19) and (24), we can clearly present the
relationship between the social and the Ramsey discount rate, in terms of a KUJ measure and how the degree of positionality
depends on the consumption level, as follows:

ρst ¼ ρRt 

vct zt
dγ =dct
vc z
ct g t þ t
ct g t ¼ ρRt  t t ct g t  Γ t g t :
vct
1  γt
vct

ð25Þ

Thus, according to this formulation, the social discount rate exceeds the Ramsey discount rate if the effects—through
increased positionality (or decreased non-positionality) with consumption, and hence over time, given a positive growth
rate—exceed the KUJ effect. Both assumptions are fairly intuitive and, if we accept them, we cannot say anything regarding
the relative size of ρst and ρRt without adding information regarding the relative strengths of these mechanisms. Yet, we will
indirectly show conditions for when the KUJ effect dominates the increasing positionality effect.
In doing this, let us use the alternative formulation of Eq. (3), where ws is expressed in terms of the u function. It then
follows that


∂ð∂w=∂ct Þ=∂t
uc c c_ t  δuct
¼ t t
;
∂w=∂ct
uct

which substituted into Eq. (12) implies the following alternative formulation of the optimal social discount rate:

ρst ¼ δ þ ψ t gt :
By comparing Eqs. (17) and (26), we immediately have:
16

Alternatively, one could have derived this expression by letting t go to zero in Eq. (7) and applying l0 Hôpital's rule on the second term.

ð26Þ
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Proposition 4. For g t 4 0, ρst 4ð oÞρRt if and only if ψ t 4ð oÞσ t .
In words, given a positive growth rate, the welfare-maximizing social discount rate in the presence of relative
consumption effects exceeds the conventional Ramsey discount rate if the social coefficient of relative risk aversion exceeds
the individual coefficient of relative risk aversion, and vice versa. The next question is obvious. Under which conditions do
ψ t exceed σ t , and vice versa? In order to interpret the conditions for this in economic terms, we introduce a measure of the
complementarity between own and (reduction of) others´ consumption.
Definition 4. The elasticity of substitution between ct and zt is given by
!
vct ct =v2ct vzt zt =v2zt þ2vct zt =ðvct vzt Þ
vct ct vzt zt
vct zt
vct vzt
¼  2  2 þ2
Φt 
ct :
vct vzt vct þ vzt
1=ðvct ct Þ þ 1=ðvzt zt Þ
vct
vzt

ð27Þ

This definition is standard (although it is not often used between one good and one bad in the utility function). It reflects
the degree of quasi-concavity of v, and hence the degree of convexity of the indifference curves in ct ; zt space. When Φt 4 0
everywhere, an individual would, roughly speaking, prefer averages to extremes also with respect to others’ consumption.
Thus,
an

 individual

who is indifferent between two different bundles of own and others’ consumption A and B, given by
v cAt ; zAt and v cBt ; zBt respectively, would thus always prefer any weighted average (linear combination) of A and B to each of
the bundles A and B. Φt ¼ 0 everywhere would instead give linear indifference curves, such that the increase in
consumption necessary to compensate an individual for other people's increase in consumption would be constant. We
can now specify the following crucial relation between ψ t and σ t :
Lemma 1. The social coefficient of relative risk aversion is given by

ψ t ¼ σ t  θt  Φt

ð28Þ

Proof. Let us first express the social coefficient of relative risk aversion ψ t in terms of the v function. By combining Eqs. (18)
and (23), we have:

ψt ¼ 

vct ct þ2vct zt þ vzt zt
ct :
vct þ vzt

We can now combine Eqs. (14) and (29) and (after some straightforward algebraic manipulations) obtain:
!
vzt zt
vct vzt
vct ct vzt zt
vct zt
ψ t  σ t ¼  ct
ct
 2  2 þ2
:
vzt
vct þ vzt
vct vzt
vct
vzt

ð29Þ

ð30Þ

Substituting, finally, Eqs. (16) and (27) into Eq. (30) gives Eq. (28).
Directly from Lemma 1 and Eq. (10), we can specify the social discount rate in terms of individual risk aversion as follows:




