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Choosing the Future: Markets,
Ethics, and Rapprochement in
Social Discounting;

ANTONY MILLNER AND GEOFFREY HEAL

This paper provides a critical review of the literature on choosing social
discount rates (SDRs) for public cost-benefit analysis. We discuss two dom-
inant approaches, the furst based on market prices and the second based on
intertemporal ethics. While both methods have attractive features, neither
is immune to criticism. The market-based approach is not entirely persua-
sive even if markets are perfect, and faces further headwinds once the impli-
cations of market imperfections are recognised. By contrast, the ‘ethical’
approach—which relates SDRs to marginal rates of substitution implicit in
a single planner’s intertemporal welfare function—does not rely exclusively
on markets, but raises difficult questions about what that welfare function
should be. There is considerable disagreement on this matter, which trans-
lates into enormous variation in the evaluation of long-run payoffs. We dis-
cuss the origins of these disagreements, and suggest that they are difficult to
resolve unequivocally. This leads us to propose a third approach that recog-
nises the immutable nature of some normative disagreements, and proposes
methods for aggregating diverse theories of intertemporal social welfare.
We illustrate the application of these methods to social discounting, and
suggest that they may help us to move beyond long-standing debates that
have bedevilled this field. (JEL D60, D61, D71, H43, H54 )

1. Introduction

oward the end of the first century AD,
the Roman emporer Domitian ordered

*Millner: University of California, Santa Barbara. Heal:
Columbia University. We are grateful to Maya Eden, Marc
Fleurbaey, Christian Gollier, five anonymous referees, and
Steven Durlauf for helpful comments.

the construction of an aqueduct to serve
the settlement of Segovia, a trading center
serendipitously located in the middle of the
Iberian Peninsula. The aqueduct was an
architectural marvel; it transported water
from the mountains over 15 kilometers away,

tGo to https:/doi.org/10.1257/jel.20211675 to visit the
article page and view author disclosure statement(s).
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and required the construction of 167 arches.
The Segovia aqueduct operated almost con-
tinuously for over 1,800 years, supplying the
town with water until the early twentieth
century. It remains a tourist attraction to this
day.

Nestled in a nature reserve on the Atlantic
Ocean, about half an hour’s drive from cen-
tral Cape Town, sits Koeberg Nuclear Power
Station—the only such facility in Africa.
Koeberg is capable of producing 1,860
megawatts of zero-carbon electricity and
currently accounts for about 5 percent of
South Africa’s electricity production. Carbon-
intensive coal power accounts for almost
90 percent of national production. Like all
nuclear power stations, Koeberg produces
radioactive waste. Low-grade waste is sealed
in concrete drums and trucked up the coastal
highway to be buried in the Namaqualand
desert, a region known for vivid displays
of spring wildflowers. High-grade waste—
spent fuel rods and the like—is too hazard-
ous to be transported. It is stored on site in
cooling ponds, across the bay from a rap-
idly expanding city of 4 million inhabitants.
The half-life of spent nuclear fuel is roughly
160,000 years.

According to recent climate science (Ricke
and Caldeira 2014), the increase in global
average temperature due to a pulse of car-
bon dioxide emissions is likely greatest after
only 10 years. But even after 100 years, the
temperature response is still at 80 percent of
its peak. Some studies have estimated that
even if we stopped emitting carbon dioxide
immediately today, sea levels would continue
to rise for a further 1,000 years (Solomon
et al. 2009).

To what extent are large infrastructure
projects, nuclear power, and reductions in
carbon dioxide emissions “good things’?
The three examples above serve to show that
these questions cannot be answered without
consideration for the distant future—time
horizons extending to multiple decades,
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centuries, perhaps even millennia. How
should such projects be evaluated? If we take
the conventional tools of cost-benefit analy-
sis as read, this question largely boils down to
how to aggregate project consequences that
occur at different points in time. The tool
that enables us to convert temporal streams
of payoffs into a net present value that cap-
tures the social value of a project is the social
discount rate (SDR). The SDR is the rate
at which the social value of a marginal con-
sumption change declines as it moves further
into the future. The values that governments
pick for SDRs largely determine the degree
of consideration that they give to the future
when evaluating investments and policy
choices. It is not an overstatement to say that
choosing SDRs amounts to choosing a sub-
stantial part of the future itself.

Despite its central role in determining
the future orientation of government policy,
the choice of SDRs—especially for long-
term project evaluation—has been a source
of controversy for decades. At the heart of
this controversy is a fundamental method-
ological schism in the community of schol-
ars and practitioners who work on this issue.
The central line of cleavage concerns the
relative importance of markets and ethics
as determinants of appropriate values for
SDRs. Paraphrasing the arguments, those
who view markets as paramount argue that
prices determine the opportunity costs of
public investment, and hence efficiency
requires that social discount rates should
coincide with observed market rates of
return. By contrast, proponents of the “eth-
ical” approach are skeptical of the welfare
significance of market prices, especially in
the presence of market imperfections and
at intergenerational time horizons. Instead
they propose to compute SDRs directly
from a normative model of society’s inter-
temporal welfare function. This function
represents intertemporal distributive objec-
tives in much the same way that the social
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welfare functions used in optimal income
tax theory capture intratemporal distrib-
utive objectives. While this approach is
less prone to the criticism of naive market
perfectionism, it has its own difficulties.
In particular, the SDRs that emerge from
this approach depend strongly on norma-
tive parameters that capture, for example,
societal impatience, aversion to inequality,
and attitudes to uncertainty. Small changes
in the prescribed values for these param-
eters can have an enormous effect on the
evaluation of projects with long-run conse-
quences. Since these parameters capture
primitive normative judgments about social
objectives, it will come as no surprise that
there is a diverse set of views on how they
should be chosen. Critics of the “ethical”
approach argue that it is paternalistic, or
point to the inherent indeterminacy of an
analytic framework that rests on normative
parameters about which there can never be
objective scientific consensus.

The first purpose of this article is to lay
out rigorous “steel man” presentations of
the approaches to social discounting based
on markets and ethics, respectively. Due to
the at times factional nature of the debate,
each of these approaches is rarely presented
in its best light, and there are many attrac-
tions and difficulties with each of them that
have not been widely appreciated. The sec-
ond purpose is to offer an alternative to
these two dominant paradigms. This new
approach draws on a recent literature on
intertemporal social choice; a set of theoret-
ical ideas that allows for the preservation of
disagreements about intertemporal societal
objectives, but nevertheless seeks to achieve
a rapprochement between them. Although
nascent, we believe that this line of work
avoids some of the pitfalls of approaches to
social discounting that rest on a single nor-
mative paradigm that is invariably open to
attacks of paternalism or ethical arbitrari-
ness. There are many previous fine reviews
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of social discounting and its role in public
cost-benefit analysis, but much of what we
will discuss has been published in the last
15 years, and is thus absent from these
treatments. We also believe that our pre-
sentation offers something of a different
perspective, in that we are mostly concerned
with the conceptual underpinnings of the
dominant approaches to social discounting,
rather than quantitative calculations of dis-
count rates under various detailed modeling
assumptions.

We begin with a discussion of what we can
and cannot learn from market prices. We sug-
gest that while there are some situations where
an approach to social discounting based on
observed prices may make sense, on the whole
this requires a strong faith in the welfare sig-
nificance of prices, and is at best incomplete.
Indeed, even if markets are perfect, there are
a number of reasons to be skeptical about
whether prices are telling us what we need to
know for the purposes of setting SDRs. We
discuss three of these: limitations of revealed
preference in dynamic choice contexts, inter-
generational issues, and the presence of het-
erogeneous or erroneous beliefs. We then
discuss deficiencies in the implementation of
the market-based approach, focusing on the
way governments currently handle the matu-
rity- and risk-dependence of discount rates.

LClassic texts on public cost-benefit analysis and other
reviews of social discounting include Dasgupta, Marglin,
and Sen (1972); Little and Mirrlees (1974); Lind et al.
(1982); Dreze and Stern (1987); Portney and Weyant
(1999); Groom et al. (2005); Heal (2005); Dasgupta
(2008); Gollier (2012); Arrow et al. (2013, 2014); Gollier
and Hammitt (2014); Cropper et al. (2014); Groom and
Hepburn (2017); Greaves (2017); and van der Ploeg (2020).

2Although our presentation will cover a broad set of
issues, we do not aim to provide comprehensive coverage
of the literature. We selectively discuss individual papers
when they have important lessons for our methodological
concerns or for aspects of the discounting debate that we
wish to highlight. Some fine contributions will not be men-
tioned, and in some cases well-known work is excluded as
it does not have a firm grounding in any of the approaches
we discuss.
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We close our discussion of this approach with
an elaboration of the consequences of market
imperfections. We discuss the implications
of market incompleteness, and also point out
that in the presence of market failures com-
petitive prices do not contain the information
needed to determine social discount rates at
the social optimum, that is, after inefficiencies
have been corrected by non-marginal policy
instruments.

We then provide a detailed treatment of
the dominant normative paradigm for set-
ting discount rates, an approach based on
computing intertemporal marginal rates of
substitution for an idealized planner with
exponential discounted utility (EDU) time
preferences. We describe the mechanics
of this approach, the strong constraints on
social preferences implicit in the choice of
the EDU form for the planner’s objective
function, and the debates surrounding how
the normative parameters of that welfare
function should be chosen.

Our final substantive section presents
recent developments in intertemporal social
choice and their potential applications to
resolving disagreements about normative
parameters that strongly influence SDRs.
We show that although there are several
promising approaches in the literature, many
of them have an important recommendation
in common: long-run risk-free discount rates

should be very low.

2. What Can We Learn from the Markets?

We begin with a brief treatment of the
problem of public investment appraisal in
complete, competitive markets, a useful
point of departure for three reasons. First,
much of the formalism developed in the
case of perfect markets can be applied to the
more realistic case of imperfect markets with
appropriate modifications. Second, a care-
ful treatment of perfect markets will make
it clear what conditions must be satisfied in
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order for this framework to deliver us appro-
priate values for social discount rates. Finally,
even if we take the assumptions underlying
the perfect markets model as read, there
are a number of important deficiencies in
the way it is often implemented in practical
applications. Our treatment of this case thus
highlights inconsistencies in the practice
of social discounting by governments that
adhere to a market-based approach.

2.1 Project Appraisal in a Perfect Economy

Consider an exchange economy with I
consumers, indexed by i = 1,2,...,I, who
have preferences over N goods, indexed by
n = 1,2,...,N. These goods can be con-
sumed in any of T'+ 1 time periods indexed
byt = 0,1,...,T, and S states of the world
indexed by s = 1,2,...,S.] We assume that
there is no uncertainty about consump-
tion in the initial period. Consumer i’s con-
sumption bundle may thus be represented
by the N(TS+1) dimensional bundle
¢ = (C;l,0>crll,t,s)n=1 ..... Ni=1,. Ts=1.s" We
will assume that consumer i’s preferences
over consumption bundles are represented
by a differentiable and strictly quasi-concave
utility function U'(c') that satisfies Inada-
like conditions, and her initial endowment
of claims to time- and state-contingent con-
sumption is w'. The function U’(c') captures
consumer {’s tastes and beliefs.

Let p,. be the price of good n in time
period ¢t and state s, and let p be the

3For simplicity’s sake our main discussion favors a
static uncertainty interpretation of the state space, i.e.,
the state s represents a single event about which consum-
ers are uncertain at t = 0. Dealing with dynamic uncer-
tainty simply requires a redefinition of the state space. In
a dynamic framework we can think of a state of the world
as a sequence of future events that occur at times 1,...,T,
and we are uncertain about which sequence will be real-
ized right up until the end of the last period. Instead of
indexing consumption at time ¢ by the state of the world s,
we can index it by the history of events up to time ¢, so that
consumption in states of the world that share a common
history up to time ¢ is the same. The relevant state space at
time ¢ is then just the set of all possible histories of length ¢.
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N(TS + 1) dimensional vector of these
prices. At the beginning of period 0, consum-
ers trade on a complete set of state-contingent
futures markets, so that they can buy and sell
any good at any date or any state of the world
at the prices p,,;. We also make enough
additional assumptions (on preferences and
endowments) to ensure that a competitive
equilibrium of the economy exists, and may
be characterized by first-order conditions.

We assume that consumers maximize their
utility given their budget constraint:

i B

mzl;lei(ci) subjectto p-c¢’ = p-w'’

The first-order conditions for this optimiza-
tion problem imply that

8Ui<c*i)
(l) a(i;n,t,; _ pfl,,t:&,,
oU (c ) pn t's
8611 s
where ¢* is the equilibrium consumption

bundle of consumer i, determined by (1)
and the market clearing conditions.| In a
complete, competitive market, price ratios
capture all consumers’ marginal rates of sub-
stitution between time and state-contingent
goods in equilibrium.

To see the implications of this result, let
us simplify to the case where there is only
one consumption good in the economy (i.e.,
N = 1). We can thus suppress the index n,
and we can also choose (certain) consump-
tion at ¢ = 0 as the numeraire in this econ-
omy. Then from (1) we have

an(c*i)
Jey g Pt.s
2 = D
@) BUi(c*i) 1
800

4We again adopt the convention that when ¢t = 0 the s
index is redundant.

5The product in this expression is the standard vector
dot product, applied across goodq time, and states.

6These are given by Y iy, = Y Wi,
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It will be helpful for what follows to pro-
vide an interpretation of this result. Suppose
that consumer i with initial consumption
bundle ¢ has the opportunity to sacrifice a
small amount 7, of current consumption
in exchange for a bundle of marginal pay-
offs (m,);—1. 751, s Should she do so?
Denoting the vector of net payoffs by 7, this
trade is advantageous if and only if

(3) Ulc+ =) — Ulle) > 0 &
8Ui(c)
e, .
—To + J—21 > 0,
o le” o0 )
800

where we have Taylor expanded to first order,
neglecting higher-order terms due to the

marginality of payoffs. Thus we see that the
(e )/30“>

U (c)/dc,
tells us the present value of the payoff m, ; for
consumer i at the consumption vector ¢. This
fact motivates us to define a set of consump-
tion discount rates pj(c) for consumer i as
follows:

marginal rate of substitution <

(4) [+ pi(e) " = [

In what follows we will also often talk about
the risk-free consumption discount rate
pi(c), that is, consumer i’s discount rate on a
sure transfer of current consumption to time
t (i.e., m = m forall states s):

I
-
&

5) [+ pile)]

Risk-free discount rates are related to
state-contingent discount rates through:

Z[l‘i‘Pm ]

[1+ pi(c ]
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Using the definition (4), consumer is
cost-benefit rule becomes:

T S
(6) —my+ 21 217% [1 + pﬁs(c)] "o
t=1 s=
The finding that all consumers’ marginal
rates of substitution at their equilibrium allo-
cations are equal to competitive state prices
can thus be restated in terms of their con-
sumption discount rates:

o 1M
(7) Vi, p;,s(c*l) = (m) -1 = pi*,s

Consumption discount rates capture con-
sumers’ private relative valuations of mar-
ginal consumption changes that occur at
different times and in different states of the
world. Nevertheless, if consumers are price
takers all individuals’ marginal valuations
are equal. This identification between sta-
tistics of consumers’ preferences (consump-
tion discount rates) and observable features
of the world (competitive state prices) is at
the heart of the approach to social discount-
ing based on markets. Since all individuals’
consumption discount rates are equal at
the competitive equilibrium, we can drop
the i index and simply talk about the con-
sumption discount rate, which we denote
by p/,. The asterisk on these quantities indi-
cates that they are equal to individuals™ con-
sumption discount rates evaluated at their
equilibrium allocations; for the sake of nota-
tional simplicity we sometimes drop this in
what follows.

The results developed above in our model
of an exchange economy apply equally well
in a productive economy. Consumers face
similar optimization problems in a model
with production,’ and state prices will again
reflect all consumers’ marginal rates of
substitution. Modeling production explicitly

7Consumers” budget constraints must be modified to
account for rents from inputs and shares in firms” profits,
but are otherwise identical.
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does, however, provide an additional rela-
tionship between competitive prices and
economic fundamentals that has proven
influential in the practice of social discount-
ing: in a competitive productive economy
state prices also reflect aggregate marginal
rates of transformation, that is, private
returns on investment. In our model with a
single consumption good, this relationship
can be stated as follows. If Y is a vector of
aggregate net outputs in the economy, and
T(Y) the aggregate transformation function,
profit maximization implies that
or

0C,
( 8 ) pt)s = 6T >

aCy |y

where C, is aggregate consumption in state
t,s. As the marginal rate of transformation
captures the technological rate of exchange
between initial investments (i.e., reductions
in C;y) and future consumption, we can think
of it as defining a private rate of return on
investment 7, ; in state ¢,s:

or
A\t . 0C _ 1
(1+rt,s) = ar = Pus
0C |y

Of course, in a competitive equilibrium pri-
vate rates of return are equal to consumption
discount rates:

1/t
?‘i,s = pt*,s = <7%) - L

Suppose now that the economy is at a
competitive equilibrium, and a government
wishes to evaluate a marginal public project
that yields 7} units of net consumption to
individual i at time ¢ in state s. Since initial

8The aggregate production set is given by T(Y) < 0. If
there are no externalities and individual firms have convex
production sets, a convex aggregate production set exists,
and we can also work with an aggregate transformation
function for the economy as a whole, rather than modeling
each firms production decisions individually (see e.g.,
Varian 1992, p. 339).
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consumption ¢, is the numeraire, consumer
i’s marginal utility of income is given by
A = 9U!(c*)/dcy > 0. Since the proj-
ect is marginal, consumer i’s compensating
and equivalent variations for the project are
equal’ and given by

. T S
(9 Al=dU_ 3y S

dey
T S
= Z Z (1 + P:s) t7rts
t=1 s=1
T S
= Z Zpt,sﬂ-;‘s
t=1 s=1

The project constitutes a Pareto improve-
ment relative to the initial market equilib-
rium if and only if

TS
Vi’ Ai = Z Zpi,sﬂ-;,s 2 0>

t=1s=1
with the inequality being strict for at least
one i. This is not a very practicable criterion
for project evaluation, as almost all projects
will fail to be Pareto improvements. There
are two standard ways to proceed beyond
this criterion. The first is to introduce a dif-
ferentiable social welfare function

W = WU (). 12(e3). ... U (e)

that captures society’s normative preferences
over distributions of utility across individu-
als. This construction invariably requires us
to make interpersonal utility comparisons
across individuals. Let

booutue)

w

U(e*)

9Marginality here should be taken to mean that the
project does not affect prices. If prices and incomes change
as a result of the project, there is no guarantee that a pos-
itive sum of compensating variations across individuals
implies the existence of a potential Pareto improvement
(Blackorby and Donaldson 1990).
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be the social marginal welfare weight on
individual i at the equilibrium allocation.
The project improves social welfare if and
only if

(10) dW

1 I
ZwldUl - Zwi )\lAl
i=1 i=1

T S 1
Z Zpt,s <Zwi)‘i7r§,s> > 0.
=1 s=1 i=1

As this expression shows, project pay-
offs across heterogeneous individuals are
weighted by their contribution to social
welfare, computed as the product of the
marginal utility of income \; and the social
marginal welfare weight w;. A’ captures the
impact of a small change in wealth on con-
sumer s utility, and w; captures the impact
of a small change in consumer i’s utility on
social welfare. These quantities capture
important information about wealth effects
and society’s attitudes to distributive justice,
respectively.

