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In this paper, I consider two normative questions: (1) how should policymakers ap-
proach tradeoffs that involve different age groups, and (2) at what rate should poli-
cymakers discount the consumption of future generations? I demonstrate that, under
standard assumptions, these two questions are equivalent: caring more about the future
means caring less about the elderly. Even small differences between the social discount
rate and the market interest rate can have significant quantitative implications for the
relative value placed on the consumption of different age groups.
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1. INTRODUCTION

THE SOCIAL DISCOUNT RATE IS a crucial parameter in policy decision-making, as it re-
flects how society values the interests of future generations. However, there is an ongoing
debate about how to set it.! Nordhaus (2007) proposes an annual social discount rate of
6%, based on long-run estimates of the return to capital. At the same time, Stern (2008)
suggests a rate of 1.5%, based on considerations of intergenerational equity. These differ-
ences have significant implications for the social cost of carbon emissions, among other
policy areas.

Another normative question that has received less attention is how policymakers should
approach tradeoffs involving different age groups. This question became particularly
pressing during the Covid-19 pandemic, which posed different risks for older and younger
people. In this context, the literature mostly adopts a utilitarian approach, in which the
flow utility of all individuals is given equal weight in social welfare calculations (e.g., Hall,
Jones, and Klenow (2020) and Giagheddu and Papetti (2023)).

In this paper, I demonstrate that these two normative questions are closely related.
Specifically, I show that, under standard assumptions, concern for the future implies con-
cern for the young. A social welfare criterion that values future generations as much as
current generations must also prioritize the interests of the young over the interests of the
elderly.

I begin by examining the standard discounted-utilitarian framework, in which both in-
dividual and social preferences take the discounted utility form. For reasonable calibra-
tions, assigning equal weight to future generations implies that it is optimal to set the

Maya Eden: meden@brandeis.edu

I am grateful to Thomas Houlden for outstanding research assistance. I thank Geir Asheim, Matthias
Doepke, Ben Eden, Luis Mota Freitas, Mikhail Golosov, Paul Kelleher, Pete Klenow, Kevin Kuruc, Antony
Millner, John Quiggin, Itai Sher, and three anonymous referees for helpful comments. This paper has also ben-
efited from comments by seminar participants at the Chicago Fed, Iowa State University, the CEPR Macroe-
conomics and Growth Programme Online Meeting, the Oxford Workshop on Global Priorities Research, the
Atlanta Fed, the University of Zurich, the University of Connecticut, and the workshop on Fairness and Re-
distribution at St. Gallen.

ISee Greaves (2017) and Millner and Heal (2023) for recent reviews. See also Baumol (1968), Arrow et al.
(2013), Gollier and Hammitt (2014), Kelleher (2017), and Drupp, Freeman, Groom, and Nesje (2018).

© 2023 The Author. Econometrica published by John Wiley & Sons Ltd on behalf of The Econometric Society.
Maya Eden is the corresponding author on this paper. This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in
any medium, provided the original work is properly cited and is not used for commercial purposes.


https://www.econometricsociety.org/
mailto:meden@brandeis.edu
https://creativecommons.org/licenses/by-nc/4.0/

2066 MAYA EDEN

consumption of 80-year-olds to be equal to one-tenth of the consumption of 20-year-olds.
An equitable distribution of consumption across age groups is optimal only if the social
welfare function discounts the lifetime utilities of future generations at the same rate
that individuals discount their own future flow utilities. This reveals a tension between
concerns for intergenerational equity and concerns for consumption equality across age
groups in a given period.

This tension persists under weaker assumptions about individual and social prefer-
ences. I consider a setup with arbitrary individual preferences and arbitrary social pref-
erences that satisfy just one condition: the social preferences are nonpaternalistic, in the
sense that they respect each individual’s choice of how to allocate consumption over their
life cycle. I consider the social desirability of small perturbations along an arbitrary growth
trajectory. In this general setup, the rate at which society discounts the consumption of
future generations places an upper bound on the relative marginal social welfare weights
of older and younger people. Even small differences between the social discount rate and
the market interest rate can have significant quantitative implications. For example, if the
market interest rate is 6% (as in Nordhaus (2007)), then a 1.5% social discount rate (as
in Stern (2008)) implies that it is better to increase the consumption of a 20-year-old by
$6 than to increase the consumption of an 80-year-old by $100.

This paper adds to the literature on social discounting (see Millner and Heal (2023)
for a recent review). The social discount rate is typically analyzed in the context of
nonoverlapping generations models, with notable exceptions being Calvo and Obstfeld
(1988), Quiggin (2012), Schneider, Traeger, and Winkler (2012), and Fleurbaey and Zu-
ber (2015). Calvo and Obstfeld (1988) and Schneider, Traeger, and Winkler (2012) con-
sider a discounted-utilitarian social objective in an overlapping generations economy, and
demonstrate that transfers between age groups may be necessary for implementing the
social optimum. This paper expands on this literature by studying the quantitative impli-
cations of a low social discount rate for the optimal distribution of consumption across
age groups.

The theoretical aspects of this paper are also connected to Quiggin (2012), who uses
an overlapping generations framework to examine the relationship between intertempo-
ral social preferences and social preferences regarding the distribution of consumption
across age groups. Quiggin finds that placing equal weight on the flow utility of each age
group implies a social objective of maximizing the undiscounted sum of all current and
future flow utilities. However, as I illustrate here, this result relies heavily on the assump-
tion that individuals have a zero subjective discount rate (see also Schneider, Traeger, and
Winkler (2012)).

Similar to this paper, Fleurbaey and Zuber (2015) (Section 6) decompose the social
discount rate into a within-person component and an across-people component. In Fleur-
baey and Zuber, the across-people component reflects society’s willingness to transfer re-
sources between two individuals at their respective births, rather than the relative desir-
ability of increasing the consumption of different age groups (as in this paper). Based on
their decomposition, Fleurbaey and Zuber argue that the market interest rate is largely
irrelevant for social discounting over long time horizons. This paper reaches the oppo-
site conclusion: at any horizon, there is a relationship between the social discount rate,
the market interest rate, and the cross-sectional distributional weights of different age
groups.

Finally, this paper is related to Farhi and Werning (2007) and Barrage (2018), who study
the policy implications of a social discount rate that is lower than the market interest
rate. These papers do not derive any implications for the relative marginal social welfare



CROSS-SECTIONAL IMPLICATIONS OF SOCIAL DISCOUNTING 2067

weights of different age groups, which is the focus of this paper.? However, similar to this
paper, they illustrate that deviations of the social discount rate from the market interest
rate have far-reaching implications for optimal policy design.