ρst ¼ δ þ σ t  θt  Φt gt ¼ ρRt  θt þ Φt gt :
ð31Þ
It is then straightforward to determine the conditions for when the social discount rate exceeds the one based on the
conventional Ramsey discounting rule, and vice versa:
Proposition 5. For g t 4 0, ρst oð 4ÞρRt if θt þ Φt 4 ð o Þ 0.
Thus, a sufficient, but not necessary, condition for ρst o ρRt is that v is strictly quasi-concave ðΦt 4 0Þ and individuals are weakly
reference-consumption risk averse ðvzt zt r0; θt Z 0Þ or, alternatively, that v is weakly quasi-concave ðΦt Z 0Þ and individuals are
strictly reference-consumption risk averse ðvzt zt o 0; θt 40Þ.
Overall, then, Proposition 5 says that the social discount rate with relative consumption concerns should be lower than
the conventional Ramsey discount rate under what seem to be rather weak assumptions. What is the intuition behind that?
Note first that the relative risk aversion measures can be interpreted as elasticities of marginal utility of consumption. As
such, the elasticities roughly reflect the percentage decrease in marginal utility of consumption caused by a one percent
consumption increase. Put in this way, a percentage increase in consumption will typically cause a larger percentage
increase of a composite measure consisting of own consumption and (a fixed) reference consumption, if the reference
consumption contributes to decrease the composite measure. Another way to express this is that an increase in ct alone will
positively affect both absolute and relative consumption, while a joint increase of both ct and zt will only increase absolute
consumption. To see this more clearly, consider an instantaneous utility function as follows: vðct ; zt Þ ¼ f ðct  azt Þ ¼
0
uðct ; rðct ; zt ÞÞ ¼ f ðð1 aÞct þaðct zt ÞÞ, where 0 oa o 1 clearly reflects the degree of positionality and where f 4 0 and
f ″ o0. We may want to think of ct  azt as resulting consumption, i.e., the consumption measure net of relative consumption
concerns that affect instantaneous utility. From the first formulation we see that a one percent increase in ct alone will cause
a larger percentage increase in the resulting consumption (ct  azt ) than what a one percent joint increase in both ct and zt
would. This is perhaps even easier to see through the second formulation. Here, a one percent increase in ct alone will
increase both absolute consumption (ct ) and relative consumption (ct  zt ), while a combined increase of ct and zt will only
increase absolute consumption. Indeed, in the extreme case when a approaches one, a combined increase of ct and zt will
not increase the resulting consumption at all, implying that utility as well as marginal utility will be held constant.
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More formally, we have that vct ¼ f , vct ct ¼ f ″, uct ¼ ð1  aÞf , and uct ct ¼ ð1  aÞ2 f ″, implying that σ t ¼ ct f ″=f and
ψ t ¼  ð1 aÞct f ″=f 0 , such that ψ t  σ t ¼ act f ″=f 0 o 0, and hence ρst o ρRt . Thus, we have shown that the social discount rate is
lower than the Ramsey discount rate when instantaneous utility is based on a difference comparison formulation (which is
the most commonly used one in the literature) regardless of the function f. While this is a strong result in itself, Proposition 5
clarifies that this will not hold for all instantaneous utility functions.
Moreover, while the proposition also clarifies that the inequality holds under rather weak assumptions, the factors θt and
Φt are less helpful in isolation when it comes to explaining the deviation between the individual and social coefficients of
relative risk aversion, and hence between the Ramsey and the social discount rates. The reason is that these factors are
neither independent of each other, nor of other measures reflecting curvatures and complementarities. Instead it turns out
to be more illuminating to focus on the KUJ property.
For example, by combining equations (25) and (31) we obtain that