The second approach to aggregating proj-
ect consequences across individuals is to
appeal to the Kaldor—Hicks potential com-
pensation criterion. This criterion aims to
separate efficiency issues from distributional
concerns, and obviates the need for inter-
personal comparisons of utility. The Kaldor—
Hicks criterion simply requires the winners
to be able to compensate the losers, in the-
ory, that is,

I T S 1
(11) ZIAZ' — lelpt<217r,> > 0.
i= t=1s= i=

If this criterion is satisfied then there exist
hypothetical lump-sum transfers that could
make the project a Pareto improvement
(and conversely, no such transfers exist
otherwise).'! These transfers need not

10This conclusion depends critically on our marginality
assumption, i.e., that the project, and any putative ex post
transfers between agents, do not affect prices. When lump-
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actually occur, and are almost always infea-
sible in practice."

For the remainder of the paper, we largely
ignore the issues that are involved in aggre-
gating project consequences across indi-
viduals and instead focus on intertemporal
issues. Regardless of whether we follow an
approach based on a social welfare function
or the Kaldor—Hicks criterion, the inter-
temporal issues are formally similar, in that
aggregation of project payoffs across time is
performed using state-contingent discount
rates. Nevertheless, it is important to empha-
size that the assumption of perfect markets
does not remove the issues associated with
aggregation of payoffs across individuals
from consideration; they lurk in the back-
ground, as they do in any welfare analysis.

Finally, although our presentation of
these results has focused on the simple
case of a single consumption good, notice
that it is straightforward to generalize to
an arbitrary number of goods. Equilibrium
Arrow-Debreu prices for each good can
be converted into good-specific time and
state-contingent discount rates as in the
single good case. Public projects that affect
individuals’ consumption of multiple goods
are evaluated using an aggregate cost-ben-
efit rule, in which the project’s marginal
effect on the consumption of each time and
state-contingent good is discounted using
the appropriate good-specific discount rate,
and the project is implemented if and only
if the (welfare-weighted) sum of these dis-
counted marginal effects across goods, time,
and states, is positive.

sum transfers do change prices it is no longer true that a
positive sum of compensating variations is equivalent toa
Kaldor—Hicks improvement (Boadway 1974).

LLA recent literature defines new compensation tests
that rely on feasible transfers given the limited information
and instruments of a redistributive planner, and account for
the fact that redistribution is itself distortionary (Antras, de
Gortari, and Ttskhoki 2017; Tsyvinski and Werquin 2017;
Hendren 2020).
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Taking the perfect markets scenario as
read, the problem of evaluating public proj-
ects seems to be straightforward—simply
calculate the prices of Arrow—Debreu secu-
rities from the market prices of assets'? and
use them to discount project payoffs. This
recipe works regardless of how projects are
financed. We now draw an expanding circle
of criticism around this approach and the
way it has been implemented in practice.
First we discuss deficiencies of implementa-
tion, taking the assumptions of our analysis
thus far as given. Second we discuss reasons
to be skeptical of the welfare significance of
market prices, even if markets are perfect.
Finally, we interrogate the perfect markets
assumption itself.

2.9 Which Market Rates?

In the case of perfect markets, we can
use the market prices of assets to back out
the prices of Arrow—Debreu securities, and
hence the appropriate discount rates for
public cost-benefit analysis. There are two
immediate practical questions that arise
when implementing this approach: First,
what is the maturity dependence of market
interest rates? Second, how should the gov-
ernment account for risk when evaluating
public projects?

With respect to maturity dependence, the
key issue is that the prices markets place on
payoffs that occur at different future times
are almost never consistent with risk-free dis-
count rates that are independent of maturity.
Despite this, several governments that use a
market-based approach to set social discount
rates, most notably that of the United States
(OMB 2003), recommend that public proj-
ects be evaluated using constant discount

121f markets are complete, satisfy a no-arbitrage condi-
tion, and the law of one price holds, there is a unique pos-
itive matrix of state prices that rationalizes observed asset
prices with their state-contingent payoffs.
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rates."” The formula that relates risk-free
interest rates to the prices of Arrow—Debreu
securities is:

7 1 1/t
p; = — 1L
: (Zs pt,s )

For this quantity to be independent of matu-
rity we require (1/t)In(}_p,,) to be inde-
pendent of ¢. This is clearly a very strong
constraint on observed prices, and is sel-
dom, if ever, satisfied in practice. Observed
yield curves for inflation-indexed govern-
ment debt (the closest thing we have to a
risk-free asset in countries with low default
risk) are almost never flat. There is thus an
internal inconsistency in the constant rate
approach—governments defer to market
interest rates when setting social discount
rates, but the discount rates they end up pre-
scribing do not reflect the prices that actually
prevail on the market.

The second question—regarding project
risks—has been the subject of heated discus-
sion amongst economists since the 1970s. A
seminal result due to Arrow and Lind (1970)
suggested that since the payoffs from risky
government projects are distributed across
a large number of individuals, the aggregate
cost to society of bearing this risk is zero."
This seems to suggest that public cost-benefit
analysis should not concern itself with proj-
ect-specific risks, that is, all payoffs should
be discounted using risk-free discount rates.
However, the Arrow—Lind result depends
critically on the assumption that project
payoffs are uncorrelated with aggregate

I3This is still the case, despite urging for reform
from the Obama Council of Economic Advisers (2017),
and many academic commentators (e.g., Carleton and
Greenstone 2021).

14This result is a consequence of the fact that risk aver-
sion is a second-order phenomenon. The Arrow—Pratt
approximation tells us that the cost to an individual of
bearing a 1/nth share of a zero mean risk with standard
deviation ¢ is proportional to o%n> Hence the aggregate
cost of bearing this risk is proportional to n x (Uz/nz)
— Oasn — oo.
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macroeconomic risks. If, as is very likely,
such a correlation does exist, project risks
must be accounted for. This can be achieved
either by using time- and state-dependent
discount rates, or by working with expected
project payoffs, but adjusting discount rates
to reflect the fact that the project either
amplifies (positive correlation) or attenu-
ates (negative correlation) the risk society
faces. In practice the latter approach is often
implemented by using a reduced-form asset
pricing model—the consumption-based cap-
ital asset pricing model (CCAPM) being by
far the most popular choice.

To understand this approach, assume for
the moment that a representative agent
for the economy exists—we will return to
this strong assumption below, but for the
moment ask the reader to suspend disbelief.
The CCAPM models project payoffs and
the representative agents consumption at
maturity ¢ using the random variables B, and
C, respectively. Assume moreoever that In B,
and In C, are jointly normally distributed. If
the representative agent has a constant elas-
ticity of marginal utility 7, it can be shown
that the appropriate certainty equivalent
discount rate for expected payoffs E[B,| at
maturity £ is:

(12) pe = pl+Bmod,

where pf is the risk-free rate at maturity ¢,
o7 is the variance of consumption growth at
maturity ¢, and

3, = #cov(ln(Bt/Bt,l),ln(Ci/Ct,l)).
t
The coefficient f3, is project and maturity spe-
cific and captures the correlation between
growth in the project’s payoffs and aggregate
consumption growth. If the project is growth

15The CCAPM is widely used in the academic litera-
ture on social discounting, despite its well known empirical
shortcomings (Fama and French, 2004).
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enhancing in low-growth states of the world,
it provides desirable insurance against aggre-
gate risk and [, is negative. Conversely, 3, is
positive if the project’s returns are highest
in high-growth states of the world. To our
knowledge, only one country has trialed the
use of project-specific social discount rates
based on the CCAPM—FTance (see Gollier,
Baumstark, and Fery 2011; Quinet 2013).'
The importance of accounting for both
maturity dependence and project-specific
risk adjustments in social discounting is illus-
trated in a recent set of empirical papers
(Giglio, Maggiori, and Stroebel 2015; Giglio
et al. 2021). The authors exploit an idiosyn-
cratic feature of the real estate markets in the
United Kingdom and Singapore—property
can be bought as either “freehold” (an indef-
inite ownership right) or “leasehold” (a lease
agreement, at the end of which ownership
reverts to the freeholder) in these markets.
The price differential between a freehold
property and a 100-year lease on an other-
wise identical property contains information
about how the market values cash flows at
100 years and beyond. Using a database on
the universe of property transactions in these
markets, the authors are able to infer bounds
on implied discount rates for this asset
class. Remarkably, because leasehold con-
tracts are often very long (extending to 999
years in some cases), these data can be used
to constrain implicit discount rates at time
horizons far exceeding those for other asset
classes. While Giglio, Maggiori, and Stroebel

16The US government uses constant discount rates of
3 percent/year and 7 percent/year for cost-benefit analysis.
Three percent/year is supposed to reflect the average rate
of return on risk-free government debt, while 7 percent/
year is supposed to represent the average return to risky
capital (i.e., equities). Although this approach pays lip ser-
vice to the risk adjustments we discuss in this section, it is
a long way from the project-specific risk premia that basic
asset pricing theory requires. Gollier (2022) presents a
model that uses French estimates of betas in different sec-
tors to suggest that the welfare consequence of neglecting
project-specific betas could be large.
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(2015) focus on obtaining an upper bound
on the long-run risk-free rate (their estimate
is 2.6 percent/yr), Giglio et al.(2021) investi-
gate the term structure of discount rates and
how the market adjusts for the riskiness of
real estate. They observe that since the aver-
age rate of return for real estate is 6 percent/
year, but the long-run (i.e., > 100 year) rate
is only 2.6 percent/year, the term structure
of discount rates for this asset class cannot
be flat, and must be downward sloping for at
least some maturities. This suggests that using
a constant discount rate calibrated to the
average rate of return of 6 percent/year could
substantially undervalue investments that pay
off most in the long run, for example, climate
change mitigation measures, which should be
discounted at much lower rates. Since climate
abatement investments do not have the same
risk profile as real estate, Giglio et al. (2021)
also construct a model of climate change as a
rare disaster. In their baseline estimates dis-
count rates on climate mitigation investments
are low (i.e., always below the risk-free rate)
but, unlike real estate, have an increasing
term structure. These results highlight the
importance of having a procedure for setting
discount rates that is consistent with basic
principles from asset pricing. Even if we take
the perfect markets assumption as given, and
attempt to read off social discount rates from
market prices, the implied discount rates
should reflect the risk profile of the invest-
ment in question, as well as the market’s valu-
ation of payoffs that occur at different points
in time.

2.3 Critiques of the Welfare Significance of
Prices in Perfect Markets

The previous discussion highlights areas
where the practice of social discounting
diverges from what we know about the
implications of market prices for discount
rates from economic theory, assuming
market perfection. These issues are oper-
ationally important, but ultimately do not
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require a major shift in our thinking about
the relevance of market prices for pub-
lic project evaluation. They are technical
complaints about how prices are currently
used by those governments that follow a
market-based approach to setting social dis-
count rates, but the remedies are conceptu-
ally straightforward.

In this subsection we take a more critical
look at this procedure. We suggest that even
in the optimistic case of perfect markets,
there are still reasons to be skeptical about
the welfare significance of market prices
for public project evaluation. We focus on
three arguments: the limitations of revealed
preference as a welfare indicator in dynamic
contexts, intergenerational issues, and the
implications of belief heterogeneity for wel-
fare measurement.

2.3.1 Limitations of Revealed Preference in
Dynamic Contexts

The central argument for using market
prices to set social discount rates in a per-
fect market setting is that equilibrium price
ratios capture individuals’ marginal rates of
substitution across times and states of the
world, as demonstrated in (1). An implicit
assumption in this approach is that these
marginal rates of substitution capture the
effects we care about for the purposes of
social decision-making. There is however a
profound critique of this reasoning due to
Caplin and Leahy (2004) (CL). CL make
the deep observation that in the context of
dynamic choice, observed preferences (as
encoded in market prices) are only partial
indicators of welfare: “preferences revealed
in the market do not adequately represent
tastes.” At its core, their insight is that pref-
erences over future consumption streams
do not fully capture information about
agents’ attitudes to past consumption.

CLs argument is easiest to illustrate in
a two-period model, with time indexed by
t € {1,2}. Following Strotz (1955), who

1047

highlighted “the possibility that a person is
not indifferent to his consumption history
but enjoys his memory of it,” CL consider
an agent who may derive utility from past as
well as future consumption. Let U’ denote
the agent’s utility from the consumption
stream (cy,¢y) at time ¢, and assume that:

(13)  UYepea) = uyey) + A(1us(cs),
U(cp,c0) = A(—1)uy(c)) + us(cy).

The preferences in (13) are trivially time
consistent,'” but depend on the history
of consumption. From the perspective of
describing choice over future consump-
tion streams, the term in red is irrelevant,
and can be neglected. This term represents
the agent’s preferences over past consump-
tion in period 2, but since the past is fixed,
it has no influence on choices in period
2. However, this does not imply that this
term is irrelevant for welfare computations.
Indeed, the presence of this term destroys
the correspondence between choice and
welfare that exists in static applications of
revealed preference. To see this consider
the Fisher diagram in The agent’s
equilibrium consumption allocation occurs
where the indifference curve associated with
U'(cy,¢5), denoted ICy, is tangent to the pro-
duction possibilities frontier. However, this
equilibrium is not optimal with respect to
the agent’s preferences at t = 2; at ¢t = 2
she would like to implement the allocation
at point Q. The t = 2 agent’s choices are,
however, constrained by the fact that ¢, has
already been chosen — it is in the past, and
therefore immutable. The constrained opti-
mal choice of ¢, for the agent at t = 2 is
the same as the optimal choice for the agent
at ¢ = 1, but the resulting consumption
stream is suboptimal from the perspective of

17See section 3.3 for a detailed definition of time
consistency.
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Private equilibrium

€

Figure 1. Ilustration of the Insights in Caplin and Leahy (2004)

Notes: The solid blue curve denotes the production possibilities frontier. IC; denotes the agent’s maximal
indifference curve at ¢ = 1, while IC; denotes her maximal indifference curve att = 2. Consumption allo-
cations on IC, are not attainable, as period 1 consumption is fixed in period 2.

t = 2. Note that time inconsistency plays no
role whatsoever in this argument—the agent
is perfectly time consistent. The conflict
between welfare measures at different times
is an inescapable consequence of concern
for past consumption, and the fact that time
flows in only one direction.

What can be concluded from this observa-
tion? CL explain that:

“[Wlhile neglecting period 2 preferences
makes sense from the viewpoint of private
decision-making, social policy is quite a dif-
ferent matter. The fact that only period 1 and
not period 2 preferences over consumption
streams can be put into effect should not be
confused with a policy doctrine. The asym-
metry in intertemporal control rights should
no more determine policy in this case than
it would were we dealing with two distinct
individuals.”
How then should the agent’s welfare be
defined in this case? One natural proce-

dure is to explore the set of Pareto-optimal

allocations across the agent’s preferences at
all times. In the example above this corre-
sponds to finding feasible allocations that
maximize V= w;UY(cy,¢s) + wy U¥cy 0o
), where wy,wy, > 0. The observed private
equilibrium is clearly Pareto efficient, but
corresponds to the case wy = 0. Using a
more general model, CL find plausible con-
ditions under which observed intertempo-
ral equilibria are the most impatient Pareto
optima. Their argument thus provides an
entirely non-paternalistic reason for a social
planner to adopt an intertemporal welfare
function that does not replicate observed
market prices, even if markets are perfect.
Moreover, such a planner will often be more
patient than the market.

CLs argument is powerful because it
applies even to the bread-and-butter variety
consumer preferences that economists find
congenial in many applications. For exam-
ple, (two period) discounted utilitarian
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preferences are indistinguishable from the
preferences in (13) from a revealed prefer-
ence perspective, and thus the concerns they
raise are relevant whenever this model is
used. While CLs critique relies on a back-
ward-looking aspect of preferences, this is
not required for the general set of concerns
they identify to be relevant. Indeed, their
argument parallels issues that arise in think-
ing about the appropriate welfare measure
for exclusively forward-looking agents who
suffer from time inconsistency problems.
There too we have an asymmetry in “inter-
temporal control rights”; it is not at all clear
that welfare should be identified with the
preferences of the “current self,” when those
preferences conflict with those of “future
selves.” We will have a lot more to say about
time (in)consistency issues below, but simply
note here that there is abundant evidence
that consumers exhibit this kind of behav-
ior."§ This is another independent reason to
be skeptical of a straightforward identifica-
tion between observed prices and the wel-
fare measures that are relevant for setting
social discount rates.

2.3.2 Intergenerational Issues

An arguably even more serious concern
with the identification of social discount
rates with consumer prices is that these
prices will only reflect the preferences of
currently living consumers. In our discussion
of the CL critique, we saw that even if agents
are time consistent, current preferences may
not reflect the preferences of past or future
selves, and thus social welfare may be under-
determined by preferences. This “missing
preferences” critique becomes even more
salient in the context of intergenerational

18See, e.g., Benartzi and Thaler (2007) and Skinner
(2007) for a discussion of evidence of time inconsistency in
the context of retirement savings. Cohen et al. (2020) pro-
vide an up to date review of recent empirical approaches to
estimating time preferences.
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decision-making, since those who are
most affected by payoffs that occur in, say,
100 years are not yet born. Clearly, these con-
siderations are of primary importance when
choosing long-run social discount rates.