2. SETUP

Time is infinite and discrete, and indexed by ¢ € Z. The current period is denoted by
t = 0. In each period, a new generation is born. In their first period of life, people are
considered to be of age 0. People die at age T > 0. Note that the assumption that 7" > 0
implies that generations are overlapping. For example, if T = 1, then people live for two
periods: in the first period, they are aged 0 and in the second period they are aged 1. To
simplify the analysis, I assume that all cohorts are of the same size.

Given the overlapping generations structure, it is convenient to introduce two differ-
ent ways to describe a consumption allocation. In some cases, it is useful to think of a
consumption allocation as a list of how much each age group consumes in each time pe-
riod. To denote the cross-sectional distribution of consumption at time ¢, I use {c,,}!_,
where ¢, is the consumption of a person aged a at time ¢. Note that I assume that all
people from the same generation have the same consumption sequence, abstracting away
from any consumption inequality within generations. The upper-case variable C, denotes
aggregate consumption at time ¢. Generally, I use ¢ as a subscript to indicate time-¢ vari-
ables.

In other cases, it is more useful to describe a consumption allocation by the consump-
tion stream of each generation. To indicate variables belonging to the cohort born at date
t, I use the superscript ¢. The vector ¢’ = (¢{, ..., c}) is the lifetime consumption stream of
each person in generation ¢. It should be noted that this notation is somewhat redundant,
as it must hold that ¢! = ¢, ... However, it can be helpful for simplifying the analysis, as
some identities are clearer when adopting a lifetime perspective while others are clearer
when adopting a cross-sectional perspective.

I use ¢ = {{c..}_,}° . to denote a complete description of how consumption is allo-
cated across time and across generations. The table below summarizes the notation used
for describing consumption allocations in this paper.

Notation Object Description

c Matrix Consumption allocations across time and people

c Vector The lifetime consumption stream of people born in period ¢
cl Scalar The consumption of people born in period ¢ at age a

C, Scalar Aggregate consumption in period ¢

Cat Scalar The consumption of people aged a in period ¢

3. THE DISCOUNTED UTILITARIAN MODEL

As a starting point, it is useful to consider the standard framework in which both in-
dividuals and the planner are discounted-utility maximizers. Calvo and Obstfeld (1988)
and Schneider, Traeger, and Winkler (2012) illustrate that, under these assumptions, the
social rate of pure time preference not only determines the optimal path of aggregate

*Farhi and Werning (2007) and Barrage (2018) consider a model of consecutive generations, in which only
one generation is alive in each period. Consequently, there is no cross-sectional variation in age.
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consumption, but also the optimal distribution of consumption across age groups. This
section discusses the quantitative implications of this result.
In the standard discounted-utilitarian framework, individual preferences over lifetime

consumption streams, (¢, ..., cr), are represented by a time-separable form,
T
1\
u(cy, ..., cr) = —_— ‘<, 1
e =X(ri) 155 ®

where the parameter y > 0 is the inverse of the intertemporal elasticity of substitution
(which is assumed to be constant), and p is the subjective discount rate.

In addition, social preferences are assumed to be represented by a social welfare func-
tion of the discounted-utilitarian (DU) form,

o8] 1 t
WDU(C):IZXEO(1+I)X) u(cg, ..., cr), (2)
where (¢, ..., ¢}) is the lifetime consumption stream of the people born in period ¢. Here,

p* (with a superscript s) is the rate at which the planner discounts the lifetime utilities of
future generations.® Stern (2008) refers to this rate as the “pure time discount rate.” Here,
I will refer to it simply as the “generational discount rate.”

Of course, the infinite sum in (2) converges only when the sequence of utilities of past
generations converges to 0 sufficiently fast and the sequence of utilities of future genera-
tions grows sufficiently slowly. However, we can assume this representation for the limited
set of consumption sequences for which we obtain convergence.

The set of feasible consumption allocations is denoted F. A typical element of F is a
matrix ¢ that satisfies the economy’s feasibility constraints. I assume throughout that past
consumption is immutable, so that different elements of F differ only in the consumption
allocations in periods 0 onwards. In addition, I assume that feasibility depends only on
aggregate consumption, and not on how consumption is distributed across age groups.*
For example, 7 may contain all of the consumption allocations that satisfy the economy’s
aggregate resource constraints. It is convenient to denote by /* C RY the set of feasible
aggregate consumption sequences from period 0 onwards. A typical element of F* is a
sequence of aggregate consumption levels, {C,}%,,.

Consider the following proposition.

PROPOSITION 1: Assume that ¢* is a unique optimal policy,
¢ =argmaxW"V(c) st.ceF

and let {C;"}°, denote the sequence of aggregate consumption implied by this optimal policy.

3The assumption here is that the utility given by expression 1 is the welfare-relevant measure of utility for
social welfare purposes (and not, say, the exponent of (1), which represents the same individual preferences).

4This is a simplifying assumption; of course, if redistribution requires distortionary taxation, then some
cross-sectional distributions of consumption may not be feasible. Furthermore, this assumption rules out sit-
uations in which the planner is bound to honor commitments that were previously made to older people. For
example, if older people were promised a certain retirement income, then this constrains the set of consump-
tion distributions that are feasible. My point here is not to argue that such constraints are irrelevant. Rather, it
is to learn about the properties of the social objective by answering the question: if the planner were not bound
by any such obligations and was able to institute lump-sum taxes and transfers, what would be the consumption
allocation that he would choose?
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(0]

(a) The sequence of aggregate consumption levels, {C*}%°, solves

o = 1 \'c~
{C[}t=0=arg{2}}?§0 1_0(1+ps> T st AACKS, € F*.

(b) In each period, for every a, a', it holds that

Cue (1 + p’)”a
C:,t 1+p ‘

The proof of this proposition can be found in the Appendix, together with other omitted
proofs. The proposition establishes that the optimal policy can be solved in two steps: the
first is to solve for the optimal aggregate consumption path in a standard representative
agent framework, and the second is to divide aggregate consumption across age groups in
fixed proportions.