θ t þ Φt ¼

vct zt
dγ =dct
ct  t
ct ;
vct
1  γt

and equations (25) in itself highlights that the KUJ effect (vct zt 4 0) must be sufficiently strong to outweigh a possible effect
of increasing degree of positionality, for the Ramsey discount rate to exceed the social one. It also shows that for the special
case where the degree of positionality is constant and independent of the consumption level, σ t exceeds ψ t if and only if
vct zt 40. It is also straightforward to rewrite Eq. (30) as follows:


γ
v
ψ t  σ t ¼ t σ t þ2 ct zt ct þ θ :
ð32Þ
1  γt
v ct
Note that this is an implicit formulation, since σ t appears on both sides. Nevertheless, this formulation also highlights the
importance of the KUJ property, compared to the concavity with respect to own and others’ consumption, respectively. Note
also that the factor actually here contributes to the ψ t  σ t difference in the opposite direction compared to in Eq. (31). This
suggests that it is far from straightforward to interpret the contribution of risk aversion with respect to others’ consumption
(θt ) in itself to the difference between ψ t and σ t . The importance of the KUJ property, on the other hand, is clear from both
Eqs. (25) and (32).
Consider therefore the interpretation of Eq. (25), and let us start with the effect of the KUJ assumption. Intuitively, when
my consumption increases my marginal utility of consumption will clearly decrease (whether others’ consumption is held
fixed or not). If also others’ consumption increases (which is implied if relative consumption is held fixed), then, given KUJ,
my marginal utility of consumption will decrease less than if others’ consumption was fixed. Consequently, the KUJ property
contributes to decrease ψ t relative to σ t , and as such the social discount rate relative to the Ramsey rate.
Consider finally the remaining element on the right-hand-side of Eq. (25), i.e., the effect through dγ t =dct . The logic
behind this term is similar to the comparison between the social and the private discount rates. If γ t increases with
consumption it will increase over time (given a positive growth rate), and, as such, it implies larger overall consumption
waste in the future compared to now, implying an argument for a higher discount rate. The Ramsey discount rate does not
reflect such positionality changes, implying that the effect through increased degree of positionality with consumption (and
hence over time) contributes to increase the social discount rate relative to the Ramsey rate.
When the government does not respect individual preferences for social comparisons
So far we have consistently assumed that the government completely respects individual preferences, including concerns
for relative consumption. However, Harsanyi (1982, p. 56) and others have argued that the government should not respect
what might be seen as anti-social preferences, such as envy. While we are skeptical to this argument, it is nevertheless of
interest to analyze how the results would change when the government does not respect individual concerns for relative
consumption. What would that imply in our framework? A natural starting point would then be to assume that the
government instead of maximizing a stream of discounted utilities maximizes the same stream while not taking into
account any utility changes that are due to changed relative consumption. However, recall that in our welfarist framework
we are holding relative consumption fixed in the social maximization problem, so there are no such utility changes to
abstract from! Consequently, the social maximization problem will here remain the same as for the welfarist case, implying
that the rule for the optimal social discount rate will also remain the same.
Moreover, the private discount rate will obviously not change either, since the individual will make choices over time
independent of the objectives of the government. What about the Ramsey discount rate? This will also remain the same,
since the individual coefficient of relative risk aversion (or elasticity of marginal utility of consumption) does not depend on
the governmental objectives either. Together, perhaps surprisingly, this means that all results so far continue to hold under a
non-welfarist government that does not respect individual preferences for social comparisons.17 See also Eckerstorfer and
17
Note that the government having a non-welfaristic objective function does not mean that it ignores effects of social comparisons, or that it does not
observe that individuals care about social comparisons. If the government instead acts conditional on an (incorrect) assumption that individual
instantaneous utility solely depends on absolute consumption, then there would consequently be no discrepancy between the social and the Ramsey
discount rate.
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Wendner (2013) and Aronsson and Johansson-Stenman (2014b) who in different optimal taxation frameworks with social
comparisons have demonstrated that whether the government is welfarist or not may matter less than conjectured for
optimal taxation rules.
Summary of main findings
By combining Eq. (20) and Proposition 5, we can summarize our main findings in this section regarding the ordering of
our three different discount rates as follows18:
Corollary 1. For g t 4 0, if dγ t =dct 40 and θt þ Φt 4 0, then ρpt o ρst o ρRt .
Spelled out, this means that, for a positive consumption growth rate, the social discount rate is higher than the private
rate, but lower than the Ramsey rate, if the degree of positionality increases with consumption and preferences reflect risk
aversion with respect to reference consumption and are quasi-concave with respect to own and reference consumption.
Briefly, the ρpt o ρst part is because if higher consumption in the future means higher positionality, then the corresponding
waste will be higher too, and this waste is accounted for in the social but not the private discount rate. The intuition behind
the ρst o ρRt part is less straightforward. First, θt þ Φt 4 0 implies that the KUJ-property is fulfilled (unless dγ t =dct o0). This
property, in turn, implies that the marginal utility of consumption will generally decrease with consumption at a slower rate
when others’ consumption increases over time. This, in turn, is the case when others’ consumption is held fixed, which is
how the optimal social discount rate is calculated. A lower decrease in marginal utility of consumption, finally, means a
lower social discount rate.
Note also that all three discount rates are identical when the degree of positionality is equal to zero, which is the
standard case in the literature. Moreover, all discount rates are identical also for the case of a positive degree of positionality,
provided that this degree is independent of the consumption level and that simultaneously θt ¼  Φt . Alternatively, all
discount rates are identical if simultaneously dγ t =dct ¼ 0 and vct zt ¼ 0, where the latter means that the marginal utility of
own consumption is independent of the level of others’ consumption (contrary to what is typically assumed). We have also
shown that all results above continue to hold in the case of a non-welfarist government.
Numerical illustration and orders of magnitude
So far we have concluded that, under what may seem to be fairly plausible assumptions, the social discount rate tends to
exceed the private discount rate (sections "Private and social discount rates" and "Comparisons with the conventional
Ramsey discounting rule"), but to fall short of the conventional Ramsey discounting rule (section "Comparisons with the
conventional Ramsey discounting rule"). The latter finding is particularly important from a policy perspective, for example
in the discussion on climate change.
To get an indication of the magnitude of the effects found, we utilize the following simple, albeit quite flexible, functional
form characterized by constant elasticity of substitution and constant relative risk aversion, similar to one used by Dupor
and Liu (2003) as follows:
Ut ¼