To illustrate this point it is helpful to
consider a simple model of intergenera-
tional altruism, versions of which have been
studied by Bernheim (1989) and Farhi and
Werning (2007). Suppose that a generation
of identical individuals is born at time ¢. Each
individual lives for a single period, and each
has a single child with identical preferences.
All individuals at time ¢ care about their own
consumption ¢; and the well-being of their
children V,, in such a way that the prefer-
ences of generation ¢ can be represented by:

(14) V, = Ule,) + BViyy = Z()ﬁTU(Ct+T>>

forsome 8 € (0,1). The agents in this model
are “purely altruistic” with respect to their
children: they care about what their children
care about (i.e., V,), and not just about their
children’s “individualistic” well-being (i.e.,
U(csy1)). Tt is clear that the preferences of
successive generations are time consistent
in this case, suggesting that any consumer
prices that capture current individuals’ mar-
ginal rates of substitution between consump-
tion in different time periods will also capture
future generations’ relative valuations.

So much for each generation’s prefer-
ences, but how should a social planner eval-
uate welfare? One possibility is that the
planner at time ¢ should only account for the
preferences of the current generation, since
that generation’s preferences already reflect
direct concern for the next generation and
indirect concern for all generations after that
via the preferences of their children. But that
is a rather extreme possibility—it implies
that only the current generation’s prefer-
ences are salient for social welfare computa-
tions. A more general approach would be for
the planner to give the preferences of each
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generation direct weight in her welfare mea-
sure. As in the CL model, the Pareto frontier
in such a framework can be captured by max-
imizing welfare functions of the form

15) W, = 2 a:Vir = 2 :Ulersr)

for some weights o, > 0, where

(Ee)

If oy = 1,a, = 0 forall 7 > 1, then only
currently living consumers” preferences are
relevant for welfare analysis. But the expres-
sion (15) makes it plain that this choice cor-
responds to a highly inequitable point on
the Pareto frontier, a kind of “tyranny of
the present.” It seems questionable to iden-
tify welfare with the preferences of a single
group of agents who happen to have had the
good fortune to be born in the present. At
the least, we should give each generation’s
preferences some nonnegative weight in
social welfare. When we do this, social pref-
erences and current consumers’ preferences
will differ. Indeed we can say more: social
preferences will be more patient than con-
sumers’ preferences, since

(16) Vr

Yrrl Qril
Vo =Bt > B
whenever o, > 0 for all 7.

Notice that this argument proceeded in
an environment that was very advantageous
to the welfare significance of consumer
preferences. As the preferences of succes-
sive generations are time consistent in this
model, it seems natural a priori to identify
discount rates with prices. Yet, as in our dis-
cussion of the CL critique, a deeper look
at the implications of this intuitive proce-
dure calls it into question. The CL critique
and the intergenerational issues discussed
here are temporal mirror images of one
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another—CL operates backward in time
from the perspective of individual con-
sumers, while this model operates forward
in time from the perspective of altruistic
generations. Both apply even if markets
are perfect. Thus, even in these optimistic
cases, current consumers’ preferences are
arguably a poor guide to social welfare com-
putations in general.

2.3.3 Belief Heterogeneity

A third issue concerns the welfare signif-
icance of market prices when agents have
heterogeneous, and possibly erroneous,
beliefs. Traditionally economists tend to
distance themselves from strong normative
pronouncements on the legitimacy of indi-
viduals” preferences. Where possible we
defer to the Pareto criterion, which is often
seen as a value-free rationality criterion for
social comparisons. The Pareto criterion is
fundamentally non-paternalistic—it is an
incomplete ordering on sets of individual
preferences, and all individuals are free to
determine their preferences in any manner
they please. In a world with uncertainty, indi-
viduals” preferences depend on their tastes
and their beliefs. The Pareto criterion allows
individuals complete sovereignty over both
these components. Even if someone believes
that the Earth is flat, this belief is a perfectly
legitimate input to preferences, and hence
also relevant for social comparisons.

But Earth is not flat. There is a material
difference between a planner who imposes
her tastes on individuals and a planner who
respects individuals™ tastes, but makes social
comparisons using the best available informa-
tion about the world, even if that information
conflicts with some citizens’ beliefs. In the
former case there is a clear violation of indi-
vidual sovereignty, but can we say the same
of the latter? Perhaps the planner is simply
better informed than some citizens, or less
prone to the many biases in judgment under
uncertainty that have been documented by
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psychologists?™ If the notion of objective
truth has any currency, it seems perverse for
welfare criteria to account for beliefs that
are known to be incorrect or irrational, or to
admit plural beliefs that are in direct conflict
with one another.”

A recent literature has begun to grap-
ple with the difficulties of making welfare
comparisons when beliefs are heteroge-
neous, or erroneous. Gilboa, Samuelson,
and Schmeidler (2014) define a refinement
of Pareto dominance called “No-betting-
Pareto.” This criterion recognizes that trade
between individuals with heterogeneous
beliefs can still be desirable (their tastes may
differ too, after all), but excludes trades that
are Pareto improving solely because of belief
heterogeneity when making social compar-
isons. Brunnermeier, Simsek, and Xiong
(2014) introduce the alternative notion of
“belief-neutral” Pareto efficiency. The moti-
vating thought behind their definition is that
welfare should be computed with respect to
the “true” objective probabilities of events,
but it is often difficult for planners to identify
those probabilities. The authors thus look for
a definition of efficiency that is robust for all
“reasonable” beliefs, taken to be the set of
convex combinations of all agents’ beliefs.
These two definitions occupy somewhat dif-
ferent philosophical territory, and lead to
different characterizations of efficiency. The
important point for our purposes is that both
criteria do not take agents’ beliefs as given

190ur argument here is not in conflict with the well-
known arguments for the informational virtues of markets
(Hayek 1945). It is possible to recognize the market’s abil-
ity to aggregate dispersed local information about tastes
while simultaneously acknowledging that market partici-
pants’ beliefs are not always rational.

20Mongin (2016) observes that there are many ways
for a group of people to reach agreement on the ranking
of social states, despite disagreements about facts and val-
ues. Even if everyone agrees that one policy is superior to
another, their reasons for believing this may differ. Ranking
social states with the Pareto principle may thus give rise to
“spurious unanimity.”
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when making social comparisons. Each of
them is more demanding than the standard
notion of Pareto efficiency, and in each case
social states are compared from the perspec-
tive of a coherent, noncontradictory set of
beliefs. This literature has natural implications
for public cost-benefit analysis, even though
we generally cannot rely on the Pareto prin-
ciple or its modifications in this domain. The
essential message is that since market prices
reflect the distribution of consumers tastes
and beliefs, there is no reason to expect them
to encode the information that is needed for
welfare analysis if there is substantial belief
heterogeneity in the population.™

As an empirical matter, the prevalence of
heterogenous, or possibly erroneous, beliefs
can hardly be contested (see Brunnermeier,
Simsek, and Xiong 2014 for a summary of the
literature). In the case of climate change, for
example, Severen, Cotello, and Deschénes
(2018) have wused hedonic methods to
demonstrate that the value of agricultural
land depends on forecasts of future climate
change, and that this dependence is stronger
in counties where larger proportions of the
population believe that “global warming is
happening.” In those counties where belief
in climate change is very weak, the value of
land is likely insufficiently sensitive to pro-
jections of the effects of climate change.
Bakkensen and Barrage (2022) document
similar heterogeneity in beliefs about coastal
flooding risks, and show that this can explain
the variation in the capitalization of climate
change risks into coastal housing markets.
While these are limited examples, the lesson
applies to asset prices more generally.

21 Belief heterogeneity that stems purely from differing
priors is less problematic than heterogeneity that stems
from differing information sets, or idiosyncratic irrational
belief updating. In reality, however, it can hardly be con-
tested that heterogeneity stems from all these channels.
Indeed agents’ priors can strongly reinforce biases in belief
updating, e.g., via confirmation bias. See, e.g., Millner and
Ollivier (2016) for further discussion.
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2.3.4 Implications for Cost-Benefit Analysis

If we accept the arguments in the previous
three subsections, it follows that the mar-
ginal rates of substitution that are captured
by competitive market prices do not neces-
sarily contain all the information required
to assess the welfare consequences of pub-
lic investments, even if markets are perfect.
Nevertheless, when markets are perfect, the
planner can still use them to frictionlessly
redistribute consumption across time and
states of the world, and prices still reflect
opportunity costs in the planners budget
constraints. Does this imply that it is prices,
not welfare-relevant marginal rates of substi-
tution, that are important, regardless of the
concerns raised in the discussion above?

To address this question, consider a plan-
ner with arbitrary preferences over aggre-
gate consumption bundles represented by
U(c).” The planner’s preferences may be
assumed to account for issues relating to
the CL critique, intergenerational concerns,
and to represent beliefs about future states
of the world based on the best available
evidence. Suppose that the current state of
the economy is ¢, and the planner seeks to
evaluate a marginal project that yields pay-
offs ® = (m,5),—0..7s—1. s Since markets
are complete, the planner can in principle
achieve any desired redistribution of the
project payoffs across time and states by
borrowing and lending on the market. Under
this view, the value she would obtain from
the project is

(17) V(‘rr) = mNaXU(co + ‘Fr)

T S r S
subject to Z Zpt,sﬁt,s < Z Zpt,sﬂt,s-

t=0 s=1 t=0 s=1

22We focus here on preferences over aggregate (or per
capita) consumption, and thus again abstract from intra-
temporal distributive issues. It is straightforward to extend
our discussion to include these concerns in the planners’
objective function.
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The envelope theorem now immediately

yields

oV
o

= A pt,S)

where A > 0 is the Lagrange multiplier on
the budget constraint (which is always bind-
ing), and hence for marginal projects 7

V(w) > V(0) & Y pm, > 0.
t,s

When markets are perfect a project seems
to improve the planner’s welfare measure
if and only if it improves her market budget
position. So does this mean that the concerns
about the welfare significance of prices we
laid out above are irrelevant?

In general the answer is no; the redistribu-
tion of consumption the planner undertakes
in (17) will generally be highly non-mar-
ginal, thus violating the implicit assumption
that prices are independent of the planner’s
actions. Indeed, the problem in (17) is equiv-
alent to determining the optimal consump-
tion bundle ¢, subject to the constraint that
the market value of ¢ is equal to the market
value of ¢y + 7; the planner is assumed to
be able to redistribute the economy’s entire
aggregate consumption bundle ¢, at constant
prices!

A correct account of the effects of
non-marginal redistributive actions would
require a full general equilibrium model of
the economy, but that is beyond the scope
of our discussion here. Nevertheless, it is of
interest to ask how the planner’s ability to
use the markets to pursue social objectives
might affect project evaluation at the mar-
gin, given the current (nonoptimal) market
equilibrium. One approach to this question
is to study a problem where the planner
may use the markets to redistribute a mar-
ginal project’s payoffs, but the redistributed
payoffs are themselves constrained to be
marginal. In this setting it is reasonable to
assume that prices are unaffected by the
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planner’s actions as before. A useful formu-
lation of this problem is as follows:

(18) V. = maxzac

;s subject to
)

i) tZSPt,s s < ;pw T g
1
(i) 2; tzacts(’?ct -

7i-t S 77-1 s’
o

Tps T s

-3
2% t's' acfsact s

Co

The objective function in this problem is the
marginal effect of the redistributed project
payoffs . The inequality in (i) is the budget
constraint, and (ii) is a marginality constraint
on the redistributed payoffs. This latter con-
straint says that the second-order effects
of the redistributed project payoffs on the
planner’s welfare measure cannot exceed
the second-order effects of the original pay-
offs (which we were happy to neglect).”
Applying the envelope theorem to this prob-
lem yields
oV

_ -~ 9*U
Oy = Apis

t's' aCt‘ s 861".5" [

Tr[ "5

where A > 0 is the Kuhn-Tucker multiplier
on the budget constraint and ¢ > 0 is the
multiplier on the marginality constraint. A
little reflection shows that provided the mar-
ket value of the project is small, both con-
straints are binding (i.e., A > 0,u > 0),
and the associated cost-benefit rule becomes

(19) V(w) = V(0) > 0 &

;pt,s Tps — Z Z

Trt'ﬂ't"
NS s c‘)ct,ﬁctg SUES

Co

> 0.

23 By assumption the matrix of second derivatives with
9’

[

so the sums in (18) are nonnegative.

elements Hy, ) ) = is negative semi-definite,
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The first term in this expression is again the
market value of the project, and the new sec-
ond term, which is nonnegative, reflects the
value of a small relaxation of the marginality
constraint. The expression in (19) makes it
clear that positive market value is sufficient,
but not necessary, for a project to pass the
cost-benefit test. In general both prices and
the planner’s preferences may be important,
even if markets are perfect. We will return to
a detailed discussion of the issues involved in
specifying planner preferences in section 3.

2.4 Market Imperfections and Their
Implications

Until now our discussion of the relation-
ship between prices and SDRs has rested
on generous market perfection assumptions.
Yet in the real world markets are not perfect.
The list of standard critiques of the perfect
market paradigm is long and well known;
it includes information asymmetries, mar-
ket power, incompleteness, externalities,
and non-convexities. What are the conse-
quences of these market failures for social
discounting?

At first sight it may seem that market
imperfections pose no special difficulties
for the relationship between prices and
consumption discount rates that we laid out
in section 2.1. Setting concerns about the
welfare significance of current consumers’
preferences aside, all that was required to
identify marginal rates of substitution with
(ratios of) state prices in that analysis was
that consumers choose optimal consump-
tion bundles taking prices as given. This
assumption may hold even in imperfect
economies. Market equilibria in these cases
will generically not be efficient, but at the
inefficient equilibrium marginal values still
coincide with consumer prices. Can we thus
conclude that observed prices still contain
all the information that is necessary for set-
ting social discount rates, even in imper-
fect economies? We discuss two issues
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that suggest that things are unlikely to be
so simple: missing prices and the informa-
tional requirements of non-marginal policy
instruments.

2.4.1 Missing Prices

A critical assumption of our analysis in sec-
tion 2.1 was that markets are complete, that
is, a market for each time- and state-contin-
gent Arrow—Debreu security exists. This is
an extremely demanding assumption. With
N goods, S states of the world, and T + 1
time periods (with no uncertainty att = 0),
completeness requires N(T'S + 1) markets to
operate at time ¢t = 0, when trading occurs.
However, the Arrow—Debreu model we dis-
cussed can be reformulated as a model of
sequential trading of goods on spot markets,
with a single Arrow security that enables
wealth transfers across times and states
traded at t = 0 (assuming that agents have
rational expectations about future prices). In
this reformulation the number of markets
that need to operate is only TS + 1+ N.
Even in this parsimonious reformulation,
however, moderately large values of T and S
lead to a very large number of markets.*

As Geanakoplos (1990) has observed,
“For a quarter of a century, scores of econ-
omists have complained about the absurdity
of allowing all agents...to meet together at
one moment in time, and to trade assets that
allow for every conceivable contingency,
for all future time.” His survey of the litera-
ture points out that there are many reasons
why market incompleteness is inevitable.
Asymmetric information may mean that the
occurrence of a state is not visible to both
parties to a potential transaction, so that the
transaction cannot occur. Many interested

24This is especially true if we interpret the state space as
representing dynamic uncertainty, i.e., uncertainty about
which sequence of events will unfold in the future. In that
interpretation (discussed in footnote 4), the relevant state
space grows exponentially with the number of time periods
in the model, and quickly becomes astronomically large.
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traders may not have access to the mar-
kets, either because they are not yet born,
because they are not well-informed about
market opportunities, or because they do not
have access to liquidity. Finally, if the market
is thin, the transaction costs of establishing
and maintaining a market may be too great
for the operation to be profitable (recall that
most major markets are run by for-profit
corporations).

These observations imply that when mar-
kets are incomplete there are no prices for
states that are not spanned by the available
assets in the economy. By definition, the mar-
ket has nothing to say about how payoffs that
occur in those states should be discounted.
For example, as the longest maturity govern-
ment bonds are typically 30 years, there is
arguably no way of pricing risk-free payoffs
at greater maturities.”] Our discussion of the
empirical estimation of discount rates from
certain real estate markets shows that it may
be possible to get some bounds on long-run
rates, but these estimates are necessarily lim-
ited by the fact that real estate is a risky asset
with a particular risk profile. What is needed
is a set of assets that spans the payoff space,
and that is almost certainly beyond practical
reach.

2.4.2 Prices, Preferences, and Non-marginal
Policy Instruments

As we noted at the beginning of this sec-
tion, the presence of market failures does
not necessarily imply that prices are devoid
of welfare content. As long as consumers
optimize taking prices as given, prices cap-
ture their marginal rates of substitution at
the existing, inefficient market equilibrium,
and are thus relevant but not necessarily
decisive inputs for the cost-benefit analysis

25Indeed, even if there were a liquid market in
much longer maturity bonds, their prices would reflect
non-negligible default risks in even the most stable
countries.
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of marginal projects. And yet this argument
may leave some readers uneasy: what is the
welfare significance of observed prices if they
do not decentralize efficient allocations? Put
another way, perhaps observed prices are
simply “wrong”?

If the market equilibrium is inefficient, a
social planner will clearly want to intervene
to correct the inefficiency using non-mar-
ginal policy instruments. These instruments
will alter prices and consumption discount
rates. The key question for our purposes is
whether all the information that is required
to choose these corrective instruments is
contained in the competitive prices that we
observe before the planner intervenes. If
it is, then the planner can in principle cor-
rect inefficiencies without asking any more
detailed questions about the appropriate
social objective. Social discount rates could
then be chosen to reflect the prices that are
observed after market failures have been
corrected. However, if ex ante prices do
not contain all the information needed to
correct market failures, the tight connec-
tion between market observables and social
discount rates at the social optimum breaks
down.