This proposition establishes that the generational discount rate, p*, simultaneously af-
fects both the optimal path of aggregate consumption, and the optimal distribution of
consumption across age groups. In what follows, I consider two normative benchmarks:

e Setting p* = p, so that the generational discount rate is equal to the individuals’ rate

of pure time preference (as in Nordhaus (2007)).

e Setting p* =~ 0, to reflect equal concern for all generations (as in Stern (2008)).
In the first normative benchmark, for each two ages, a and a/, it holds that

o <1+ps>% B (1+p)¥ .
Ca 1+p I+p
This indicates that, under this benchmark, an equitable allocation of consumption is op-

timal in each period.
In the second normative benchmark, for every two ages, a’ and a, it holds that

o

() () ()
. 1+p 1+p 1+p '
Note that p and vy are not normative choices; their appropriate values depend on indi-

vidual preferences. Empirical estimates for these parameters can be found in the litera-
ture; see Table I for some examples.

o

TABLE I
EMPIRICAL ESTIMATES OF INDIVIDUAL TIME PREFERENCES.

y<0.5 ye(1,2) y=10
p=<0 Hall (1988)
p=0.04 Gourinchas and Parker (2001) Kydland and Prescott (1982) Best, Cloyne, Ilzetzki, and
Kleven (2020)
p~0.1 Lawrance (1991)

p>02 Andreoni and Sprenger (2012) Shapiro (2005)
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TABLE II
THE OPTIMAL CONSUMPTION RATIO, ¢}, ,/¢5) ,» WHEN p* = 0.

y=0.5 y=1 vy=10
p=0 1 1 1
p=0.04 0.01 0.1 0.79
p=0.1 0.00 0.00 0.56
p=02 0.00 0.00 0.33

Note: Gray cells correspond to the estimates in the literature referenced in Table I.

Table II presents the optimal consumption ratio of an 80-year-old and a 20-year-old
when p* =0, for different combinations of p and v. If p =0, then the second normative
benchmark, p* = 0, coincides with the first normative benchmark, p* = p. In this case,
an equitable allocation of consumption is optimal in every period. Estimates of p ~ 0
are broadly consistent with the literature that finds an intertemporal elasticity of substi-
tution close to 0.> However, most direct empirical estimates suggest values of p that are
significantly above 0. For example, if p = 0.04 and y = 1, then it is optimal to set the
consumption of an 80-year-old to 10% of the consumption of a 20-year-old. This means
that, at the optimal allocation, the consumption of a 20-year-old should be about 10 times
that of an 80-year-old. Micro-based estimates of p and vy result in even more extreme
levels of inequality, with the optimal consumption of 20-year-olds over 100 times that of
80-year-olds.

The intuition for these results is as follows. When individuals discount their own future
consumption, it is possible to increase their lifetime utilities by having them consume
more earlier in life and less later in life. A policy that tilts consumption toward the young
in each period reduces the lifetime utility of the current old, but increases the lifetime
utilities of everyone else. This tradeoff is acceptable to a planner with a zero generational
discount rate, who places equal weight on the well-being of future generations (of which
there are infinitely many). However, even in the long-run, this policy results in extreme
consumption inequality between older and younger people.

Of course, rejecting a zero generational discount rate has other problematic implica-
tions. It means that, as a society, we place less weight on the well-being of future gener-
ations. This implies that it is socially desirable to set policies in a way that neglects their
long-term implications, even when those implications are dire.

To illustrate this tension, I consider three examples:

¢ Endowment economy with constant consumption. The set of feasible per-capita con-
sumption sequences, J*, contains a single element, {C,}?2,, where C, = C;, = C for
all ¢.

e The neoclassical growth model. The economy’s aggregate resource constraints are
given by a standard neoclassical growth model. The initial capital stock is chosen to
match an average rate of return to capital of 6%. For details of this model and its
calibration, see Appendix D.

e A climate-economy model. The economy’s aggregate resources are given by the
model in Golosov, Hassler, Krusell, and Tsyvinski (2014). The calibration matches

>The seminal paper by Hall (1988) estimates an elasticity of substitution that is close to 0 (y > 10). While
the paper does not provide an estimate of p, by the Ramsey equation (Ramsey (1928)), r = p + yg, where r
is the market interest rate and g is the growth rate of consumption. Hence, p ~ r — yg. For a growth rate of
g =0.02 and an interest rate r < 20%, it follows that p < 0.2 — 10 0.02 = 0.
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FIGURE 1.—Optimal consumption paths. Note: The individual preference parameters are p = 0.04 and
vy = 1. The solid lines represent the optimal consumption paths of a social planner with p* = p = 0.04. These
consumption paths are equitable across age groups. The dashed lines and the dotted lines assume p* = 0.001.
The dotted lines represent the optimal consumption of 20-year-olds and the dashed lines represent the optimal
consumption of 80-year-olds. When p* = 0.001, the optimal consumption of 80-year-olds is always one-tenth of
the optimal consumption of 20-year-olds (see Table II). The three examples differ in their assumptions about
the set of feasible alternatives.

the benchmark calibration in that paper.® The model augments a standard neoclas-
sical growth model by explicitly modeling energy inputs. There are three possible
sources of energy for production: oil, which is a nonrenewable resource that is cheap
to extract; coal, which is plentiful but more expensive to extract; and green energy,
which is expensive to produce. Production using oil or coal results in carbon emis-
sions that reduce future productivity through a climate externality. In this model, the
energy mix used today affects the production possibilities of future generations.

For the purpose of these calibrations, I assume that y =1 and p = 4%.” Given these
parameters, the first normative benchmark corresponds to p° = 4%. For the second nor-
mative benchmark, I follow Stern (2008) and set p* = 0.1%.%°

Figure 1 plots the optimal consumption paths for 20-year-olds and 80-year-olds in the
endowment economy, neoclassical growth model, and climate-economy model. In the en-
dowment economy, the generational discount rate determines only the optimal distribu-
tion of consumption across age groups, and not the path of aggregate consumption, which
is fixed by assumption. While a generational discount rate of 4% implies that an equitable
distribution is optimal, a value of 0.1% prescribes extreme inequality between age groups
in each period.

In the neoclassical growth model, the generational discount rate affects both the op-
timal consumption path and the distribution of consumption across age groups. A more
patient planner will choose a higher capital-output ratio along the balanced growth path,

®In particular, the calibration assumes 2% productivity growth; full depreciation of capital over a decade;
and y = 1 (log utility). For details about the other parameters, such as those governing the accumulation of at-
mospheric CO,; see Golosov et al. (2014). I compute the optimal path of consumption using the supplemental
code provided by Barrage (2014).

"The specification y = 1 is consistent with the calibration of Golosov et al. (2014). Because the model in
Golosov et al. (2014) is one of an infinitely-lived representative agent, there is no counterpart to p (but only a
counterpart to the social rate of pure time preference, p*, which they vary).

8Stern (2008) sets a small positive social rate of pure time preference to capture a small probability of
extinction.