ð1  αÞ=ð1  ωÞ
ð1  αÞ=ð1  ωÞ
1 
1  1ω
ð1  aÞct 1  ω þa ct 1  ω  zt 1  ω
¼
ct
azt 1  ω
1α
1α

ð33Þ

This functional form has some convenient properties:

 The degree of positionality (see Definition 1) is constant and given by γ t ¼ a.
 The elasticity of substitution between own consumption and reference consumption (see Definition 4) is constant and
equal to ω.
 The coefficient of reference-consumption relative risk aversion (see Definition 2) is constant and given by
θt ¼ ðaα  ωÞ=ð1 aÞ, implying reference-consumption risk aversion for ω o aα.
 The individual and the social coefficients of relative risk aversion (see Definition 2) are also constant and given by
σ t ¼ ðα  ωaÞ=ð1  aÞ and ψ t ¼ α, respectively, implying that:
ψ t  σ t ¼ ð ω  αÞ



a
;
1 a

ð34Þ

which is clearly weakly negative (such that ρst r ρRt ) as long as ω r α, which is required for the weak KUJ property
assumed.
The criterion that relative consumption is unaffected if own consumption and others’ consumption are changed equally,
i.e., the r ct ¼ r zt assumption is fulfilled.

The constant elasticity of substitution functional form in Eq. (33) includes as special cases the two most commonly used
comparison-consumption functional forms. When ω ¼ 0, we obtain the following simple difference comparison form, so that
18

Note that if the conditions in Corollary 1 are fulfilled, then it also follows that vct zt 4 0, i.e., the KUJ property is fulfilled.
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Fig. 1. The effect of the degree of postionality a on the optimal annual social discount rates based on the assumptions associated with Stern (2006) and
Weitzman (2007b).

own consumption and (the negative of) others’ consumption are perfect substitutes:
Ut ¼

1
1
ðð1 aÞct þaðct zt ÞÞð1  αÞ ¼
ðct azt Þð1  αÞ :
1α
1α

ð35Þ

For this functional form, we find that ψ t  σ t ¼  αa=ð1 aÞ o 0. For example, if a ¼ 0:5 and α ¼ 1, then ψ t  σ t ¼ 1,
implying that the private coefficient of relative risk aversion σ t ¼ 2, whereas the corresponding social coefficient ψ t ¼ 1.
Hence, it is clear that the effects of relative consumption may be substantial.
Similarly, we obtain the ratio-comparison form by letting ω approach unity and applying l0 Hôpital's rule, implying that
Eq. (33) converges to
 a=ð1  aÞ !ð1  αÞ
1
ct
1
ct
¼
ct ð1  αÞ=ð1  aÞ zt  ð1  αÞa=ð1  aÞ ;
ð36Þ
Ut ¼
1α
1α
zt
such that ψ t  σ t ¼ ð1  αÞa=ð1  aÞ, which is clearly negative if α 4 1 and positive if α o1. Note that reference-consumption risk
aversion implies that α 4 1=a, and the KUJ assumption implies that α Z 1. Here, too, it is clear that the effects of relative
consumption may be substantial as we illustrate further below. In order to assess orders of magnitude of the effects on the discount
rates, we substitute Eq. (34) into Eq. (25) and obtain that