Standard microeconomic theory should
immediately make wus suspicious about
whether the state prices that we observe at
a point in time can tell us what we need to
know to choose instruments to correct mar-
ket failures. In general, determining the opti-
mal level of these instruments will require
knowledge of consumers’ preferences. Under
certain conditions™ preferences can in prin-
ciple be inferred from Walrasian demand
functions, that is, observations of demand
as a function of prices and income. But at
any fixed moment in time we only observe a

26See Mas-Colell, Whinston, and Green (1995, pp
75-78) for an elaboration of the so-called “integrability”
conditions for reconstructing preferences from demand
functions.
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single point on the demand function: demand
at the equilibrium price. This is not enough
information to reconstruct preferences,
and hence also not enough information to
determine optimal corrective instruments or
social discount rates at the optimum.

To make this point more concrete, let’s
consider a simple model of an intertem-
poral externality due to climate change.
Externalities, of course, mean that the pri-
vate and social costs of an activity differ; in
the absence of government intervention,
competitive equilibria are inefficient in this
case. For the sake of analytical convenience
we'll present a continuous time model;
our previous expressions for, for instance,
consumption discount rates can easily be
extended to this case.

Suppose that there is a continuum of
identical consumers with unit mass, and
that they have standard EDU time prefer-
ences. Production generates CO, emissions
that accumulate in the atmosphere and alter
the climate. Temperature change depends
on aggregate emissions in the economy and
affects utility directly through a damage
function. We write the planner’s problem in
this model as:

(20)  max j:ou(ct)[l - D(Ti)]eﬂ?tdt

) dk
subject to d_tt = f(k;) — ¢

- af(k),
where ¢, and k; are per capita consumption
and capital at time ¢, f(k) is a production
function, T, is the increase in global mean
temperature at time ¢ from its reference
value at t = 0, D(T,) is an increasing and
convex damage function from temperature
change, and « is the product of the emis-
sions intensity of output and the tempera-
ture change per ton of COy emissions.” A

27In more complex models emissions contribute to COy
concentrations, and temperature responds to increases in
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necessary condition for a social optimum in

this model is
He
a A)]

(21) f’(kt)[l - (—
=6+ 77(01)% + af(k,) DiT:)

1—D(T)

where n(c) = —cU"(c)/U'c), and X, and
1ty are the co-state variables associated with
the state variables k and T respectively.
The left-hand side of this equation is the
instantaneous rate of return on investment
at time ¢, adjusted for the social cost of the
emissions associated with a marginal unit of
production at ¢, that is, —af’(k;)(u/N;) >
0. The right-hand side is the rate of
change of marginal utility at time ¢, that is,
—d(—lTlog(11’<cT)(1 — D(TT))ef‘sT) _ At the
social optimum these two quantities must be
equal for all times ¢, otherwise it would be
possible to increase social welfare by chang-
ing the quantity of investment.

Now compare this with what occurs in a
competitive equilibrium. As consumers are
infinitesimal, they treat the trajectory of tem-
perature change as exogenous—they neglect
the effect of their actions on the climate and
on the welfare of others. Denoting the rental
price of capital at time ¢ by r;, consumers
solve:

(22) max j(;oou(ct)[l - D(Tt)]e*&dt,

dk
d_tt = rk, —c,
Firms™ profit maximization conditions yield
r, = f'k;), and we find that a necessary

CO; concentration with some inertia. However, this simple
model turns out to be a surprisingly good approximation to
the latest models from climate science, which show that
temperature change is an approximately linear function of
cumulative emissions.
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condition for a competitive equilibrium in
this problem is:

@) flk) = 5+nle)g
D(T,)
+ af(k,) DT
The return on investment in the competi-
tive equilibrium is the left-hand side of (23).
This differs from the socially optimal return
on investment in (21) by the external cost
of a marginal unit of investment, that is,
—af'(k;)(p/A). In both cases the return
on investment coincides with consumption
discount rates on the relevant path for the
economy, but only in the latter case are these
discount rates immediately identifiable from
market observables.

Which of the expressions (21) or (23)
should be used to set social discount rates
in this simple economy? If we are at the
inefficient competitive equilibrium, and
no instruments are available to correct the
externality, then (23) is the correct expres-
sion. Even though this equilibrium is inef-
ficient, consumption discount rates are
given by observed private rates of return
on capital at this equilibrium. All we need
to do is read off the rental price of capital
r, = f'(k;) on the equilibrium path, and
set the discount rate at maturity ¢ equal
to (1/¢) [y f(k,)d.

Now consider the case of a government
that takes action to correct the external-
ity by taxing emissions. The government
can internalize the externality by making
producers pay a tax o, = —a(w/\,) per
unit of output at time ¢. In this case the
private return on investment at time
t is (1 —oy)f'k), and we can set the
social discount rate at maturity ¢ equal to
(/)5 (1 — o) f'(k;)dT. Now here is the
punchline: the correct value of the Pigouvian
tax o;, and hence the correct value of the
consumption discount rate in the presence
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of this tax, is not revealed by market prices in
the competitive equilibrium. The Pigouvian
tax o, is the ratio of the shadow price of
temperature () to the shadow price of capital
(Ar). Crucially, shadow prices are not equal to
market prices in the presence of externalities.
The market price of temperature changes is
zero in the competitive equilibrium, but
the shadow price of temperature changes is
negative.

In order to calculate the Pigouvian tax o,
the government must know consumers’ pref-
erences, firms’ technologies, and the nature
of the externality. None of these quantities is
generically revealed by observed prices at a
point in time. Rental prices of capital in the
competitive equilibrium only reveal combi-
nations of preference parameters, endoge-
nous consumption growth rates, and climate
damages via (23). These equations cannot be
used to uniquely identify preferences, since
for each value of ¢ there is one equation but
several unknowns, including two preference
parameters (6 and n(c;)) and the (unob-
served) future value of consumption growth.
Some parameters may of course be cali-
brated by imposing parametric forms on the
free functions in the model, and this is often
what is done in practice. But this procedure
will invariably introduce errors into the cal-
culation of the Pigouvian tax; no simple
parametric forms for these functions will be
able to match all observed rates of return in
all circumstances. The tight link between
currently observed prices and consumption
discount rates that we had at the competitive
equilibrium is broken when the government
intervenes to correct the externality.”

28An objection to this point could be that we have
restricted attention to a single observation of prices and
demand, whereas a planner may have access to many
observations of demand at different prices. However,
Afriat’s theorem shows that if finite demand data are ratio-
nalizable, there are in general many well-behaved utility
functions that can explain the data. See Varian (1982) for a
discussion of bounds on specific classes of utility functions
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This point is not specific to externalities;
it applies to other market failures as well.
Consider the case of incomplete markets,
discussed in the previous subsection. The
theory of general equilibrium with incom-
plete markets shows that competitive equi-
libria are generically not constrained Pareto
efficient in this context: even the assets that
do exist in the economy are not used effi-
ciently (Geanakoplos and Polemarchakis
1986). This implies that government inter-
vention, for instance, in the form of long-
run public investments that are not available
to private investors, could lead to Pareto
improvements. But to know how to intervene
in the market, we need information that is
not revealed by prices. That information will
also be an indirect ingredient of social dis-
count rates after the intervention has been
implemented.

3. Normative Discounting

In the previous section we presented sev-
eral reasons for skepticism about whether
market prices should determine social dis-
count rates. An argument that is sometimes
made, either implicitly or explicitly, is that
markets provide the “least bad” solution to
the problem—if not via markets, how else
are we to choose discount rates? This sec-
tion deals with precisely that question; it
discusses an alternative approach to social
discounting that does not rely solely on mar-
ket data. This approach is often referred to
as the “normative approach.” By contrast,
the approach to discounting that exclusively
uses market observables (prices) is referred
to as the“positive approach.” Both terms are
highly misleading. The “positive” approach is

from demand data, and Berry and Haile (2021) for an
up-to-date review of the empirical challenges of demand
estimation. Moreover, note that the computation of
shadow prices requires full information about preferences
and production sets.



1058

in truth highly normative, as we saw in our
discussion in section 1. It requires us to make
judgements about how to aggregate project
consequences across different individuals
(either via Kaldor-Hicks or an explicit social
welfare function), and relies on a specific
interpretation of the welfare significance of
market prices. In addition, the “normative
approach” is not independent of “positive”
data, as we shall see. Rather than being “pos-
itive” or “normative,” these approaches are
distinguished by how seriously they take the
issues raised in the previous section.

3.1 Welfarism and Planner Preferences

What is to be done if we take the possibil-
ity that prices may not capture the informa-
tion needed for welfare analysis seriously?
There are essentially two approaches in the
literature. One is to maintain an evaluation
framework that aims to reflect the welfare
consequences of policy changes for diverse
agents. The problem then becomes one of
estimation and aggregation: we need to esti-
mate how policies affect individual well-be-
ing using nonmarket methods; and aggregate
heterogeneous policy effects, being careful
to acknowledge the normative choices that
are involved in that exercise. We refer to this
as a “welfarist” approach, as the data that are
relevant for policy evaluation in this case are
individual well-beings. The second approach
does not hinge on measuring individu-
als” welfare and aggregating per se. In this
approach we imagine a social planner who has
some a priori ethical preferences over alter-
native distributions of goods across time and
states that may or may not be explicitly tied
to individuals” well-beings, and place “rea-
sonable” constraints on these preferences by
imposing certain properties on them. These
constraints come in the form of axioms, in
much the same way that axioms are used to
motivate decision-theoretic models of con-
sumer behavior. In practice the line between
these two approaches is often blurred by the
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invocation of a representative agent with pref-
erences of a specified form. Such an agent’s
preferences are intended to be a welfarist
measure of diverse individuals® well-being.
However, as the form of the putative repre-
sentative agent’s preferences is often highly
specialized and implicitly motivated by axi-
omatic criteria (e.g., EDU preferences), and
the conditions for such representative agents
to exist are highly stringent (Gorman 1953),
this interpretation stretches credulity. Better
to acknowledge that in this arena economics
comes into close contact with philosophy.

A common objection to the “planner pref-
erences” approach is that it is paternalistic
— the planner imposes his or her own ethical
stance on society, irrespective of its conse-
quences for individuals’ abilities to pursue
the lives that they value.” That view is accu-
rate, if somewhat lacking in nuance. While
it is true that reduced-form models of plan-
ner preferences need not be tied to individ-
uals’ well-being, the models themselves are
silent on the data that planners may draw on
to justify values for the parameters of a par-
ticular preference representation. In prac-
tice, calibrating normative parameters may,
at least partially, draw on facts relating to
individuals’ well-being. In addition, this cri-
tique downplays the normative choices that
are required in the welfarist approach: even
if we do define an evaluation framework
that reflects individuals’ well-being, aggre-
gating those well-beings requires normative
judgements that are independent of the
well-being measures themselves. These are
not dissimilar to the kinds of judgements
that need to be made to specify a priori
planner preferences. Finally, while it seems
clear that the welfarist approach is more
comprehensive and ethically defensible
than the reduced-form planner preferences

290f course, hybrid approaches, in which an ethical
planner interacts with private agents with different prefer-
ences, are also possible. See e.g. Barrage (2018).
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approach, it places a very high informa-
tional burden on the analyst; implementing
this approach in practice requires detailed
models of the lives and deaths of myriad
individual agents. The planner preferences
approach, by contrast, usually deals with a
single preference relation that depends on
only a small number of sufficient statistics
that summarize the state of the economy
(e.g., aggregate consumption growth), and
a small number of parameters that aim to
capture key normative trade-offs.

Because of its wide deployment in the
academic and policy literature on social dis-
counting, the remainder of this section will
largely focus on “planner preferences.” A
casualty of this narrow focus is that we once
again largely neglect distributional issues
across individuals. We also abstract from
controversial, but important, issues relating
to population change and its implications for
normative welfare criteria.”| For an excel-
lent detailed treatment of both these issues
we refer the reader to Fleurbaey and Zuber
(2015).

3.2 Normative Discount Rates for the
Expected EDU Model

By far the most commonly deployed
model of planner preferences in the litera-
ture on social discounting is the Expected
Exponential Discounted Utility (EEDU)
model. In this model the value of a consump-
tion bundle ¢ at any time 7 is

(24) V(¢) = ;(ﬁ) qu’) U(Cries)-

30For the most part our consumption values can be
interpreted as consumption per capita, so that we implic-
itly adopt some form of total utilitarianism with constant
population size. See (Blackorby, Bossert, and Donaldson
2005) for further discussion of the role of population in
welfare economics.
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where ¢|7 is the subjective probability of
state s at time 7+ ¢, conditional on infor-
mation available at time 7. It is crucial to
understand from the beginning that the
function defined in (24) should be inter-
preted as a normative evaluation principle,
and not as a positive description of choice.
We should think of (24) as a reduced-form
intertemporal social welfare measure, which
aims to capture some of the key normative
trade-offs that are relevant to making inter-
temporal choices at a high level of aggrega-
tion. We begin this section with a derivation
and discussion of the consumption discount
rates that follow from (24). After that we dis-
cuss the assumptions that are implicit in this
representation of planner preferences, and
alternatives to them.

Applying the formula (4) for the consump-
tion discount rate in state (,s) to the prefer-
ences in (24) immediately yields:

(1+d@#

1\ o U,((1+gt(?)tcf>
) qm

N (1—+5 Ulc,)

where we hdve defined the consumption
growth rate g in state (t,s) via ¢y =

cT<1 + gt ) . This expression is easier to
manipulate in the continuous time limit.*} In
this limit we find

/ gt )
) _ U (C ek
e ptvst = ¢ 6t )

Assuming that U(c) is concave and twice con-
tinuously differentiable, define the elasticity
of marginal utility:

U"(c)

Ule)

nic) = —c

3lIn tlns limit we send p{7 — pDALS — JAL
g(; — g,SAt t — t/At, and take the limit as At — 0.
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Some simple manipulations then show that

¢ @,
f c et )dt’

o = g ey
These state-dependent discount rates are
rarely used in practice—most applications
focus on the risk-free rate, or risk-adjusted
rates that reflect correlations between proj-
ect payoffs and discount factors in close
analogy with our discussion of the CCAPM
in (12).

The risk-free social discount rate p{” is
calculated through

(25) ¢ Pt = Zqi(pefp@t = o
=54l [Zqﬁ,? exp( g7

X j: 77(07 egﬁt’)dt’ﬂ :

This is a general formula for the risk-free
consumption discount rate when preferences
are given by (24). It shows that discount rates
are related to properties of planner prefer-
ences—the pure rate of social time preference
¢ and elasticity of marginal utility n(c)—
and to empirical forecasts of consump-
tion growth (qﬁ’;)) Most applications of
this formula usually impose a lot more struc-
ture on the model. It is commonly assumed
that 7(c) = 7, a constant. In this case we
n

i) = 65— %ln[;qf{? exp(—ﬁgg?’f)]-

Assuming that the distribution of con-
sumption growth has finite moments, this
expression can be expanded to second order
in these moments to find that

P\~ 5+ %nE [ln(cTﬂ/cT)]

- 2% n*var(In(c,/c,)).
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This formula is the Ramsey rule for the risk-
free consumption discount rate when the
utility function is iso-elastic. The first term is
the utility discount rate, or pure rate of social
time preference; this captures the planner’s
impatience with respect to utility flows.
The second term is a wealth effect; it cap-
tures the planner’s aversion to intertemporal
consumption inequalities. Since the utility
function is concave by assumption, n > 0,
and hence marginal consumption changes
in high consumption states are worth less
than equivalent changes in low consump-
tion states. This wealth effect is usually the
dominant term in empirical calibrations of
the Ramsey rule. The third term is a precau-
tionary effect. Since planners with iso-elastic
utility have positive prudence,™ their appe-
tite for precautionary savings is increased
when the future is risky. This effect reduces
the risk-free discount rate in proportion to
the riskiness of future consumption.

In the classical case where ¢, follows a geo-
metric Brownian motion, this expression can
be simplified further. In this case we have

In

c7'+i
Cr

~ N(ut,o%t),
and hence
260  pi? = S+ np— Lo

This expression is in fact exact, since third-
and higher-order moments of consumption
growth are zero in this case. Itis worth repeat-
ing the assumptions that got us here: EEDU
preferences, iso-elastic utility, and a geomet-
ric Brownian motion for consumption.
Equation (26) has played an influential
role in discussions of social discounting.
Gollier (2012) uses a calibration of this equa-
tion to motivate his baseline recommenda-
tion for social discount rates. His preferred

32The coefficient of relative prudence is —cU"/U" =
n+1>0.
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parameter values for the preference parame-
tersared = 0,17 = 2,while forthe empirical
parameters he uses summary statistics from
empirical studies of consumption growth in
the Western world to suggest i = 2%/yr,
o? = (0.036) This leads to a baseline rec-
ommendation that the risk-free rate be set at
3.6 percent/year. The UK “Greenbook” uses
a deterministic version of this equation (i.e.,
with o2 = 0) to motivate the discount rates
the UK government uses for project evalu-
ation. Its preferred values are § = 1.5%/yr,
n = lu = 2%/r, leading to a dis-
count rate of 3.5 percent/year for matur-
ities of less than 30 years. Although these
quantitative recommendations are very
similar, notice that they arise from mark-
edly different values for the preference
parameters.

While (26) is the simplest and most widely
known version of the Ramsey rule, it clearly
relies on some very strong normative and
empirical assumptions. The core empirical
assumptions relate to the model of consump-
tion growth. In the geometric Brownian
motion model, consumption growth rates
are independent and identically normally
distributed. A large literature in both asset
pricing and social discounting has studied
variations of this model that allow for serial
correlations in growth rates, uncertainty
about the underlying growth process that
fattens the tails of the distribution of growth
rates, rare disasters, and several other
effects. These effects can have qualitatively
and quantitatively important consequences
for discount rates—term structures are no
longer flat when growth rates are serially
correlated, and fat-tailed distributions for
growth rates can dramatically inflate the
magnitude of the precautionary term in
(26). In addition, the role of the iso-elastic
utility assumption has been interrogated.
If dn(c)/de < 0, and consumption growth
rates are nonnegative and independently
and identically distributed, then the term
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structure of risk-free rates is declining. This
can be seen directly by inspection of the gen-
eral formula in (25). Thus the finding of a flat
term structure in (26) is not robust either
to the model of consumption growth, or to
the choice of utility function. Gollier (2012)
presents a comprehensive overview of these
issues; we refer the reader there for further
details.