°Given p > 0 and y = 1, the discounted-utilitarian objective is well-defined for any constant growth rate of
aggregate consumption. In the problems that I consider, long-run consumption growth is bounded, and hence
the discounted-utilitarian objective is well-defined on the feasible set.
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financed by a short-term drop in the consumption of older people (but an increase in the
consumption of younger people). Along the balanced growth path, aggregate consump-
tion is higher, but consumption inequality is higher as well. Even in the long-term, the
consumption of 80-year-olds is lower compared to the optimal policy of the impatient
planner.

In the climate-economy model, the generational discount rate not only affects long-
term levels of consumption, but also the long-term growth rate. This is because it affects
the rate at which natural resources are depleted. As a result, a lower generational discount
rate leads to higher consumption for each age group in the distant future. Starting around
800 years from now, the optimal policy of the patient planner features higher consumption
for each age group, with the gap widening exponentially over time. For example, 2000
years from now, the consumption of 80-year-olds would be 13 times higher if we adopt a
low discount rate than if we adopt a high discount rate. Average consumption would be
56 times higher.

One might be tempted to choose different values of p* in each of these scenarios. For
example, the choice of p* = 4% in the endowment economy seems appealing, as it im-
plies that an equitable distribution is optimal in each period. At the same time, in the
climate-economy model, there is a real tradeoff between inequality and long-run pros-
perity; somebody who is particularly concerned about the well-beings of future gener-
ations might opt for p° = 0.1%. However, making the choice of p’ dependent on the
feasible set of alternatives goes against the fundamental principle of the consequential-
ist, discounted-utilitarian framework. In this framework, the social objective is always to
maximize “welfare,” regardless of the feasible set of alternatives. In other words, if you
support an equal distribution of consumption in the endowment economy, then you must
also accept a faster depletion of natural resources. Similarly, if you advocate for more
sustainable climate policies, then you must also support extreme inequality across age
groups.

4. PERTURBATIONS ALONG A GIVEN GROWTH TRAJECTORY

The previous section illustrates that, in the standard discounted-utilitarian framework,
a tension arises between intergenerational equity considerations and concerns for equal-
ity across age groups. This finding prompts the question: is this tension an artifact of
the particular assumptions of the discounted-utilitarian framework? The assumption of
discounted-utilitarian preferences is unrealistic as it ignores nonhomotheticities, time-
inseparabilities, and age-dependent consumption needs. Additionally, there are alterna-
tive social welfare functions to consider, such as the Prioritarian social welfare function,
which is averse to inequality in lifetime utilities."” Can some combination of more realistic
individual preferences and more sophisticated social preferences reverse these uncom-
fortable conclusions?

While finding the optimal policy requires making assumptions about the functional
forms of individual and social preferences, more-general results can be obtained by con-
sidering the social desirability of small perturbations along a given growth trajectory.
These results suggest that the tension highlighted by the discounted-utilitarian case ex-
tends to a large class of models.

To illustrate, I start with a simple example in which there are only two generations, A
and B, and three time periods, —1, 0, and 1. Generation A is born in period —1, and

10See, for example, Adler (2019).
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generation B is born in period 0. Both generations live for two periods. Suppose we have
a benchmark allocation in which consumption is constant over the life cycle and across
generations (similar to the optimal policy of the endowment economy when p* = p). The
social discount rate, r*, is defined based on the indifference condition:

|t=-1 t=0 t=1 [ t=-1 t=0 t=1

A C C ~ A C c+1 > (3)
B c c+1+7r° B c c

where ~ denotes the social indifference relation. The shaded cells highlight the differ-
ences between the left-hand side and the right-hand side. Here, r* is defined such that
increasing the consumption of old people from generation B by 1 + r° units is welfare-
equivalent to increasing the consumption of old people from generation A4 by 1 unit.

It may be useful to point out that, in the discounted-utilitarian framework, r* = p* (pro-
vided that one unit is a sufficiently small quantity). As, in this example, consumption is
constant across time, discounting the consumption of the future old relative to the con-
sumption of the current old reflects the social discounting of the utilities of future gen-
erations. However, note that the social discount rate, r*, is defined for a much broader
class of social preference relations, including preferences that do not take the discounted-
utilitarian form.

It turns out that »* is fully determined by the social preferences over allocations of
consumption across age groups at ¢ = 0, and the social preferences over the consumption
streams of generation B. To see this, let M be such that!!

|t=—1 t=0 =1 | t=—-1 t=0 t=1

A c c+1 ~| 4 c c . 4
B c c B c+M c

The parameter M is defined based on the condition that, in period 0, a one-unit increase
in the consumption of the old is welfare equivalent to an M -unit increase in the consump-
tion of the young. If M = 1, then the social preference relation is “age-blind”: increasing
the consumption of the old is just as valuable as increasing the consumption of the young.
In contrast, if M < 1, then it is better to increase the consumption of the young by one
unit than to increase the consumption of the old by one unit.

Next, define R so that'?

| t=-1 =0 =1 | t=-1 =0 =1
A c c ~1 A4 c
B c+M c B

¢ ®)
c c+ MR

The value of R depends on the social ranking of the consumption sequences for gener-
ation B. Usually, these preferences correspond to generation B’s own preferences over
its consumption stream. In this case, R is determined by the condition that generation
B is indifferent between consuming an additional M units in period 0 and consuming an

UThe existence of an M that satisfies this condition is generally not guaranteed. However, it holds for M
sufficiently small, under the assumption that the social preference relation can be represented by a differen-
tiable social welfare function that is strictly increasing in all consumption levels. The same is true for R, which
is introduced later.

12See footnote 4.
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additional MR units in period 1. If members of generation B discount their own future
consumption, then it must hold that R > 1.
By the transitivity of the indifference relation, (3) and (4) imply that

-1 =0 t=1 -1 t=0 =1

| = | =
A c c ~ A c c
B c c+1+7r° B c+M c

and, combining the above condition with (5) yields

t=0  t=1 t=0 =1

| t=-1 | t=-1
A c ¢ ~| A4 c c
B c c+1+r B c c+ MR
This establishes that increasing the consumption of old people in period 1 by 1+ 7* units is
welfare-equivalent to increasing their consumption by RM units. Under standard mono-

tonicity assumptions, this implies that
1+ =RM. (6)

It is worth highlighting two special cases.

e Age-blind preferences: M = 1. This normative choice means that, in each period, the
consumption of the old matters just as much as the consumption of the young.

o Birthdate-blind preferences: »* = 0. This normative choice means that the timing
of birth is irrelevant; the consumption of an old person from generation B matters
exactly as much as the consumption of an old person from generation A.

A social preference relation that is both age-blind and birthdate-blind must satisty

1+4r¥=RM = 140=R-1 = R=1.