a 
g ¼ δ þ ðσ  aðσ t  ωÞÞg;
ρst ¼ δ þ σ þ ðω  αÞ
ð37Þ
1 a
where in the letter stage we have replaced α by using the definition of σ . In Fig. 1, we plot the optimal social discount rate as a
function of the degree of positionality for two commonly discussed sets of assumptions in the economic climate change literature,
associated with Stern (2006) and Weitzman (2007b), respectively. Stern (2006) assumed that δ ¼ 0:1 (in percentage terms), σ ¼ 1,
and g ¼ 1:3, implying an overall Ramsey discount rate of 1.4 percent annually,19 whereas Weitzman (2007b) discusses the case
where δ ¼ σ ¼ g ¼ 2,20 leading to a Ramsey discount rate of 6 percent. Since both Stern and Weitzman conventionally assumed
that relative consumption does not matter for utility, the corresponding social discount rates can be found to the left in the diagram
where a¼0. As can be seen, how much relative consumption concerns affect the optimal social discount rate will then depend also
on the elasticity of substitution, ω. We only plot the relationships for the case where the weak KUJ property is fulfilled, i.e., where
ω r α, implying in the Stern case that ω r1 and in the Weitzman case that ω r 2. Consistent with the results in Section "The
relationship between the social and the Ramsey discount rate" (Eq. 25), the optimal social discount rate is then always equal to or
below the Ramsey discount rate since the degree of positionality is constant.
We illustrate the parts of the relationships where the individual is reference-consumption risk averse21 with solid lines,
and the parts where the individual is reference-consumption risk-loving with dotted lines. Clearly, for non-negligible levels
19
It may seem that Stern selected these values partly to compensate for a number of simplifications and omissions. Stern (2006) mentioned
combinations of ethical, distributional issues, and deep uncertainty, as well as the effects of different growth rates in different sectors. Relative
consumption issues were not mentioned, however.
20
In personal communication, Weitzman recently told us he would personally favor a near-zero rate of pure time preference for climate change, and a
coefficient of relative risk aversion of 2.5 or 3 rather than 2. Yet, he still agrees that the 2-2-2 rule, which was originally introduced more as a thought
experiment, is still relevant since it is widely used by others in the climate change literature.
21
It is easy to show that the individual is reference consumption risk averse if and only if ω o σ að1 þ aÞ.
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of a, the optimal discount rate tends to be substantially lower than the Ramsey rate if we assume reference-consumption
risk aversion.
Similar patterns hold for most other reasonable parameter combinations. For example, in the macro-economic literature
one often assumes, drawing on Hall (1988), that σ ¼ 5 and g ¼ 1:8. Ignoring the pure rate of time preferences (where any
value can simply be added to the social discount rate), the social discount rate based on ω ¼ 2 is then reduced from 9
percent at a ¼ 0 to 6.3 percent per annum at a ¼ 0:5. Correspondingly, for ω ¼ 0:5 the social discount rate is reduced to 4.95
percent per annum at a ¼ 0:5.
Unfortunately, the empirical literature does not provide any precise estimates of the relevant parameters. The most
central one, γ (or a), is obviously difficult to measure, and it is therefore not surprising that the available estimates vary
considerably. However, most estimates are substantially above zero. According to the survey-experimental evidence of
Solnick and Hemenway (1998, 2005), Johansson-Stenman et al. (2002), Alpízar et al. (2005), and Carlsson et al. (2007), the
average degree appears to be in the order of magnitude of 0.5. Wendner and Goulder (2008) argued, based on existing
empirical evidence, for a value between 0.2 and 0.4, whereas evidence from happiness studies, such as Luttmer (2005),