It is worth pausing briefly to empha-
size the difference between the approach
we have adopted in this section and that
in section 2. There is not a single price in
any of the formulae in this section—all
the results follow from a direct assessment
of the impact of a public project on a wel-
fare measure that represents the planner’s
normative  intertemporal  preferences.
Prices are only relevant to the extent that
they play an implict role in any underlying
model of consumption growth. In practice
however, the applied literature tends to
focus on exogenous time series models for
consumption. While it is possible to inter-
pret these models as equilibrium behavior
that emerges from some underlying model
of the economy, that connection is seldom
made explicitly in practical applications of
discounting formulae. If it were, the impli-
cations for choosing discount rates might be
quite different. For example, as in our dis-
cussion in section 2.3.4, normative planners
may still find it beneficial to use markets to
redistribute project payoffs across time and
states. If that is feasible (i.e., if the payoff
streams from public projects are at least
partially tradable), prices still determine
opportunity costs and may still be important
inputs to cost-benefit analysis.

3.3 Properties of EDU Time Preferences

The EDU time preferences that underpin
the Ramsey rule are so familiar that it is easy
to forget what the justification for using them
was in the first place. In this section we drill
down into the axiomatic properties of EDU



1062

time preferences. Our purpose in doing this
is to understand the precise assumptions that
are implicit in this commonly used tool, and
in so doing evaluate their normative credibil-
ity. Our discussion will show that, while EDU
preferences have a number of convenient
and attractive features, they are arguably far
from being the only plausible model of nor-
mative intertemporal preferences. For the
sake of simplicity, we focus on preferences
over deterministic consumption streams,
but will comment on the role of uncertainty
below.

We begin with a discussion of the famous
axiomatic foundation for the EDU model
due to Koopmans (1960). Let h be an
arbitrary history of consumption, and let
¢ = (co,c1,...) be an infinite stream of
(present and) future consumption at his-
tory h. We denote a consumption stream
that consists of the elements of ¢ for the
next ¢ time periods and the elements of
stream ¢’ thereafter by (c|;¢’). Preferences
over future streams ¢ at a history h are
assumed to be represented by a real val-
ued function Vj(c). Since preferences
are conditioned on history, we admit the
possibility that they may differ at different
histories.

The two most important of Koopmans’
axioms are as follows:

* Independence—For all consumption

streams ¢, ¢, ¢, ¢, all ¢’ > ¢, and all histo-
ries h:

(27) Vilelelre) > Vi(c),€le)
<~ Vh<c|,é|i/c) > Vh<c/|té|t’c/>~
e Stationarity—For all consumption val-
ues x, consumption streams c, ¢’, and all
histories h:

(28) Vi(x,€) > V(x,¢)

- Vh(c) > Vh(c’).
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Koopmans also assumes some other axioms
(including a continuity axiom), which we will
not go into here. Note that both these axi-
oms concern preferences at a fixed history
h. They say nothing about the relationship
between preference at different histories.
The independence axiom is responsible
for the additive separability of preferences.
It is easy to show that if V,(c) takes the form

Vi(e) = Uﬁ(co) + U}I'(cl) + Ug<cz) + ...,

then independence is satisfied. With some
further technical axioms, this representa-
tion of Vj,(c) can be shown to be necessary
for independence. Additive separability is
a strong property—it says that the relative
value of a marginal unit of consumption in
any two periods only depends on those peri-
ods. Formally, separability implies that for
any i,j,k, where i # j # k:

i th/ acl' _ 0
8Ck th/aC]- -

In a nutshell, the value of an additional
mouthful of Spam for dinner, relative to its
value at breakfast time, does not depend on
how much Spam you ate for lunch.

Stationarity is actually also a kind of inde-
pendence property of preferences. It says
that if two consumption streams share a
common “beginning,” then our preferences
between them should be the same as our
preferences between two modified con-
sumption streams that are the same as the
original pair, but with their common begin-
ning deleted. Stationarity is also a strong
property. For example, it implies that for an
arbitrary infinite stream c,

(Star Wars I¢) > (Star Wars 11, ¢)
< (Star Wars I, Star Wars I, ¢)

> (Star Wars I, Star Wars 11, ¢).
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That is, if T prefer watching Star Wars I
to Star Wars II and then continuing with
my life (e), I should also prefer watching
Star Wars I twice in a row to watching Star
Wars I followed by Star Wars II and then
continuing with my life.* Clearly there are
some situations in which stationarity may not
capture important aspects of the interactions
between successive consumption values,
although it may arguably be a less objection-
able property to assume of social preferences
over a composite consumption variable.

To see (roughly) that stationarity and
independence imply EDU, consider
two consumption streams ¢, ¢, where
Vi(e) > Vj(¢/). By independence this
means

Ul(co) + Ul(ey) + Ub(cq) + ...
> Ub(ch) + Ullct) + Ublct) + ...

The stationarity axiom now says that
Vi(co.€) > Vi(co.€) < Vi(e) > V<), so
setting ¢y = ¢( we have
(29) Ul(cy) + Ules) + ...

> Ul(c) + Ub(cs) + ...

& Uler) + Ulley) + ...

> Ublel) + Ulles) + ...

It is clear that a sufficient condition for this

to hold is

(30)  Ulyle) = (1+6) ' Ule),

for some 0, > 0. This can be verified be sub-
stituting (30) into the left inequality in (29).

With the use of some other technical axioms,
Koopmans shows that (30) is necessary as

33This example is taken from Machina (1989).
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well as sufficient. Solving (30) explicitly as a
function of time, we arrive at our old friend
the EDU model:

o0

(31)  Vile) = D (1+8)"Ue).

t=0

Although the Koopmans axiomatics lead
to a discounted utility representation of pref-
erences, one further assumption is needed to
get to the standard (deterministic) formula in
(24). The key observation is that nothing so
far in our discussion tells us how preferences
at different histories are related. Thus, if a
decision-maker obeys the Koopmans axioms,
she could have a different EDU preference
relation at each point in time. To get to the
standard result we must impose one of two
additional conditions:

* Time consistency: For all histories h,

consumption values x, and future con-
sumption streams ¢, "

(32) Vil(x.e)) = Vi((.e))

& V(h,x)<c> > V(h,x)(c').

Time consistency rules out preference
reversals, and implies that if an optimal plan
is implemented today, it will remain optimal
to follow it tomorrow. In order to under-
stand the constraints this requirement places
on preferences, it is helpful to see how time
consistency interacts with stationarity. Notice
that the left-hand sides of (28) and (32) are
the same, so if we impose time consistency
on stationary preferences, it must also be the
case that the following property holds:

e Time Invariance: For all histories h,

consumption values x, and future con-
sumption streams c, c

(33) Vi(e) > Vi(c))

& Vigle) = Vig(e):
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Time invariance is a property that is logically
distinct from time consistency and station-
arity, but is implied by their conjunction. In
fact, it is easy to see that any two of these
properties—time consistency, stationarity,
and time invariance—implies the third.
Thus we could equally have imposed time
invariance in addition to the Koopmans
axioms and derived time consistency as a
consequence.

Time invariance requires that prefer-
ences over future consumption streams
be independent of translations of the time
axis—shifting preferences forward or back-
ward in time has no effect on rankings of
future consumption streams. An immediate
consequence of time invariance is that pref-
erences are history independent—historical
consumption cannot have any effect on the
ranking of future consumption streams. We
have shown that stationary preferences that
obey the independence axiom are EDU.
In addition, if these preferences are to be
time consistent they must be time invari-
ant. This implies that EDU preferences
are time consistent if and only if they are
the same in each history—that is, the util-
ity function U(c) and the utility discount
rate ¢ cannot vary with the passage of
time.

This discussion has shown that although
the EDU model is by far the most com-
monly used in the literature, it is actually
highly restrictive. Not only does it severely
constrain how interactions between con-
sumption at different points in time can
affect social preferences, it also requires us
to be entirely ahistorical in our evaluations of
future consumption streams.™

Our discussion thus far has emphasized
time, and not risk/uncertainty. A detailed

34The EDU model has other deficiencies if it is inter-
preted as a welfarist aggregation of individuals® lifetime
well-beings. For example, Broome (2004) argues that time
separability is a highly implausible property in this context.
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discussion of axiomatic approaches to inter-
temporal choice in the presence of risk
and/or uncertainty would take us too far
afield for our present purposes. We refer the
reader to, for instance, Hammond and Zank
(2014) and Ghirardato (2002) for detailed
treatments. We note, however, that two of
the standard constraints on rational dynamic
choice do not imply EDU preferences.
Dynamic consistency is an extension of the
time consistency property above to a stochas-
tic context. It requires plans that are made
today about how to act at future nodes of a
decision tree that depend on the realization
of chance events remaining optimal if those
events are realized. Consequentialism says
that preferences at each node of a decision
tree should depend only on those nodes that
are reachable from the current node. While
each of these properties is appealing, com-
bining them does not require that choices
be represented by the EDU preferences in
(24). Johnsen and Donaldson (1985) show
that these two criteria together imply that
preferences must have a recursive repre-
sentation, but significantly more structure is
required for them to be additively separable
across both time and states of the world, and
a stationarity axiom is still required to gener-
ate exponential utility discount factors. The
occasionally heard claim that (24) is required
for consistent dynamic choice is manifestly
incorrect.

Given that the constraints on planner
preferences in (24) are highly restrictive, it is
natural to explore the implications of alterna-
tive preferences for normative consumption
discount rates. It is straightforward to extend
the analysis in section 3.2 to other prefer-
ences. See, for example, Bansal and Yaron
(2004) and Traeger (2014) for a discussion
of discount rates derived from Epstein-Zin
preferences; Traeger (2014) and Collard
et al. (2018) for discount rates that account
for ambiguity aversion; and Campbell and
Cochrane (1999) for discount rates in the



Millner and Heal: Choosing the Future

presence of habit formation.” Backus,
Routledge, and Zin (2004) is a handy refer-
ence for so-called “exotic” preferences and
their applications. While there are important
discussions to be had about which (if any)
of these alternative preference formulations
has normative appeal for social discount-
ing, we hope that this section illustrates that
those discussions should also be had about
the standard EEDU paradigm.

3.4 Calibrating 6 and n: Ethical Arguments

Representation theorems such as that of
Koopmans pin down the functional form of
planner preferences, subject to us accepting
the axioms they rely on. But to operational-
ize these representations for social discount-
ing applications we need to specify the free
normative parameters of these functional
forms. In the case of the EDU model, this
means choosing a utility function U(c), and a
utility discount rate 4.

In applications the utility function is often
chosen to be iso-elastic. Iso-elastic utility
makes income effects very simple—the elas-
ticity of intertemporal substitution is a con-
stant, and equal to 1/7. Iso-elastic utility is
also required for balanced growth paths to
exist in standard economic growth models:
see, for instance, Acemoglu (2008). In the
time and state-separable model in (24), n
also captures risk attitudes; it is the coeffi-
cient of relative risk aversion, which is again
constant for iso-elastic utility functions. The
preferences in (24) do not permit a separa-
tion between attitudes to risk and attitudes
to intertemporal consumption smoothing.
Although the iso-elastic utility function has
a number of convenient properties, it is
important to be aware that it is an essentially

35Gollier (2010); Traeger (2011); and Gueant,
Guesnerie, and Lasry (2012) provide discussions of dis-
count rates for multi-attribute utility functions, but these
do not require us to deviate from the standard time- and
state-separable framework.
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arbitrary choice from a normative perspec-
tive. Ultimately the main reason for the focus
on this utility function is analytic simplicity.

How should we interpret and calibrate 7
for social discounting applications? Gollier
(2018) reviews the various methods that have
been used in this arena. Positive approaches
to calibrating 7 include empirical estimates
of risk aversion from laboratory and field
experiments and studies of societal inequal-
ity aversion as reflected in observed income
tax schedules. A more purely normative
approach uses simple examples to inform
intuition about ethically appropriate values
for n. For example, consider a $1 transfer
from an individual with consumption 2¢ to
someone with consumption ¢. If we weight
these individuals™ utilities equally, the max-
imum fraction x of this transfer that can be
“lost in transit,” while still making the trans-
fer socially desirable, satisfies

Ul2c) x1 = Ule) x (1 —x) = «x
=1-27"

For example, if we feel that it is acceptable
to lose at most 25 percent of the transfer,
we should set n = —logy(3/4) ~ 0.4. If
75 percent is an acceptable maximum loss,
we should set 7 = 2. This example shows
how 7 captures inequality aversion and can
help to form intuition for “reasonable” val-
ues. Clearly however, there is room for
a wide range of opinions on the ethically
acceptable value of x, and hence inequality
aversion 7. Commonly deployed values lie in
the range of 1-4.

Similarly, the value of ¢ is often chosen
either to fit empirical data on the rate of
return on capital, or from normative equity
considerations. We have already discussed
the reasons to be skeptical about attempts
to calibrate 0 based on market observables,
and thus focus on the normative arguments
here.
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If the time periods in the EDU model rep-
resent different generations, for instance if
we are making choices about something like
climate change, it is natural to allow norma-
tive fairness considerations to influence our
choice of 6. A commonly advocated choice is
0 = 0. There are many good arguments for
this value, going all the way back to Sidgwick
(1874) and Ramsey (1928). Broome (2012)
and Greaves (2017) provide recent surveys.
In a nutshell, these arguments turn on the
undeniably compelling claim that ethical
principles should be impartial, that is, acci-
dents of birth or circumstance should play
no role in a sound theory of distributive jus-
tice. Since positive § implies that a util expe-
rienced today is worth substantially more
than the same util experienced by agents
who happen to live their lives in the distant
future, it must surely violate any meaningful
notion of impartiality.*

Since the impartiality arguments for
0 = 0 are quite straightforward, and are
by now very well-covered ground, we will
focus on arguments against 6 = 0. A sem-
inal result in this arena is the impossibility
theorem of Diamond (1965):

Theorem 1. Social welfare orders (i.e.,

complete, transitive, reflexive relations)
defined over infinite bounded utility streams,
and that satisfy:

e Strong Pareto: if u, > u/ for all t, and
there exists T such that u. > ul, then
u > u'

e Continuity: the order is continuous in the
sup norm topology.

36 Advocates of this impartiality argument still some-
times adopt a slightly positive value of § intended to reflect
a constant “extinction probability” per unit time (e.g., Stern
2007; Chichilnisky, Hammond, and Stern 2020). From an
empirical perspective both the assumed value of this prob-
ability (e.g., 0.1 percent/year), and its constancy over time,
are somewhat arbitrary.
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e Equity: the order is indifferent between
utility streams that are finite permuta-
tions of one another.

do not exist.

This result has been strengthened over
the years—see Asheim (2010) for a review
of recent developments. So, if we want to
define complete, continuous, social prefer-
ences over infinite consumption streams that
are also equitable, we have to give up strong
Pareto, a property that is usually considered
as an uncontroversial efficiency require-
ment. Alternatively, we can admit strong
Pareto and equity, but then we’d have to give
up completeness. There is thus a very deep
conflict between the desire for impartial,
sensitive evaluation criteria, and the notion
of a numerically representable social relation
of the kind we are used to.

A second argument against 6 = 0 is that
it can give rise to the so-called “paradox of
the indefinitely postponed splurge.” To see
an example of this, consider the following
optimal intergenerational savings problem:

maxi (14 6)"U(e,)

{Ct} t=0

subjectto k. = (L +r)(k, —¢,),

where
Inc, n =1
U<C) = ¢l
1= " # 1;

and we assume that § > 0,7 > 0,n > 0.
Standard calculations (see, e.g., Dasgupta
2008) show that an optimal program exists in
this problem if and only if (1 + )77 < 1 +
0. This condition is always satisfied when
n > 1, but may not be when < 1. When
an optimum exists, the optimal savings rate
s, = (k, — ¢;)/c, is constant, and given by:
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(34) "= (1+7) "7 (1+0)"

Consider the case n = 1. In this case, as
0 — 0, the optimal savings rate s* — 1 in
every generation. Thus each generation values
the future so highly that it starves itself today
for the sake of future generations. This is true
of every generation, so no one ever benefits
from this selfless altruism. Hence the para-
dox. While this result is clearly unpalatable, it
is not a generic feature of optimal programs
as 6 — 0; it relies on the fact that utility is
unbounded above for n = 1. In fact, we can
seefrom (34)thatwhenn > 1(i.e., utilitiesare
bounded above), s* — (1 + r)*@*l)/” <1
as & — 0. Nevertheless, efficient savings
rates in this limit may still be unpalatably high.
For example, if r = 5%/yr, n = 2, we have
s* — 97.6% when 6 — O—this still seems
an excessively burdensome prescription. The
fact that very low values of § tend to favor very
high savings rates is symptomatic of a broader
set of concerns about “excessive sacrifice.”’
Consider a project that yields a small util-
ity benefit € to the next T generations. If
0 = 0, then no matter how small we make e
, there is always a T large enough so that the
project is welfare improving, even if it costs
the current generation all of its utility. This is
the real heart of the “excessive sacrifice” line
of complaint against § = 0. The deep ten-
sion between impartiality and the rights of the
individual is eloquently summarized by Arrow
(1999): “I do not think that this dilemma arises
merely out of the specifically utilitarian for-
mulation that welfare economists find so con-
genial. Itis a conflict between a basic property
of morality...that of universalizability, and a
principle of self-regard, of the individual as

37In general, Asheim and Buchholz (2003) observe
that any efficient and increasing consumption stream is
the optimal path for some undiscounted welfare function,
so it is perfectly possible to find undiscounted objectives
that favor arbitrary savings patterns. The question then
becomes whether those objectives satisfy other desirable
normative criteria.
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an end and not merely as a means to the wel-
fare of others. In a favorite quotation of mine,
Hillel, the first-century rabbi, asked, ‘If T am
not for myself, then who will be for me? If I
am not for others, then who am I? If not now,
when? One can only say that both the univer-
sal other and the self impose obligations on
an agent.”’