This implies that the social preference relation must be paternalistic, in the sense it dis-
regards people’s preferences over their own consumption streams. To illustrate, consider
the following two options: (a) increasing the consumption of generation B by one unit
when young or (b) increasing its consumption by 1 + € units when old. If R =1 then, for
any € > 0, the welfare gains from option (b) exceed the welfare gains from option (a).
However, empirically, people tend to require some compensation for delaying consump-
tion; this suggests that, for some e > 0 sufficiently small, generation B prefers option (a)
to option (b). The result is a violation of the Pareto condition: the planner prefers op-
tion (b), even though everyone prefers option (a).

The implication of (6) is that, if we reject paternalism, then we cannot have a social
preference relation that is both age-blind and birthdate-blind.

5. ADECOMPOSITION OF SOCIAL DISCOUNT RATES

As in the example in the previous section, the question of how to make tradeoffs across
generations and across time can be decomposed into two simpler subquestions: first, how
to make tradeoffs across age groups within a time period (“M”), and, second, how to
make tradeoffs within a generation across time (“R”).

In what follows, I generalize this result to settings with arbitrary consumption paths,
multiple age groups and multiple generations. To discuss the social desirability of small
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perturbations to the consumption allocation, it is convenient to fix a consumption allo-
cation, ¢, and assume that, in an open neighborhood of ¢, social preferences are repre-
sentable by a differentiable social welfare function, W. Note that, in what follows, I do
not assume that W takes the discounted-utilitarian form, or any other functional form. At
this point, I assume only that W is differentiable (later, I will add an assumption that W
is non-paternalistic).

Let W, , denote the increase in welfare resulting from an incremental increase in the
consumption of a person aged a, at time ¢, given the consumption allocation ¢:

IW (¢)

W, = . 7
=T ™)

Note that W, , is the social marginal welfare weight of a person aged a at time ¢.

5.1. Generalizations of r’, M, and R

As in (3), the social discount rate, 7 ,, is defined based on the social indifference be-
tween two perturbations, which are detailed in Table IIL In the first perturbation, we
increase the consumption of people aged a by (1 + r; )" units at time ¢. In the second
perturbation, we increase the consumption of people of the same age by 1 unit today.

The welfare gains from the first perturbation are approximately (1 +r; ,)'W,,, and the
welfare gains from the second perturbation are approximately W, ,. For these welfare
gains to be the same, r! , must be defined as

> Pa,t
1
[ Wao t—l
a,t Wa,t

Note that the social discount rate, r; ,, expresses the social marginal rate of substitution
between ¢,y and ¢, , as an average per period rate of return.

Next, I construct a set of analogs for “M.” As in (4), M, ., is defined based on the
social indifference between two perturbations that affect two different age groups in a
given time period (Table IV). In the first perturbation, we add one unit of consumption
to people aged a’ at time ¢. The welfare gains from this perturbation are approximately
W, .. In the second perturbation, we add M, ., units to the people aged a at time ¢. The
welfare gains from this perturbation are W, ;M, , ,. For the welfare gains from these two

perturbations to be the same, M, , , must be defined as

War
Wai

My, =

The value of M, ., is the ratio of the social marginal welfare weight of a person aged a’
and the social marginal welfare weight of a person aged a, at time ¢.

TABLE III
WELFARE-EQUIVALENT PERTURBATIONS INVOLVING 7; .

Added Consumption Age Time Period Generation

Perturbation 1 (I+r,) a t t—a
Perturbation 2 1 a 0 —a
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TABLE IV
WELFARE-EQUIVALENT PERTURBATIONS INVOLVING M, 4 ;.

Added Consumption Age Time Period Generation

Perturbation 1 1 a t t—a
Perturbation 2 Mg e a t t—a

Finally, I construct a set of analogs for “R.” Generalizing (5), R, », is defined based
on the social indifference between two perturbations that affect the same generation in
different periods of life (Table V). In the first perturbation, at time ¢, we add a unit of
consumption to the people aged a. The welfare gains from this perturbation are W, ,. In
the second perturbation, we wait until the people are aged a’ (which happens in period
t+ (a' — a)), and then increase their consumption by R, ., units. The welfare gains from
this perturbation are R, » Wy 4w —q)- Social indifference between these two perturbations
implies that R, ., must be defined as

Wei

Row)i=—""—.
I/Vaz’,l+(a’—a)

5.1.1. Examples

Before stating the main result, it is useful to illustrate the concepts of r; ,, M, »;, and
R, .. using the three examples from Section 3. Note that all three variables depend on
the benchmark consumption allocation, ¢ (which is used in the definition of the social
marginal welfare weights in (7)). For the purpose of these illustrations, I assume that
the benchmark consumption paths are the ones chosen by a discounted-utilitarian policy-

maker for whom p* = p:

[ee] 1 t
¢ = argmax <—) u(c') st.celF. (8)

Figure 2 plots the social discount rates in the examples in Section 3. In these exam-
ples, a higher generational discount rate implies a higher social discount rate. While the
generational discount rate is a fixed parameter of the social welfare function, the social
discount rate depends on the path of aggregate consumption.

TABLE V
WELFARE-EQUIVALENT PERTURBATIONS INVOLVING R, 4 ;.

Added Consumption Age Time Period Generation

Perturbation 1 1 a t t—a
Perturbation 2 Roo a t+(d —a) t—a

BThis would be the growth trajectory that is implemented by a policymaker that adopts his constituents’
time preferences. Note, however, that this allocation is not necessarily attainable as a laissez-faire equilibrium.
For example, in the climate-economy model, implementing the policymaker’s optimal policy requires setting
carbon taxes to correct for climate externalities.
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A. Endowment B. Neoclassical growth C. Climate-economy
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FIGURE 2.—; , for the three examples in Section 3. Note: For each of the three examples, the benchmark
consumption path, ¢, corresponds to the optimal policy of a discounted utilitarian planner with p° =4% (as in
equation (8)). The social discount rates, r; ,, are independent of the age, a, along the consumption paths ¢.

Figure 3 illustrates the values of M g, for the three examples in Section 3. Note that,
as the benchmark allocation ¢ is chosen by a planner for whom p°® = p, by Proposition 1,
it must feature an equitable distribution of consumption across age groups. If the gen-
erational discount rate is p* = p, then this distribution is socially optimal. In this case, a
marginal increase in the consumption of an 80-year-old is just as valuable as a marginal
increase in the consumption of a 20-year-old. However, if p* = 0.1%, then it is better to
increase the consumption of a 20-year-old by $10 than to increase the consumption of an
80-year-old by $100.