suggests a much larger value close to unity. To our knowledge, there are no quantitative estimates of either θ or Φ—i.e., of
either reference-consumption risk aversion or the degree of quasi-concavity between own consumption and reference
consumption—beyond what is implied by KUJ behavior.
In contrast, there are many studies trying to estimate σ , which is relatively less important for the results here.22
Estimates of δ are highly controversial, in particular for ethical reasons, when dealing with intergenerational issues (Stern,
2006). Yet, as shown above, δ does not affect the difference between the social and the Ramsey discount rates. Future
growth rates are of course also difficult to predict.
Overall, the discrepancy between the social and the Ramsey discount rates due to relative consumption effects is clearly
difficult to quantify, but may well be substantial and could even exceed 1–2 percentage points in the estimates that are most
frequently used in the climate literature.
Conclusion and discussion
There are several reasons based on the existing literature why one may argue that social discount rates should in practice
be lower than individual ones: individuals are more risk averse than society in the presence of uncertainty, and societal time
horizons are longer than individual ones (cf. Arrow and Lind, 1970). In the present paper, we show that relative consumption
effects do not provide another reason. On the contrary, the social discount rate under positional concern tends to exceed the
private one, provided that the degree of positionality increases as we get richer and consumption increases (for which there
is some empirical evidence).
Yet, from a climate policy perspective, it is presumably more important whether the optimal social discount rate should
be modified compared to the one corresponding to the conventionally used discounting rule, i.e. the so-called Ramsey
discounting rule. We show that for a positive growth rate, the social discount rate is lower than the Ramsey discount rate if
preferences are quasi-concave in own and reference consumption (consisting of others’ average consumption) and concave
in reference consumption.
We also demonstrate numerically that the discrepancies may be substantial, although the underlying parameter
estimates are highly uncertain. Since the impacts of the discount rates on the economics of long-term phenomena, such as
global warming, are so large—even for modest adjustments of the discount rate—it is fair to conclude that taking relative
consumption effects into account may have a profound effect on the economics of phenomena like global warming. The
simulations moreover reveal that relative consumption effects may quantitatively be at least as important as adjusting for
uncertainty (although the latter of course depends on the magnitudes of the uncertainty and the probability for catastrophic
effects); cf. Arrow et al. (2013) for values of comparable magnitude and Gollier (2012) for a more general discussion.
Finally, it is worth emphasizing that the identified effects of relative consumption concerns do not at all depend on
assumptions of inequality, or aversion to inequality, since the model is throughout the paper based on identical individuals
who in equilibrium consume the same amount in each time period. We have also explained that all results continue to hold
in the case of a non-welfarist government that does not respect individual preferences for social comparisons. Nevertheless,
it would of course be interesting in future research to analyze how the results here are modified in alternative settings and
contexts.
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For example, Friend and Blume (1975) concluded that σ generally exceeds unity and is probably greater than 2. Blundell et al. (1994) and Attanasio and
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