It is tempting to object that both the
“nonexistence” and “excessive sacrifice”
arguments against § = 0 are an artifact
of the assumption of an infinite time hori-
zon. Certainly it is a mathematical fact that
both problems, conceived in their narrow-
est sense, evaporate in a model with a finite
time horizon. It is also a physical fact that
humanity will cease to exist in finite time.
However, these observations merely deflect
attention from the conceptual concerns
raised by these arguments. The excessive
sacrifice concern emerges approximately
for very large time horizon models, or for
models where 6 > 0 but arbitrarily small—
optimality may still require sacrifices that are
unpalatable in such models. Similarly, while
an undiscounted intertemporal welfare func-
tion avoids all the difficulties of Diamond’s
theorem with a finite time horizon, the
ranking of consumption streams can depend
very strongly on where the temporal cutoff
is set when § = 0. Since any choice for the
time horizon is essentially arbitrary, or at best
highly uncertain, this seems an undesirable
feature for a normative criterion. One might
then invoke the principle that the time hori-
zon should be large enough that the terminal
conditions (i.e., the assumed final values of
state variables) of any intertemporal optimi-
zation problem we are interested in should

38In an insightful contribution, Fleurbaey and
Tungodden (2010) show that there is a deep choice to be
made between the “tyranny of aggregation” (described
here) and the “tyranny of nonaggregation”—a “max-min”
social welfare function that only prioritizes the worst off,
and therefore deems small sacrifices by arbitrarily large
numbers of well-off people socially desirable.
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not have much influence on the optimal solu-
tion, since any choice of terminal values will
be arbitrary. But this requirement is, for all
intents and purposes, identical to requiring a
very large, if not infinite, time horizon when
0 = 0. It seems that when it comes to equi-
table evaluation of very long utility streams,
there is no free lunch.

While the preceding arguments focus on
the consequences of a very low § for savings
and welfare trade-offs across generations,
some authors have emphasized that § also
has consequences for intratemporal distri-
bution when generations overlap. With over-
lapping generations it is natural to interpret &
as the planner’s discount rate on the lifetime
well-beings of generations of different vin-
tages, rather than a discount rate on one-pe-
riod generational utility. For example, suppose
that each generation lives for two periods,
and that the young generation born at time 7
(who consume ¢¥) coexists with the old of the
generation born at 7 — 1 (who consume c9).
Suppose that the subjective lifetime well-be-
ing of a generation born at time 7is given by

V, = u(c)

i —}— 7u(c‘;ﬂ).

The planner’s welfare function is now taken
to be

(35 W, = > (1+8)V,.,
t=—1
;am [1+5 u(c2sy)

+ u(ch’H)] .

Notice that the planner discounts the utility
of old agents who are currently alive back to
their birth dates—this ensures that planner
preferences are time consistent (Calvo and
Obstfeld 1988). This expression immediately
points to a potential conflict between two a
priori plausible fairness principles: intertem-
poral equity and intratemporal equity. As
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before, intertemporal equity requires that
planners should not discriminate between
people based on their birth dates; this
requires § = 0. Intratemporal equity, by con-
trast, requires that planners treat the well-be-
ing of all those currently alive equally, that is,
we should be utilitarians “in cross-section.”
If we interpret v as agents’ subjective utility
discount rate (i.e., there is no intrinsic differ-
ence between the old and the young’s ability
to obtain utility from consumption), intra-
temporal equity requires that social welfare
be increasing in u(c%,) + u(cl,,), that is, we
must choose § = ~.*

To demonstrate the intratemporal inequi-
ties that can arise when 0 <+, consider how
the planner would allocate a fixed amount of
consumption C; between the agents alive at
time T:

max 1 + 5
cled 1+ Y

subjectto ¢¥+4¢f = C,.

u(c?) + u(cl)

Clearly we have

60 <ye =

with equality possible only when § = ~. For
iso-elastic utility functions it turns out that

1
1+9\" o
= (113)

39This dilemma is seemingly at odds with Quiggin
(2012), who argues that intratemporal equity implies
that we should want to choose 6 = 0. The reason for
this discrepancy is that Quiggin implicitly assumes that
individuals do not discount future utilities; instead, util-
ities vary with age in his model. Using our notation,
Quiggin would interpret the utility function of the old
(L +7) " u(cf,,) as a cardinal well-being measure, that is,
the old achieve (1 +7)™" < 1 less utility than the young
at equal consumption levels. In this interpretation choosing
0 = 0isrequired for intratemporal equity. Whether utility
functions vary with age or agents discount future utilities
is an empirical question, but we share the view in Eden
(2021) that the age variation in utility required to legiti-
mate the consumption inequalities that would be consid-
ered optimal when § = 0 are probably implausible. We
are grateful to Maya Eden for discussions on these points.
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where n > 0 is the elasticity of marginal
utility. Forn = 2,0 = 0,7 = 3%/yr, and a
time step of 40 years it is socially optimal for
the young to consume 80 percent more than
the old.

Thus, if the planner’s discount rate on life-
time well-beings ¢ is different from agents’
private rate of time preference ~, this may
legitimate substantial inequality in consump-
tion across the age distribution. Relatedly, if
consumption allocations are decentralized,
a planner with 6 # + may view transfers
across the age distribution as highly socially
desirable, even if all agents are identical and
have equal endowments. Indeed, imple-
menting the social optimum in a decentral-
ized economy requires the planner to use
a sophisticated set of time- and age-depen-
dent transfers (Calvo and Obstfeld 1988).
As Schneider, Traeger, and Winkler (2012)
observe, such age-based policies may be
seen as discriminatory, and be difficult to
implement in practice. Eden (2021) draws
out the implications of these observations
for social discount rates on a (nonoptimal)
balanced growth path, where agents trade
consumption within their lifetimes at mar-
ket rates. Her results confirm that a social
discount rate that deviates from the market
interest rate is synonymous with a planner
who believes the decentralized distribution
of consumption across age groups to be sub-
optimal. Indeed, because of the preference
homogeneity and balanced growth assump-
tions in her model, the social value of trans-
fers from an agent of age a’ to an agent of age
a < a' grows exponentially in ¢’ — a when
the social discount rate is less than the mar-
ket rate, and thus may become very large for
transfers from the very old to the very young.

Eden and others view the intratemporal
distributive consequences of a § substan-
tially below individuals™ private rate of time
preference as unpalatable, arguing that this
amounts to a form of ageism. Equally, choos-
ing 6 > 0 can be viewed as intertemporal
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discrimination. Ultimately, the distinction
between these viewpoints comes down
to whether one believes social judgments
should be based on the temporal distribution
of lifetime well-beings, or the time series of
cross-sectional well-being. Standard wel-
farist theories treat individual well-beings as
the only relevant input to social welfare (this
is at the heart of the Pareto principle); these
would suggest that the former approach has
more normative legitimacy (see Broome
2004 for further defense of this approach),
but not everyone agrees."! We take up the
theme of normative disagreements once
more in section 4, but now turn to practical
issues that arise when evaluating public proj-
ects in imperfect economies.

3.5 Project Evaluation in Imperfect
Economies

Thus far our discussion has focused entirely
on the consumption impacts of public proj-
ects. Of course, projects may be financed by
a variety of means that do not involve direct
consumption changes, and they may also
have effects on other economic variables, for
example, private investment. When markets
are perfect all these effects can be handled
using a unified approach, as consumption
discount rates coincide with market rates
of return on all margins. This is no longer
the case when there are distortions in the
economy. An extensive literature discusses
project evaluation in such second-best situ-
ations.”! The central issue is whether there

40 A partial way out of this stark choice could be to fol-
low the example of Caplin and Leahy (2004), and repre-
sent “total” lifetime well-being of the generation born at 7
as a convex combination of the preferences of the young at
7and the old at 7+ 1, ie., V, = w, V. + (1 — w, Ju(c?;))
for some weight w,. The planner could then choose w. to
partially address intratemporal inequities, while still allow-
ing her to choose § = 0.

41 Classic contributions on this topic in a general
equilibrium setting include Arrow and Kurz (1970) and
Sandmo and Dreze (1971). We discuss some of the partial
equilibrium literature below.
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Future consumption
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Present consumption

Figure 2. Appraising Marginal Projects in Distorted Economies

are general rules governing project evalua-
tion in these cases, or whether the outcomes
are specific to the distortions that operate in
the economy. We close this section with a
small digression from our discussion of the
“pure” normative approach to discuss this
issue. We show that there are some general
principles, though their implementation is
not always straightforward.

To see the basic idea in a simple example
consider figure 2| This represents a two-pe-
riod economy, with present consumption on
the horizontal axis and future consumption
on the vertical axis. Think of the vertical axis
as representing a composite of all future
consumption. The intertemporal production
frontier is shown as a red line and the blue
lines are indifference curves for a represen-
tative consumer, or social planner. Clearly
the first best is the point A where an indif-
ference curve is tangent to the frontier. Here
the consumer’s marginal rate of substitution
and the producer’s marginal rate of transfor-
mation are equal — the consumption discount

rate and the rate of return on investment are
the same. Now suppose, however, there are
distortionary taxes in the economy that drive
these two rates apart: then the system will be
at a point like B, which is inefficient. At such
a point, what rate should be used to evalu-
ate a small change in the economy’s config-
uration? Clearly a change is beneficial if and
only if it is feasible and it moves the economy
above the indifference curve through B, and
for small changes this is true if and only if
the proposed (feasible) change has positive
value at the prices given by the slope of the
tangent to the indifference curve at B, which
means positive value at the consumption dis-
count rate. So a move from B to C is benefi-
cial, even though neither B nor C is efficient.
Note that the slope of the production fron-
tier at B has no role to play in evaluating a
project in this case. So here at least, using
the consumption discount rate is the right
approach. How robust is this conclusion?
The answer is that it is robust, provided
that we can accurately identify all of the



Millner and Heal: Choosing the Future

consequences of a project and value them
appropriately. In case this sounds trivial,
let us illustrate the possible complexities.
Consider an investment in wind power,
which will provide carbon-free electricity
for thirty years. This investment may be
paid for by a government or by a private
company. In the former case it might be
financed by issuing bonds, or by a tax on
profits, labor income, or sales. In the latter
case it could be financed by issuing corpo-
rate bonds or equity, or from retained earn-
ings. Clearly the implications of these seven
alternatives could be quite different, both
now and in the future. An income tax would
reduce savings and consumption, and hence
reduce output and profits. Financing via
government bonds might reduce private
investment and hence future output and
profits, and so on. In terms of figure 2, each
of these would be represented by a differ-
ent movement from B, even though they all
lead to the same wind farm. However, pro-
vided that we identify precisely what these
effects are, and value them with the appro-
priate shadow prices, we can keep discount-
ing using the consumption discount rate.
The literature sometimes distinguishes
between the direct and indirect effects of a
project. In the case of a wind farm financed
by an income tax, the direct effects would be
the generation of power by the farm and the
employment in constructing and operating
the farm, together with the drops in con-
sumption and savings resulting from the
tax. The indirect effects would include the
change in the consumers’ work-leisure trade-
off because of the lower effective wage rate,
the change in producers’ outputs because of
the drop in demand, and any consequences
of the reduction in consumer savings. The
direct effects are obvious to the managers of
the project, whereas the indirect effects may
be hard to evaluate. It is these that make it
hard to be sure where a project starting at a
point such as B in figure 2 will actually take
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us. Itis certainly possible that a project could
have positive value if we consider the direct
effects only, but negative value when all
effects are taken into account—or vice versa.

To illustrate more formally how project
evaluation proceeds in a nonoptimal econ-
omy, consider a deterministic model in which
the planner’s intertemporal preferences are

given by
V(ie) = V(cp,cr.0a,...),

and suppose that some nonoptimal resource
allocation mechanism operates in the econ-
omy. We represent this mechanism as a
general (nonoptimal) mapping between con-
sumption and investment at time ¢, and con-
sumption and investment at all prior times
t < t

(36) Ci = Ci<ciflayitfl>ct727i172’"'ac()>i()>,
(37) ii = Ii(ctflriiflaci723i172>~">CO>1:()>:

for some functions C,(-),I(-). Now con-
sider valuing a public project that leads to
direct marginal changes in consumption and
investment at time ¢, denoted by dc; and
di, respectively. We can compute the total
effect of this project at time t + 7 (7 > 1)
by totally differentiating (36-37), holding
consumption and investment values at times
0,...,¢ — 1 fixed, as they are in the past when
the project’s payoffs are realized:

" ac,,.
dCH—T - Zidct-ﬁ—‘r—n

n=1 act*f’T*n
T
act+7 li
+ a (,L[+T*n)
n=1O+7r—n

T

dip,r = Z%dctﬂ—n

n=1 aCtJr'rfn
T
61t+'r di
=+ i Ytr—n-
n=10+47rn
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To wunderstand all the indirect conse-
quences of this project on consumption
and investment at future times ¢t + 7 for
7 > 1, we need to solve this linear inho-
mogeneous system of difference equations
forward in time, given the stated initial
conditions at 7 = 0. Let A, (de,di,) be
change in consumption at time ¢ + 7 that
emerges from this procedure, given initial
conditions (dc;,di;). By linearity, we have
A, (dendiy) = A (1,0)de; + A, (0,1)di,.
Defining the shadow price of investment at
time ¢ as

ov
Z i A, (0.1)

ac,

a project that gives rise to a sequence of mar-
ginal consumption and investment changes
given by (de;, di;)i—o... ~ is welfare improving

if and only if:

.....

(38) idct(l + )"
t=0

+ 2 (14 p) " wdiy > 0.

The first term in this expression accounts
for the direct effect of the project on con-
sumption, the second term for indirect
consumption effects, and the third term for
changes in investment, valued at appropriate
shadow prices.

The shadow prices and indirect consump-
tion effects in (38) are of course dependent
on the resource allocation mechanisms that
operate in the economy. If the economy is
at an intertemporal welfare optimum, the
envelope theorem implies that only the
first term of (38) is nonzero. However, in
an economy with distortions, all the terms
in (38) are relevant. This analysis illustrates
the complexity of this exercise in general. A
series of early papers examined the impli-
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cations of these complexities for project
appraisal in various simplified cases, see, for
instance, Marglin (1963), Feldstein (1964),
Baumol (1968), and Bradford (1975). See
also Dréze and Stern (1987) and Arrow,
Dasgupta, and Maler (2003) for discussions
of shadow prices and their role in policy
appraisal in imperfect economies. Notice
that although the empirical consequences
of market imperfections are somewhat for-
midable, the approach here is conceptually
straightforward: keep track of all the indirect
effects of consumption changes, and convert
all project consequences for investment into
consumption equivalents using appropriate
shadow prices, before discounting using the
consumption discount rate as normal.

4. Rapprochement: Social Choice and
Social Discounting

Our discussion of the market-based
approach to social discounting showed that
there are a number of serious concerns
about whether observed prices capture the
information that is needed to perform social
cost-benefit analysis of intertemporal proj-
ects, especially if those projects affect out-
comes in the distant future where markets
are likely incomplete, intergenerational
issues are salient, and externalities due to,
for instance, climate change are relevant.
The alternative to the market approach is
to try to estimate the welfare consequences
of public projects directly, via a normative
social discount rate. However, our discus-
sion of that approach showed that it, too,
suffers from some serious difficulties and
indeterminacies. These arise when one asks
which normative axioms are most appealing
as foundations of “planner preferences.” In
addition, even supposing that we agree on a
given representation for planner preferences
(e.g., EEDU) there are still free parameters
that must be specified based on a combina-
tion of normative reasoning and empirical
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Figure 3. Values of ¢ and 7 Recommended by a Sample of Economists Who Have Published
Papers on Social Discounting

Source: Data from Drupp et al. (2018).

estimation. For example, given the trade-
offs involved in choosing appropriate values
for § and 7 in the EEDU paradigm, it is no
surprise that informed opinions on their val-
ues vary widely. This is amply demonstrated
in which plots the results of a recent
survey (Drupp et al. 2018) that asked econ-
omists who have published papers on social
discounting which values of ¢ and 7 are most
appropriate for public project appraisal.?
The variation in this figure is truly astonish-
ing when it is translated into estimates of the
social value of payoffs in the distant future.

421t is of course questionable whether economists’
opinions on this matter are representative of the distribu-
tion of informed views. We work with these data since they
are readily available and allow us to illustrate several aggre-
gation methods, but this caveat should be borne in mind
when interpreting quantitative results.

For example, assuming that consumption
growth is a deterministic 2 percent/year, the
value of a $1,000,000 payoff in 100 years is
$1,000,000 if (6,7) = (0,0) (bottom left of
figure 3), or $2 if (4,n7) = (6 percent/yr,4)
(top right of figure 3). These two economists
disagree about the value of 100 year payoffs
by a factor of 500,000! This is an extreme
example, but even much more modest dif-
ferences of opinion about these parameters
become highly significant at long maturities.

There are at least three possible responses
to this diversity of opinion. One is to con-
clude that economics has little of value to
say about how long-run projects should be
evaluated. Since essentially any policy can be
justified by appealing to an appropriate (8,7)
pair, and deciding between these values is
not a question that can be settled definitively
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by objective means, there is, in this view, lit-
tle more to be said. A second response would
be to insist that there is only one (4,7) pair
that is “correct,” and those who deviate from
this value are making an ethical or method-
ological mistake. A third response is to accept
that judgements of the kind that are required
to settle on values for (4,7) are invariably
subject to good-faith disagreements, and to
attempt to find tools that can aid policy anal-
ysis despite these disagreements.

The first of these responses is excessively
pessimistic about the role of analytical and
moral reasoning in debates about intertem-
poral social decision-making. The second
response captures the views of many com-
mentators on social discounting. For exam-
ple, advocates of the “impartiality” argument
for 6 = 0 (including, e.g., Pigou, Solow,
Stern, and Gollier) seem to believe that any
positive value of ¢ constitutes, in Harrod’s
words, “a polite expression for rapacity and
the conquest of reason by passion,” and give
short shrift to alternative views. The diffi-
culty is that there is also a group of equally
thoughtful and well-informed commen-
tators (including, e.g., Arrow, Samuelson
and Nordhaus) for whom the “excessive
sacrifice,” “nonexistence,” or “paternalism”
critiques of 6 = 0 are persuasive arguments
against this value. It is hard to believe that
any of these commentators is guilty of any
rudimentary conceptual errors. Rather, it
seems more likely that each of them is grap-
pling with the conflicting obligations to the
self and to others, and finding some compro-
mise between them that they find attractive
based on their methodological proclivities
and moral intuitions.