Finally, Figure 4 illustrates that, in the discounted-utilitarian framework, the values
of R, . are independent of the generational discount rate. Regardless of p*, the social
preference relation evaluates changes to an individual’s lifetime consumption in the same
way that the individual would.

5.2. Decomposition

The following proposition generalizes equation (6).

1
4
0.8}
- P5=4%
806l
&
=
04t
p°=0.1%
0.2
......................................... & e
0
0 200 400 600 800 1000
Year

FIGURE 3.—My 5, for the three examples in Section 3. Note: For each of the three examples, the bench-
mark consumption path, ¢, corresponds to the optimal policy of a discounted utilitarian planner with p* = 4%
(as in equation (8)). In these examples, the value of My g, does not depend on the path of aggregate con-
sumption, but only on the distribution of consumption across age groups. Consequently, M s, is constant
across time and the same for all three examples.
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A. Endowment B. Neoclassical growth 31 C. Climate-economy
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FIGURE 4.—Ry 5, for the three examples in Section 3. Note: For each of the three examples, the benchmark
consumption path, €, corresponds to the optimal policy of a discounted utilitarian planner with p° =4% (as in
equation (8)). In these examples, Ry go,; does not depend on the generational discount rate, p°.

PROPOSITION 2: Let 0 <a<a' <T and n> 0. For t = (a’ — a)n, it holds that

1 1
7 7

n—1 n—1
1+ rjf’[ = l_[ Mu,a’,(a’—a)-r l_[ Ra,a’,(a’—a)f . (9)
=0 =0
PROOF: By definition,
Wea W,
(14ry,) === 0 (10)

B I/Va’,t B I/Va’,(al’—z/z)n'
The right-hand side can be rewritten as
I/Va/,() o (I/Va’,ﬂ) < I/Va,O ) (Wl’,a’—a) . (Wl’,(a’—a)(n—l)) (Wl,(a’—a)(n—l))
I/Va’,(zz’—a)n I/Vu,O I/I/;z’,a’—a I/Va,a’—a I/I/;z,(a’—a)(n—l) Wa’,(a’—a)n
——

Ma,a/,a/—a Ma,a’,(a/—a)(n—l) Ra,a’,(a’—a)(n—l)

To see this, note that the denominator of M, , . cancels out with the numerator of R, .,
and the denominator of R, . . cancels out with the numerator of M, s ;(—q). Writing the
above identity in product form and combining with (10) implies that

n—1 n—1
(1 + r;/’t)[ = l_[ M”’“/*T(”/*a) 1_[ Ru,a’,r(a’—a)
=0 =0

The proposition follows from raising both sides of this equation to a power of 1/t.
Q.E.D.

The proposition generalizes equation (6) in that it decomposes the social discount rate
into an “M term” and an “R term” (note that equation (6) can be obtained as a special
case of equation (9) by imposing @' = a+ 1 and n = 1). The M term depends on how soci-
ety values increasing the consumption of older people relative to increasing the consump-
tion of younger people. The R term depends on how society ranks different consumption
streams for a single individual over their lifetime.
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5.3. The R Term

Assume that individuals’ preferences over their own consumption streams are repre-
sented by utility functions, {u'(-)}°__, which are strictly increasing, concave, and satisfy
the Inada conditions.!* Note that, for the following results, it is not necessary to assume
that individual preferences take the discounted-utilitarian form in equation (1) (although
of course this is allowable as a special case).

Social preferences are said to be nonpaternalistic if they align with individual prefer-
ences when evaluating changes in consumption over the life cycle. The discounted util-
itarian preferences discussed in Section 3 are examples of nonpaternalistic social pref-
erences. When social preferences are nonpaternalistic, then the social marginal rate of
substitution between the consumption of an individual at age a and their consumption at
age a’ is determined by the rate at which the individual themselves is willing to substitute
consumption between these two ages:

&ut—a ((—:t—a)
dci=¢
Ra,a’,t = m. (11)
aci
In what follows, I restrict attention to economies in which people can trade single period
bonds, at the interest rates {r,}3°,. Given these interest rates, the consumption stream of
generation ¢, ¢/, solves the following optimization problem:

¢ =arg max u'(c’)  subject to (12)
C; + b; = y:z +(1+ rt+a)biz—17 (13)
b! > b!. (14)

In this optimization problem, y! is generation #’s income at age a, b’ is the amount of
one-period bonds that it holds at age a and (—b') is its debt limit at age a. The first
constraint is the flow budget constraint, which states that, in each period, consumption
and savings cannot exceed the sum of income and financial wealth. The second constraint
is the borrowing constraint, which places a limit on the amount of debt that can be held
at each age.”

Given the short-term market interest rates, {r,}._,, it is useful to define the long-term
market interest rate, )", as the average rate of return on a one-period bond that is issued
in period 0 and refinanced for ¢ periods:

[

ri= (i_[(l + rT)> -1

Consider the following proposition.

4This assumption allows for intergenerational altruism, as people may care about the consumption streams
of other generations in addition to their own. However, it is assumed that such altruistic preferences are sep-
arable from individuals’ preferences over their own consumption streams, so the utility function u* does not
depend on the consumption of other generations.

SFor example, it is natural to assume that Q’T =0, so that people cannot die with debt. However, it is worth
noting that none of the results that follow assume that borrowing constraints are binding.
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PROPOSITION 3: Assume that social preferences are nonpaternalistic and that, for every t,
the consumption sequence, ¢', solves problem (12). Then, for every a’' > a,n > 1 and t =
n(a — a), it holds that

n—1 t
(1_[ Ra,a’,(a’—a)r) Z 1 + r[m.
=0

To develop intuition, it is useful to focus on the case n = 1. Note that, from (11), the so-
cial marginal rate of substitution R, , , is given by the individual’s marginal rate of substi-
tution between consumption at age a and consumption at age a’. If borrowing constraints
are not binding then, by the standard Euler condition, this marginal rate of substitution is
equal to the market return on saving between these two periods. If borrowing constraints
are binding at any point, then the marginal rate of substitution will be greater than the
market returns.

This proposition is useful because it sets a lower bound on the R term in the decom-
position result of Proposition 2. When social preferences are nonpaternalistic and ¢ is
an equilibrium consumption path, then this term must be greater than or equal to the
long-term market interest rate.

It is worth noting that the assumption of nonpaternalistic social preferences may be
controversial (see Caplin and Leahy (2004) for further discussion). Indeed, there are
policies in place that can be interpreted as being paternalistic toward individuals’ time
preferences: for example, subsidized retirement savings capture the sentiment that peo-
ple should be nudged toward saving more for their own good. However, the focus of the
debate surrounding the social discount rate is not on whether individuals save enough for
their own benefit, but rather on how to make intertemporal tradeoffs that involve differ-
ent generations. As such, the nonpaternalistic benchmark serves as a logical starting point
for this analysis.