This brings us to the third response to the
normative disagreements illustrated in figure
3. Instead of asking what the “correct” val-
ues of normative parameters are, we could
ask how to proceed given persistent good-
faith ethical disagreements. Is there a set of
principles for aggregating across normative
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opinions that gives each its due, but leads to
a fair compromise solution? That is the topic
of this section.

Pivoting from seeking a single “correct”
normative theory to asking how to deal
with persistent normative disagreements is
not without precedent in the literature.
In his magisterial work The Idea of Justice,
Amartya Sen argues that there is often a plu-
rality of (mutually inconsistent) ethical theo-
ries that may be brought to bear on a given
issue, each of which may have something
to recommend it. Importantly, this plural-
ist viewpoint does not mean that “anything
goes” ethically. Sen (2010, p. x) explains that
“There is a need for reasoned argument, with
oneself and with others, in dealing with con-
flicting claims, rather than for what can be
called ‘disengaged toleration,” with the com-
fort of such a lazy resolution as: ‘you are right
in your community and I am right in mine.’
Reasoning and impartial scrutiny are essen-
tial. However, even the most vigorous of
critical examination can still leave conflicting
and competing arguments that are not elim-
inated by impartial scrutiny.” The methods
of social choice may be viewed as a ratio-
nality technology for adjudicating between
those ethical claims that survive a process
of public reasoned scrutiny. These methods
may themselves be inherently plural, but
this is not a reason for pessimism about their
potential for dealing productively with nor-
mative disagreements. There is a difference
in kind between debates about the rational-
ity principles that social choice procedures
should obey and debates about basic ethical
principles or normative parameters of a sin-
gle planner’s preferences. Moreover, as we
shall see, some important conclusions may
be reasonably robust across several different
social choice approaches. With this back-
ground in mind, we now turn to some spe-

43Indeed, an entire subfield of philosophy is devoted
to this issue. See, e.g., MacAskill, Bykvist, and Ord (2020).
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cific proposals that have been discussed in
the recent literature.

4.1 Utilitarian Aggregation

In this section we discuss issues that
arise when we apply standard tools from
social choice theory and welfare econom-
ics to aggregate diverse normative theories
of intertemporal social welfare. The primi-
tives of the analysis are a set of N theories
of intertemporal social welfare that boil
down to numerically representable pref-
erence relations on (aggregate) consump-
tion streams: {V§Z>(c)}i=1 - Here V;Z)<c)
denotes a cardinal representation of theory
i’s normative ranking of future consump-
tion streams ¢ at history h. We assume in
addition that the V}?() are “interperson-
ally comparable.”™ We are interested in
aggregation rules €, which also deliver a
cardinal preference relation W), over future
consumption streams at each history h:

Wile) = 2, (Vi (e), ViX(e), ... v (e)).
We will assume that the individual theories

44Technically, we require social preferencesv to be
unaffected by transformations of the form V§Z><c) —
anll)(c) + 0 for any a > 0,5, € R. The comparabil-
ity assumption is of course not innocuous—see Harsanyi
(1955) for the definitive discussion of how this require-
ment may be interpreted. Philosophers have devoted
considerable attention to this issue (which they refer to as
“intertheoretic comparability”), where some see it as a key
difficulty for any attempt to find operational methods for
dealing with “moral uncertainty” (see MacAskill, Bykvist,
and Ord 2020, for a discussion and refutation of skeptics
of this approach). While such comparisons are certainly
difficult to justify when comparing the prescriptions of;
e.g., consequentialist and deontological moral theories, we
will put a lot more structure on the theories we attempt to
aggregate. We mostly consider theories that can be rep-
resented by EDU preferences, which only differ in their
parameters. Clearly this presupposes a lot of agreement
on the foundations of social evaluation, but one must start
somewhere, and these parameters have been the focus of
debate in the social discounting literature. Formally, the
issues at play when making intertheoretic comparisons
are similar to those that arise when making interpersonal
comparisons in welfare economics (see Fleurbaey and
Hammond 2004 for a review).
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V, are of the EDU form (we again specialize
to the deterministic case for simplicity):

vi(e ZUh )(14a)

where ¢ = 0,...,00 indexes present and
future times at history K. In this section we
specialize to “utilitarian” aggregation rules in
which €, is a linear function. These rules are
only utilitarian in form, not interpretation;
recall that V) represents intertemporal wel-
fare according to theory i, and not a measure
of individual well-being. In this case, we have

Zw (i Z Ul

t=0

(39) Wy(e [1 + 5y, ]

To avoid nongeneric cases, we assume there

exist i # j such that wh > 0 w;]) >0
and 8y # 5y

An 1mportant feature of the preferences in
(39) is that they no longer satisfy the stationar-
ity axiom (28). This is obvious in the context of
our discussion of the Koopmans axioms: there
we showed that continuous preferences that
satisfy the independence axiom are stationary
if and only if they are EDU. This never
occurs in (39) as long as there are two V

with nonidentical values of 5}’ that have pos-
itive weight. Suppose that we now impose an
additional assumption on (39)—t1me invari-
ance In this Case we have U; ( ) = U<i><~),
5 = 6w w! for all histories h. Since
stationarity and time invariance together
imply time consistency, we have

NOT Stationary = NOT Time Invariant
OR NOT Time Consistent.

As we have assumed time invariance, the fact
that (39) is not stationary leads to a violation of
time consistency. This is essentially the con-
tent of the results in Jackson and Yariv (2015),
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who claim that continuous aggregation rules
that respect unanimity (i.e., the strong Pareto
principle applied across the V@), the inde-
pendence axiom, and time consistency do not
exist. One can find similar claims in a wide
range of classic and contemporary literature
(see, e.g., Marglin 1963, Feldstein 1964,
Adams et al. 2014). And yet, time consistent
utilitarian aggregation is possible. Millner
and Heal (2018b) show that the “impossibil-
ity” of time consistent utilitarian aggregation
relies critically on the assumption of time
invariance. If we drop time invariance it is a
trivial matter to find time consistent versions
of (39). If we assume that the weights wg)
only depend on calendar time 7 and not the
full history of consumption, and that the 5
are unique, a necessary and sufficient condi-
tion for time consistency is:

w8)<1 + 5(i)) -
S (14 400

where wg) >0, Ziw(z) = 1. Millner and
Heal (2018b) provide a critical discussion
of the role of time invariance in collective
intertemporal choice, arguing that it is a
normatively and descriptively problematic
assumption when a fixed group of agents
decide on resource allocation over time.*
Time invariance is, however, a more
compelling assumption if we are attempt-
ing to model conflicts between different
groups of decision-makers, as might occur
in intergenerational decision-making. In that
case we can think of the time invariant version
of (39) as a principle that each generation uses
to aggregate the normative intertemporal

(40)  w¥ =

s

451f we view the model as one of consumers” well-be-
ing, the weights in (40) can be interpreted as requiring us
to account for agents’ total lifetime well-being when com-
puting social welfare (Millner and Heal 2018b). Calvo and
Obstfeld (1988) come to a related conclusion in a model in
which cohorts of agents are born in each instant and face
some hazard rate of death that depends on their age.
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preferences of its constituents. The core
assumption in this approach is that the only
thing that is relevant for decision-making
within a given generation is the degree of con-
cern that current agents exhibit toward the
future. The concerns of past or future genera-
tions are not accounted for explicitly; they are
only relevant to the extent that they implicitly
influence the normative judgments of current
agents. If we assume that the distribution of
normative views does not vary with time we
end up with a model in which aggregate pref-
erences over future consumption streams at
all histories h are given by:

ZUCt( )7t,

<41> Wh

where

]\7
(42) ﬁ(c) = Zwm ul
i=1

t

(43) St—[Zw (1+5)t] 1

The preferences (41) are time inconsis-
tent, which might seem like a knockdown
argument against this approach. Yet in the
context of intergenerational choice there is
no reason to insist on time consistency in
general—we are modeling the collective
normative preferences of successive groups
of people, and it seems excessively demand-
ing to require that these be aligned across
groups who may be separated by decades
or centuries. Time consistency is perhaps a
reasonable constraint to impose on an ideal-
ized normative planner who accounts for the
interests of all generations, into the indefi-
nite past and future, in every time period.
But the problem we are concerned with here
focuses on a more limited, pragmatic, notion
of normativity, that is, one that emphasizes
the normative views of those agents who
have agency over current choices. As a prac-
tical matter, time inconsistency poses no real
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difficulties for the marginal analysis used to
compute social discount rates. Consumption
paths are exogenous in this case, so the dis-
count rates derived from (41) can be applied
at each point in time given an estimate of
consumption growth. '

We illustrate this procedure by using the
baseline model of utilitarian aggregation in
(41) to compute risk-free consumption dis-
count rates.'| From the aggregated utility
function in (42), we can define the aggregate
elasticity of marginal utility

N o@Dy e
o) = ot Ul

(44) —
SV 0 U0 ()

N 1w<">n<f>(c)U(i>'(c)
N wl) U(f)’@

Assuming that U (¢c) = ¢, and writing
¢, = coe® we simplify further to find that
N (i)g

N wolilpli)g=n"g
'F](C()egtt) R 1:111/ ! ,,71 € " .

it} wli)g=n"at

Again taking the continuous time limit
for analytical convenience and focusing on
a deterministic model for simplicity, we see
from (25) that the risk-free consumption dis-
count rate at maturity ¢ in this model is given

by,

~ 2
45)  p =0, —l—% 0 fi(coe™®)dv,

46 Things do, however, become more complex if we aim
to apply this approach to non-marginal problems, since
time inconsistency requires us to treat policy choice as a
dynamic game. See Millner and Heal (2018a) for a treat-
ment of these issues that works with the preferences (41).

470ur analysis is related to that in Gollier and
Zeckhauser (2005); Jouini, Marin, and Napp (2010); and
Heal and Millner (2014), but unlike these papers we con-
sider social preferences over aggregate consumption, not
private preferences over private consumption streams.
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where the continuous time version of the
expression in (43) is

N [
5, = —%ln <Zw(i)65(x)t> .
i=1
Notice that

d
dt

Moreover, if the growth rate is constant,
that is, g, = ¢ for all ¢, and defining
m(g) = ﬁ(coeg%, it is straightforward to
show that

5, < 0, fliljolcgi = miné(i).

sgn(%ﬁi (g)) = —sgu(g).

ming, g > 0;
tlirgloﬁ,(g) - l (i)
maxn\/, g < 0.

The aggregate pure rate of social time
preference 6, is a generalized mean of
the{(;(i)}, and declines with maturity to the
lowest value in the infinite future. Similarly,
the aggregate elasticity of marginal utility
7:(g) is a weighted average of the {n(i)}, with
weights that vary with maturity in such a way
that 7,(g) declines with maturity if g > 0,
or increases with maturity if ¢ < 0. Putting
these pieces together, it is easy to see that
when consumption growth is constant, the
risk-free rate p, declines with matiurity to a
limiting value of mini{(w) + n(i)g}.48

We illustrate the maturity dependence of
the utilitarian risk-free discount rate in
In this figure we have calibrated the

values of 6 and n¥) to the survey data in

48 At a mathematical level this finding is related to the
prescient but somewhat controversial and informal analy-
sis analysis of Weitzman (1998, 2001). Unlike Weitzman’s
work, this result is rooted in a formal welfare-analytic
framework, which makes the assumptions that underpin
the result transparent.
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Figure 4. Risk-free Consumption Discount Rate under Utilitarian Aggregation of the Survey Data in Figure
3, Assuming Constant Deterministic Consumption Growth Rate g

figure 3, chosen weights wl) = 55, 50 e
and used equations (43—44) to compute the
aggregate discount rate for different con-
stant consumption growth rates g. The most
striking difference between the discount
rates in figure 4 and those that follow from
the “single theory” Ramsey rule (26) is that
now the risk-free rate has a declining term
structure. This is a direct consequence of
utilitarian aggregation across theories.

One potential operational difficulty with
the utilitarian approach to aggregating
intertemporal preferences is that it intro-
duces an additional set of parameters,
that is, the aggregation weights w?. In
the analysis in figure 3 we specified the

49This choice of weights ensures that agents with
different values of 87/ contribute equally to the aggre-
gate \Velfare functi()n on constant utility paths, since
e Oe="dr = /60,

aggregation weights by appealing to an intu-
itive fairness criterion—welfare functions
with different values of § should contribute
equally to aggregate welfare when utility
streams are constant and common to all the-
ories. Is there some other, more systematic,
way of specifying aggregation weights?
A partial affirmative answer is provided in
a paper by Chambers and Echenique (2018).
They consider the case where individuals
share a common utility function but favor dif-
ferent utility discount rates. They then write
down a set of plausible axioms—versions of
strong Pareto, continuity, interpersonal com-
parability, and an intergenerational inequal-
ity aversion axiom—under which
gl
W(e) = min Y w0
wel' [ 5 1+ 5(1)

<Y Ule) (14 69)

t=0
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where w = (wm,w(z), ...,w(N)), Z?Llw(i)
= 1, and I' is a convex set of possible weight
vectors w. Thus, according to this rule we
should evaluate ¢ using the utilitarian crite-
rion in I that values ¢ the least.” The most
pessimistic utilitarian welfare measure will
vary with the consumption sequence e, and
will depend on the set I' of plausible weight
vectors. Nevertheless, this approach pro-
vides a principled way of choosing the w!
that is robust to some “uncertainty” about
how different theories should be weighted.

4.2 Intergenerational Pareto

In section 4.1 we observed that the time
consistency of utilitarian aggregation can be
restored if we abandon time invariance. In
this section we consider a method for restor-
ing time consistency with time invariance due
to Feng and Ke (2018). These authors adopt
the normative position of the “idealized inter-
generational planner” we mentioned above,
that is, a planner who accounts for the views
of all agents in current and future generations
at once. Their key insight is that applying a
version of the Pareto property across gen-
erations, rather than just within the current
generation, gives one much more freedom in
the form of the aggregate preference relation.
Indeed, there is so much freedom that one
can ensure that the aggregate intergenera-
tional planner has EDU preferences, and is
hence time consistent.

We consider the simplest version of their
model. Feng and Ke (2018) assume history
independent preferences, so we can index all
preferences by time 7. Within generation 7
individual i is assumed to have EEDU pref-
erences over (lotteries over) future aggre-
gate consumption:

T
46) VY(p) = Y (148) Tuy(py).

t=1

50This result is analogous to the results in Gilboa
and Schmeidler (1989) in the context of decision under
ambiguity.
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Here p = (po.p1.....pr) is a sequence
of lotteries over aggregate consumption,
6; is individual i’s utility discount rate, u;(p,)
is individual i’s assessment of the expected
social utility of the (static) lottery p,, and T is
the time horizon.”! In addition, they assume
that the planners preferences W, (p) are
EEDU:
T

(47) Wi(p) = tZ(l + dw) " u(py).
The main axiom their results rely on is:
e Intergenerational  Pareto:  social
preferences W, (p) satisfy intergen-
erational Pareto if in each period 7,
and for any sequences of lotteries

p.p. Vi) = Vii)(p) for al
i,k > 0 implies W,(p) > W.(p’), and
Vﬂk(p) > Vﬁk(p’) for all i,k >0
implies W,(p) > W.(p').

Unlike the unanimity (i.e., strong Pareto)
property that motivated (39), and acted
across types within the current period, inter-
generational Pareto acts across all types in all
future periods at once. Applying some well-
known results of Harsanyi (1955), it can be
shown that W_(p) satisfies intergenerational
Pareto if and only if

Do (i) )
(48) W, (p) = ;;w‘ntvt (p)

(@)

for some weights w;’t > (. Note that instead

of the N weights w@ that we had in (39),
planner preferences in period 7 now depend
on N x (T + 1 — 7) weights. This additional
freedom in the representation is at the
heart of the results in Feng and Ke (2018).

The nonnegativity of the weights wﬁll in the

51The analysis in Feng and Ke (2018) assumes that T is
finite, but their results have been extended to infinite T in
Feng, Ke, and McMillan (2022).
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representation of planner preferences places
constraints on the possible values of the plan-
ners’ discount factor dyy. Suppose, for exam-
ple, that all individuals have the same utility
function, but their discount rates differ. In
this case the planners preferences satisfy
1ntergenerdt10nal Pareto if and only if there
are weights cu;(< > 0 and a constant utility
discount factor dyy > 0 such that for ¢,

(14 6y)
t N
=Y w1+ o)
k=1i=1

It is relatively straightforward to show that
this implies dy, < max; 6. This is not much
of a constraint on the planner’s discount rate,
but it turns out that the upper bound can be
very considerably strengthen if individuals
have different utility functions. The main
result in Feng and Ke (2018) shows that if
the individual utility functions u'/(p) are
linearly independent, then W_(p) respects
intergenerational Pareto if and only if the
aggregate planner’s instantaneous utility
function is a (strict) convex combination of
individuals’ utility functions, and

—(t=k)

(5“/ < mlné(l)

Thus, when individuals™ utility functions are
linearly independent (surely the generic
case), the upper bound on the planner’s
discount rate jumps from the maximum to
the minimum of individuals” discount rates.™
These results show that if we impose EDU

52To get a sense of where the (perhaps surprising) “only
if” part of this result comes from, suppose that there exists
a planner utility function u(p) and discount rate dy; such
that

T

> (1 ) () = SIS (146

=0 7=0i=1 =T

)”i(f’s)»

for weishts o) > 0. Since the wtlity functions 1t (o) are
or weights w,’ > 0. Since the utility functions ui(p) are
linearly independent, we can equate coefficients at 7 = 0
tofindu(p) = YN, wf:)ui(p). At T = 1 we have
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preferences on the aggregate planner, she
must exhibit more patience than any individ-
ual within a generation. From our discussion
of the Koopmans axioms, we know that we
could have arrived at the same conclusion
if instead of imposing EDU preferences
directly, we imposed time consistency and
time invariance on (48). Thus, extending our
concept of which agents have standing for
current decisions beyond the current gen-
eration and imposing time consistency and
time invariance seems to require us to be
extremely patient when making intergener-
ational decisions.