5.4. The M Term

By combining Proposition 2 and Proposition 3, I obtain the following result.

PROPOSITION 4: Assume that social preferences are nonpaternalistic and that, for every t,
the consumption sequence, ¢, solves problem (12). Then, for any t that is divisible by 60, it

holds that
1
t/60—1 (1/60) s 60
T+rg,
M . < : . 15
(1‘[ 20,80,60) _(Hr[,,,) (15)

This result is immediate from substituting a = 20, ' = 80 and n = ¢/60 into Proposi-
tions 2 and 3. Note that the inequality will be strict if and only if borrowing constraints
are binding sometime between the ages of 20 and 79.

The left-hand side of this inequality represents the geometric mean of the social
marginal rates of substitution between 20-year-olds and 80-year-olds, across ¢/60 equally
spaced periods between 0 and ¢. The right-hand side is the ratio of the gross social dis-
count rate and the gross market interest rate, raised to the power of 60. Using the standard
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FIGURE 5.—Possible values of the M term. Note: The x-axis represents the difference between the market
interest rate and the social discount rate. The y-axis represents the geometric mean of the social marginal rate
of substitution between 20-year-olds and 80-year-olds. The shaded area represents the combinations that are
consistent with Proposition 4, using the approximation in expression (16).

log approximation, for 73, , and ;" that are close to 0, it holds that'’

1 +rs 60 ‘
0

Figure 5 illustrates the quantitative implications of Proposition 4. The x-axis represents
the difference between the market interest rate and the social discount rate, while the
y-axis represents the geometric mean of the social marginal rate of substitution between
20-year-olds and 80-year-olds (the M term). The shaded area shows the possible combi-
nations of these two variables that are consistent with the relationship shown in equation
(15), using the approximation in equation (16). This figure illustrates that, as the social
discount rate falls below the market interest rate, the maximal marginal rate of substitu-
tion across age groups becomes very small very quickly.

It may be useful to spell out the quantitative implications of imposing a social discount
rate of 1.5%, as in Stern (2008), given a market interest rate of 6%, as in Nordhaus (2007).
In this case, the difference between the social discount rate and the market interest rate
is 4.5 percentage points. By expression 15, for a 60-year horizon (¢ = 60), it holds that

14750\ [1.015\%
Moo (L Ts0e\ T (LOISNT o 17
20,80,0 = ( 147 > < 1.06 ) (17)

This upper bound means that it is better to increase the consumption of a 20-year-old by
6 dollars than to increase the consumption of an 80-year-old by a 100 dollars.

Note that the difference between the 60-year market interest rate and the 60-year social
discount rate places an upper bound on the social marginal rate of substitution between
age groups today. The above analysis demonstrates that if the social discount rate is 4.5
percentage points below the market interest rate, then society must consider it more ben-
eficial to increase the consumption of a present day 20-year-old by $6 than to increase the
consumption of a present day 80-year-old by $100.

1*To see this, note that log(((1 47§ )/ (14r7"))*) = 60(log(1+r8, ) — log(1 4 r")) ~ 60(rg, , — ri"). It thus
follows that ((1+ g, ,)/(1 +r7")® =~ exp(60(ry, , — ")) = exp(rg,,, — r7")*. Using the Taylor approximation
around x =0, exp(x) ~ 1+ x, and hence ((1+r,,)/(1 4+ r")® = exp(ry,, — 1% ~ (1 +ry,, —rM%.
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At longer horizons, there is more flexibility. In principle, specifying the 120-year social
discount rate to be 1.5% is consistent with the stance that increasing the consumption of
the current elderly is just as valuable as increasing in the consumption of the current young
(i.e., My 500 = 1). However, if the social marginal rate of substitution today is higher than
its long-run geometric mean, then it must be lower than its long-run geometric mean in
the future. Given a market interest rate of 6%, it follows by Proposition 4 that

1+7 8020 1.015\*
Mo s0.0Mon soe0)t = (1- Ma0.0) < [ 30120 — (=) ~0.06
(M20,80,0M0,80,60) ( 20.80.60) —( 1+ 1.06

= Mzo,g(),@o < 0.06> = 0.0036

which means that, 60 years from now, we must accept that it is more beneficial to increase
the consumption of a 20-year-old by 36 cents than to increase the consumption of an
80-year-old by 100 dollars.

6. DISCUSSION

This paper demonstrates a tension between concerns for intergenerational equity and
the desire to ensure equal consideration for the consumption of people of all ages.

There are several ways forward. One is to simply accept these implications. For in-
stance, perhaps it is desirable to favor the consumption of younger people over that of
older people. Alternatively, perhaps policymakers should discount the utilities of future
generations.

If we reject both of these implications, we are left with two options. The first is to adopt
a paternalistic social preference relation, which reflects the view that people save too
little for their own good. However, such paternalism may be problematic, as it supports
policy interference in individual saving decisions over the life cycle—something that many
people would consider objectionable.

The final option is to reject the consequentialist framework altogether. The consequen-
tialist framework assumes that the social objective should be independent of the feasi-
ble set of alternatives. The results in this paper highlight the potential limitations of this
framework. When designing redistributive policies, we may want to express equal concern
for people of all ages; when confronted with intergenerational tradeoffs, we may want to
give serious consideration to their long-term implications; and, when deciding on an in-
dividual’s retirement savings, we may want to defer to their preferences. Unfortunately,
it is not possible to formulate a single social objective that satisfies all of these demands.
These three demands can only be met in a nonconsequentialist framework, in which the
social objective depends on the context.

APPENDIX A: PROOF OF PROPOSITION 1

I start by proving the second clause. First, note that ¢* is feasible. Because feasibility
depends only on the sequence of aggregate consumption, if ¢ differs from c¢* only in the
allocation of consumption across age groups, but not in the sequence of aggregate con-
sumption, then c is feasible as well.

It is convenient to denote “flow welfare” by

T

14+ p%\*
w(co,...,cT)=Z(1+Z> a

a=0
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Note that social preferences are represented by

(o)

We)=Y_ <1 4ips>tw(c0,,, e Cr).

t=—0o0

Let ¢* denote the optimal feasible consumption allocation, and let ¢** = {c* },., denote
the solutions to the optimization problems:

T
{c;‘f‘,}u: =arg max w,(Co,...,Cr;) St an,, =C.

{Ca}a 0

By construction, ¢** maximizes “flow welfare” in each period. If, for some period ¢, it
holds that w,(cg?, ..., ¢,) > w/(cj,, - - -, 1,), then social welfare, W, would increase if
we were to replace ¢* with ¢**. Given that ¢* is optimal and ¢ is feasible (as it has the
same sequence of aggregate consumption), it must hold that, for every ¢,

w,(c(’;f,, e cﬁ‘t) = wt(c;{t, cees c;’t).

It is left to show that the solution to the within-period optimization problem delivers the
expression in Proposition 1. The first-order conditions of the within-period optimization

problem are
1+p°\*
( +p > V=M,
1+p

where A > 0 is the Lagrange multiplier on the constraint. Thus, for every a and a/, it holds
that

(1+ps> ca7=(1+ps> P ca/=<1+ps)y‘
1+p 1+p Ca 1+p

To prove the first clause of the proposition, note that, using the above expressions for
the optimal allocation of consumption across age groups, in the optimal allocation, the
“flow welfare,” w, is given by

T 14+ p° a(éuu(c*))lfy T 14p° ] a (Ct*)lfv
* * _ t _ —y
w(CO’I’.'.’CT’t)_aX_O:<1+p) 1_')’ - aX_;(l+p§a ) 1_ B

Y

where {, is the constant consumption share of people aged a. It follows that

o= (i) (E(655) ) 75

=—00

(B0 ) (2055

1=—

Note that the first term in brackets is a positive constant, and hence maximizing WPY
is equivalent to maximizing the second term. Because ¢* is optimal, it follows that the
sequence of aggregate consumption, {C;}?,, solves the optimization problem in the first
clause of the proposition.
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APPENDIX B: PROOF OF PROPOSITION 3

As, for every i, the social preferences over the consumption stream ¢ are represented
by u', it holds that

u(e)
W;z ac
R,p,= - = 4
a I/Val’,l+(a’—a) Ju' (C;)
dcy

where i =t — a is the generation that is aged a in period t.
The first-order condition of individual i’s optimization problem with respect to ¢! yields

ou' ()
&cfl

= X, (18)
where A! > 0 is the Lagrange multiplier on the age-a budget constraint.'’
For a < T, the first-order condition with respect to b’ is
A= ot (L4 7ia) Ay

where ¢! > 0 is the Lagrange multiplier on the borrowing constraint at age a. Substituting
expression 18 yields

J i(al ) J i(ai
) i (1 )
(76'“ a+1
au'(¢)
or)ci {:i
- a. - .a - 1 ita) — 1 ita-.
ou'(e)  ou' () Fln) =T
‘7C¢i+1 07sz+1
Thus,
au'(c) u'(¢)  ou'(T) au'(¢)
R _ act _< act )( ack,, )( acj“)
e au'(¢) B au'(¢) ) \ au'(¢) au'(¢)
ac, act ., ack ., ac,

> (1 4+ricd) (X +rigar1) - (A +ripa—r).

As i =t — a, it follows that

a—a—1

Ra,a’,t Z 1_[ (1 + r[+7—).
=0

"Here, I am using the assumption that u is strictly increasing, concave and satisfies the Inada conditions to
conclude that the optimal consumption plan satisfies this first-order condition.
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Thus, for t = (¢’ — a)n,

n—1 fa’'—a-1
l_IRaa m(a'—a) — z l_[< 1_[ (1+r7'(a’a)+7’)>

7/=0

=((A+r)-A4ri-a) (A +ranw-a) A+ ra@-a-1))
:]_[ (IL4r)= (14"

(where the last equality follows from the definition of the long-term market interest rate,
r"). Hence,

n—1
(l_[ Ru,a’,r(u’a)) Z 1 + rtm‘
7=0

APPENDIX C: PROOF OF PROPOSITION 4

By Proposition 2 and Proposition 3, when preferences are nonpaternalistic then, along
an equilibrium path, it holds that

£/601 i
T+rg, > ( 1—[ M50 607) 1 + r;n)

for a time horizon ¢ that is divisible by 60. Dividing both sides by the gross market interest
rate, 1 + r", I obtain

1 €1
T 17601 7 1/60—1 T\ o
80,1
1 + rm jutl l_[ M20 80,607 = 1_[ M20,80,6OT .
=0

Raising both sides by a power of 60 yields the inequality
1
1+r§0t 60 t/60—1 (1/60)
d > M . . 19
(1+r{”> > ]‘! 20,80.60 (19)

APPENDIX D: THE NEOCLASSICAL GROWTH MODEL

This section presents the feasibility constraints and the calibration of the neoclassical
growth model.

I begin by specifying the economy’s resource constraints (which determine the set of
feasible aggregate consumption sequences, F*). In each period, aggregate output, Y, is
produced according to a standard Cobb—Douglas production function,

Yt = K;I (Ath)l_aa
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where L, > 0 is aggregate labor inputs, K, > 0 is aggregate capital inputs, A is labor-
augmenting productivity, and « € (0, 1) is the capital intensity of production. Productivity
growth is constant at the rate g:

A =(1+g) A

Labor is supplied inelastically; each person supplies L, > 0 units of labor at age a. As
the size of each cohort is fixed, labor supply at time ¢ is given by

Li=L=>) L, (20)

The initial capital stock, K, is given. For ¢ > 0, K, is given by the standard capital
accumulation equation,

Kt = (1 - 8)K1—1 + It—la

where I, is investment and 6 € (0, 1) is the capital depreciation rate.
The economy’s aggregate resource constraint at time ¢ is

Ct‘f'lt:Yt’

where C, is aggregate consumption. Note that, in this model, the set of feasible aggregate
consumption sequences depends on the initial capital stock, K.

D.1. Calibration

I calibrate the model to the United States. Table D.I summarizes the model’s calibrated
parameters. Most of the parameters are standard. The capital intensity parameter, «, was
chosen to roughly match the capital income share, and the parameter g was chosen to
roughly correspond to the average annual growth rate of GDP per capita in the US. The
parameter y was chosen as y = 1 corresponding to log-utility. The capital depreciation
rate, 8, was chosen to roughly match the average depreciation rate of capital in the US.

The initial capital stock, K, was calibrated under the assumption that the current rate
of return on capital is 6%. The rate of return on capital, r, is given by

Y,

r=
oK,

—8=aK{™!
(using the normalization 4y = L = 1). Thus, given « and r, it is possible to back out K.

TABLE D.I
CALIBRATION PARAMETERS.

Value Target
e 0.3 Capital income share
6 (annual) 0.05 Capital depreciation rate
1/y 1 Intertemporal elasticity of substitution
g (annual) 0.02 GDP per-capita growth rate
Ay 1 (Normalization)
L 1 (Normalization)

K, Rate of return of 6%
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