4.3 Nondogmatic Social Discounting

The previous subsection took an
approach to the problem of aggregating
diverse theories of intertemporal social wel-
fare based on classical social choice theory.
We hypothesize some aggregate preference
relation that somehow combines each of
the theories, place reasonable constraints
on it, and see what follows from these con-
straints. Implicit in all these approaches is
some “meta-planner” whose authority is
acknowledged by devotees of all theories.
All actors cede authority to this meta-plan-
ner, who makes a collective choice on their
behalf. In this section we discuss an alter-
native approach to dealing with normative
disagreements about intertemporal welfare
functions. The model we discuss in this
section dispenses with any meta-planner;

(1+0w) u(pr) = (14 0w)” Zwo ;(p1)
N

= Z; [wg)(l +6) + w(lo]ui(pl)
= (1 + o)

= (1+6) 7"+ wﬁ”/wé“
> (14 6)"

where we've again used linear independence and equated
coefficients. Thus we find dyy < min;J;.
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agents retain complete sovereignty over
their own normative judgments and are
free to choose all the normative parameters
of their welfare functions idiosyncratically.
We only require them to exhibit a certain
openness of mind—advocates of each nor-
mative theory are required to admit the
possibility of a future change of heart, and
to form their current normative judgments
with one eye on their possible future selves.
Following Millner (2020), planners who do
this will be called “nondogmatic.”

More formally, we once again assume a set
of N history-independent theories of inter-
temporal social welfare, represented by the

welfare functions V@(C) defined on deter-
ministic consumption paths ¢ (see Jaakkola
and Millner (2022) for a detailed treatment
of a version of this model with stochastic
consumption). Nondogmatic social time
preferences can be written in the following
recursive form:

(49) Vi = Fi(c, VL, ....VY,,

1 N
Vi VN, ),

where there exists a ¢ > 0 such that the
functions F' are strictly increasing in V., for
all j = 1,...,N. The interpretation of this
restriction on preferences is as follows: each
planner at time 7 favors her own idiosyncratic
theory of intertemporal social welfare, but
admits the possibility that her normative views
may change in the future, that is, a future self
may advocate one of the other plausible the-
ories. Each planner is nondogmatic—instead
of imposing their current preferred theory
on their future selves, they internalize the
preferences of future selves. Current pref-
erences depend directly on the preferences
that future selves may advocate, and not just
on future consumption values according to
the current self’s preferred theory. Finally,
nondogmatism is persistent: planners are
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always nondogmatic. Internalization and
persistence together yield a recursive pref-
erence system in which current prefer-
ences depend on future preferences, each
of which is in turn recursively defined. Note
that although nondogmatic planners are
required to admit the possibility of a future
change of heart and internalize future pref-
erences, the functions F'(-) are idiosyncratic.
They are thus free to advocate their pre-
ferred theory of intertemporal social welfare
unequivocally.

If we assume further that preferences are
additively time separable it can be shown
that this implies that

00 N N
Vi= Ule,) + ) B8)_wi Vi,
=1 j=1

where 3! > O,wfgi > Oforallt = 1,...,00,
i,j = 1,...,N, and the intratemporal weights
wy satisfy Z]Iil w; = 1 for all i. This inter-
dependent preference system defines time
preferences that are complete on the set of
bounded utility streams and are increasing
in all utilities if the coefficients 3; satisfy
max; Y %, Bi < 1. We assume this condition
from now on. The central result of Millner
(2020) is as follows:

Theorem 2. Assume that planners’ prefer-
ences satisfy (49), and let p} be the social dis-
count rate at maturity t according to planner
i. Then

tlim Pl = tlim pl!
forall ij € {1,...,N}.

In words, all nondogmatic planners agree
on the long-run social discount rate, despite
arbitrary disagreements about the coeffi-
cients 3},w; and utility functions U'( - ). The
consensus long-run discount rate involves a
nontrivial mixture of the preference parame-
ters of all planners (see footnote 53).
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Although this result may be surprising at
first, it has an intuitive origin. Suppose that
the planners only place positive weight on
selves one time step ahead, that is, 8; = 0
for t > 1. To understand these planners’
attitudes to consumption at some future time
T+ ¢, notice that only planners at 7+t care
directly about consumption in that period.
Planners at time 7+ ¢ — 1 care directly about
consumption in period 7+¢ — 1, but indi-
rectly about consumption in period 7+ ¢ via
a mixture of the preferences of the selves at
time 7+ ¢. After ¢ steps back to the present,
planners’ concerns about 74 ¢ are mediated
through ¢ iterations of a mixing operator that
blends their intertemporal weights and acts
on utilities at time 7+ ¢. As ¢ becomes large,
this mixing process converges and all plan-
ners’ utility weights decline at the same geo-
metric rate. In addition, marginal utilities at
large maturities are dominated by the plan-
ner whose marginal utility function decreases
slowest for large (small) consumption values
if asymptotic consumption growth is positive
(negative). Thus, in the limit as ¢ — oo, all
planners agree on both the rate of decline
of utility weights and on the rate of decline
of marginal utility, that is, they agree on the
social discount rate.”

53For example, suppose that there are only two plan-
ners, and that 3; = 0fort > 1, and define

< glwlt gl —w ~ll)>
51(1 *lbl ) 5%“12 .

Then we can write (49) in this example as

Vi _ Ui<c> LF Vi) _ iFt U.l(c,_ﬁ) ,

V2 U¥(c,) V2 =0 \U*c,y)
where 81,63, wi,w € (0,1). Let (1 + A(F))il be the
largest eigenvalue of F—this quantity depends on all
the elements of F. The Perron-Frobenius theorem

t

tells us that lim, [1 +)\(F)] F' — A > 0, where
A is a constant matrix. Assuming that (U')(c) = ¢,
and that consumption growth is a constant g > 0,

the intertemporal marginal rate of substitution (MRS)
according to planner i at maturity ¢ is proportional to

Journal of Economic Literature, Vol. LXI (September 2023)

Figure 5 |demonstrates the effects of non-
dogmatism on disagreements about (risk-
free) discount rates at different maturities.
The analysis in this figure calibrates the
model in (49) to the survey data in figure 3
and calculates the distribution of recom-
mended discount rates at each maturity as a
function of a parameter x that measures the
“degree” of nondogmatism. The value of x is
the probability that each planner sticks with
their preferred theory in the next year, so for
example,x = 2.5% corresponds to a change
in views roughly once every 40 years on aver-
age. The figure shows that even with a mild
degree of humility built into the preferences
of diverse planners, nondogmatism may still
yield substantial reductions in disagreement
about how to value payoffs at medium to long
maturities. As it is precisely at these long
maturities where normative disagreements
have the biggest effect on project evaluation,
nondogmatism achieves consensus where it
is needed most.

5. Conclusion

There are not many easy takeaways from
our presentation of the issues involved
in setting social discount rates—if any-
thing our discussion shows that this task is
in some ways more freighted with techni-
cal, ethical, and practical challenges than is
commonly appreciated. Nevertheless, the

=
as t — oo. Hence

SR+ M) Ayfer (1 + )
planner i’s (rlsk free) consumption discount rate (the rate
of decay of the MRS) obeys

Jim pi = [1+A(F)](1+g)"™" =1

Q

AF) + min;g,

which is independent of i. Millner (2020) extends this
finding in numerous directions assuming consumption
is exogenous, and Jaakkola and Millner (2022) extend it
to state-contingent consumption plans, which may be
endogenous.
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Figure 5. Effects of Nondogmatism on Disagreements about Discount Rates

Notes: The figure depicts the 5-95 percent range of recommended values for the (risk-free) social discount
rate, as a function of maturity (¢), and the “degree” of nondogmatism (x, the annual chance of switching to an
alternative normative theory). Reproduced from Millner (2020). Copyright American Economic Association;
reproduced with permission of the American Economoic Review.

needs of policy analysis trump any intel-
lectual paralysis that these challenges may
induce: we must grapple with them for the
sake of our descendants. We close with some
brief recommendations that summarize our
findings.

First, the market-based approach is
unlikely to be fit for purpose, especially
when it comes to setting discount rates for
payoffs that occur in the distant future. We
showed that this approach entails substan-
tive normative assumptions—about how
to aggregate payoffs across individuals, the
welfare significance of prices, and the con-
sequences of heterogeneous beliefs—even
in the highly optimistic case of perfect mar-
kets. Moreover, the perfect market assump-
tion itself is almost surely untenable; market
incompleteness and the presence of exter-
nalities are, in our view, serious challenges

to this assumption in the context of long-
term discounting. Nevertheless, if govern-
ments insist on using this approach despite
its shortcomings, they should do so in a
manner that is consistent with the basics of
asset pricing. Discount rates should reflect
current market prices (e.g., the current yield
curve for index-linked government bonds),
should probably vary with maturity, and to
the extent possible, should adjust for the cor-
relations between project-specific risks and
aggregate consumption risks.

Second, while the normative approach
avoids the pitfalls of market perfectionism,
it too suffers from serious implementation
difficulties. While arguments for appropri-
ate values of normative parameters (e.g., ¢
and 7 in the EEDU framework) are some-
times presented as faits accomplis, we believe
that the debate on these matters within the
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community remains largely unresolved for a
reason: this is the kind of thing about which
reasonable people can reasonably disagree.
Indeed, in some ways the normative debate
has arguably been too narrow—should inter-
temporal social preferences even be EEDU,
and if not which alternatives might be more
attractive? There are many developments in
decision theory and welfare economics—for
instance, on the treatment of uncertainty
—that are relevant to this question, but not
often discussed in this context. The norma-
tive approach closes the door on one source
of contention, but opens several windows on
others.

Third, the zoo of potential options for
making normative distributive judgments
across time should not intimidate us. Rather,
we should recognize the irreducible nature
of disagreements on these issues, and seek
methods for achieving consensus that
respect individual views, but still provide
practical tools for policy analysis. The meth-
ods of social choice—broadly conceived—
hold promise for this endeavor, but there is
much still to be done to flesh them out and
apply them to this crucial problem. One
quite robust finding of existing aggregation
methods is that long-run risk-free discount
rates should likely be very low. Indeed, all of
the models we discussed—utilitarian aggre-
gation, intergenerational Pareto, and non-
dogmatic discounting—require that one or
both of the normative parameters that enter
the standard Ramsey rule should be as low
as, or lower than, the lowest value that is rec-
ommended by any individual or normative
theory. With so many arrows pointing in the
same direction, the burden of proof required
to overturn this recommendation is likely
substantial.

REFERENCES
Acemoglu, Daron. 2008. Introduction to Modern Eco-

nomic Growth. Princeton, NJ: Princeton University
Press.

Journal of Economic Literature, Vol. LXI (September 2023)

» Adams, Abi, Laurens Cherchye, Bram De Rock, and
Ewout Verriest. 2014. “Consume Now or Later?
Time Inconsistency, Collective Choice, and Revealed
Preference.” American Economic Review 104 (12):
4147-83.

P Antras, Pol, Alonso de Gortari, and Oleg Itskhoki. 2017.
“Globalization, Inequality, and Welfare.” Journal of
International Economics 108: 387-412.

P Arrow, Kenneth, et al. 2013. “Determining Benefits
and Costs for Future Generations.” Science 341
(6144): 349-50.

Arrow, Kenneth J. 1999. “Discounting, Morality, and
Gaming.” In Discounting and Intergenerational
Equity, edited by Paul R. Portney and John P. Wey-
ant, 13-22. New York: Resources for the Future.

P Arrow, Kenneth |., et al. 2014. “Should Governments
Use a Declining Discount Rate in Project Analysis.”
Review of Environmental Economics and Policy 8
(2): 145-63.

» Arrow, Kenneth J., Partha Dasgupta, and Karl-Goran
Maler. 2003. “Evaluating Projects and Assessing Sus-
tainable Development in Imperfect Economies.”
Environmental and Resource Economics 26 (4):
647-85.

Arrow, Kenneth J., and Mordecai Kurz. 1970. Public
Investment, the Rate of Return, and Optimal Fiscal
Policy. Washington, DC: Resources for the Future
Press.

Arrow, Kenneth J., and Robert C. Lind. 1970. “Uncer-
tainty and the Evaluation of Public Investment Deci-
sions.” American Economic Review 60 (3): 364-78.

P Asheim, Geir B. 2010. “Intergenerational Equity.”
Annual Review of Economics 2: 197-222.

» Asheim, Geir B., and Wolfgang Buchholz. 2003. “The
Malleability of Undiscounted Utilitarianism as a Cri-
terion for Intergenerational Justice.” Economica 70
(279): 405-22.

Backus, David K., Bryan R. Routledge, and Stanley
E. Zin. 2004. “Exotic Preferences for Macroecon-
omsits.” In NBER Macroeconomics Annual, Vol. 19,
edited by Mark Gertler and Kenneth Rogoff, 319
90. Cambridge, MA: MIT Press.

P Bakkensen, Laura, and Lint Barrage. 2022. “Going
under Water? Flood Risk Belief Heterogeneity and
Coastal Home Price Dynamics.” Review of Financial
Studies 35 (8): 3666-3709.

P Bansal, Ravi, and Amir Yaron. 2004. “Risks for the Long
Run: A Potential Resolution of Asset Pricing Puz-
zles.” Journal of Finance 59 (4): 1481-1509.

» Barrage, Lint. 2018. “Be Careful What You Calibrate
For: Social Discounting in General Equilibrium.”
Journal of Public Economics 160: 33-49.

Baumol, William J. 1968. “On the Social Rate of Dis-
count.” American Economic Review 58 (4): 788-802.

» Benartzi, Shlomo, and Richard Thaler. 2007. “Heuristics


http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jpubeco.2018.02.012&citationId=p_15
http://pubs.aeaweb.org/action/showLinks?system=10.1257%2Fjep.21.3.81&citationId=p_17
http://pubs.aeaweb.org/action/showLinks?crossref=10.1146%2Fannurev.economics.102308.124440&citationId=p_10
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jinteco.2017.07.009&citationId=p_3
http://pubs.aeaweb.org/action/showLinks?crossref=10.1111%2Fj.1540-6261.2004.00670.x&citationId=p_14
http://pubs.aeaweb.org/action/showLinks?crossref=10.1023%2FB%3AEARE.0000007353.78828.98&citationId=p_7
http://pubs.aeaweb.org/action/showLinks?system=10.1257%2Faer.104.12.4147&citationId=p_2
http://pubs.aeaweb.org/action/showLinks?crossref=10.1111%2F1468-0335.t01-1-00290&citationId=p_11
http://pubs.aeaweb.org/action/showLinks?crossref=10.1126%2Fscience.1235665&citationId=p_4
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Frfs%2Fhhab122&citationId=p_13
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Freep%2Freu008&citationId=p_6

Millner and Heal: Choosing the Future

and Biases in Retirement Savings Behavior.” Journal
of Economic Perspectives 21 (3): 81-104.

»Bernheim B. Douglas. 1989. “Intergenerational Altru-
ism, Dynastic Equilibria, and Social Welfare.” Review
of Economic Studies 56 (1):119-28.

Berry, Steven T., and Philip A. Haile. 2021. “Founda-
tions of Demand Estimation.” NBER Working Paper
29305.

Blackorby, Charles, Walter Bossert, and David J. Don-
aldson. 2005. Population Issues in Social Choice The-
ory, Welfare Economics, and Ethics. Econometric
Society Monographs. Cambridge, UK: Cambridge
University Press.

’Blackorby, Charles, and David Donaldson. 1990. “A
Review Article: The Case against the Use of the Sum
of Compensating Variations in Cost-Benefit Analy-
sis.” Canadian Journal of Economics 23 (3): 471-94.

» Boadway, Robin W. 1974. “The Welfare Foundations of
Cost-Benefit Analysis.” Economic Journal 84 (336):
926-39.

Bradford, David F. 1975. “Constraints on Govern-
ment Investment Opportunities and the Choice of
Discount Rate.” American Economic Review 65 (5):
887-99.

Broome, John. 2004. “The Value of Living Longer.” In
Public Health, Ethics, and Equity, edited by Sudhir
Anand, Fabienne Peter, and Amartya Sen, 243-60.
Oxford: Oxford University Press.

Broome, John. 2012. Climate Matters: Ethics in a Warm-
ing World. New York: W. W. Norton and Company.

» Brunnermeier, Markus, Alp Simsek, and Wei Xiong.
2014. “A Welfare Criterion For Models With Dis-
torted Beliefs.” Quarterly Journal of Economics 129
(4): 1753-97.

»Calvo, Guillermo A., and Maurice Obstfeld. 1988.
“Optimal Time-Consistent Fiscal Policy with Finite
Lifetimes.” Econometrica 56 (2): 411-32.

»Campbell, John Y., and John H. Cochrane. 1999. “By
Force of Habit: A Consumption-Based Explanation
of Aggregate Stock Market Behavior.” Journal of
Political Economy 107 (2): 205-51.

’Caplin, Andrew, and John Leahy. 2004. “The Social
Discount Rate.” Journal of Political Economy 112
(6): 1257-68.

Carleton, Tamma, and Michael Greenstone. 2021.
“Updating the United States Governments Social
Cost of Carbon.” Energy Policy Institute at the
University of Chicago Working Paper 2021-04.

»Chambers, Christopher P, and Federico Echenique.
2018. “On Multiple Discount Rates.” Econometrica
86 (4): 1325-46.

» Chichilnisky, Graciela, Peter J. Hammond, and Nich-
olas Stern. 2020. “Fundamental Utilitarianism and
Intergenerational Equity with Extinction Discount-
ing.” Social Choice and Welfare 54: 397-427.

1085

»Cohen, Jonathan, Keith Marzilli Ericson, David Laib-
son, and John Myles White. 2020. “Measuring Time
Preferences.” Journal of Economic Literature 58 (2):
299-347.

»Collard, Fabrice, Sujoy Mukerji, Kevin Sheppard, and
Jean-Marc Tallon. 2018. “Ambiguity and the Histori-
cal Equity Premium.” Quantitative Economics 9 (2):
945-93.

Council of Economic Advisers. 2017. “Discounting
for Public Policy: Theory and Recent Evidence on
the Merits of Updating the Discount Rate.” https://
obamawhitehouse.archives.gov/sites/default/files/
page/files/201701_cea_discounting_issue_brief.pdf.

>Cropper, Maurice L., Mark C. Freeman, Ben Groom,
and William A. Pizer. 2014. “Declining Discount
Rates.” American Economic Review 104 (5): 538—43.

P Dasgupta, Partha. 2008. “Discounting Climate Change.”
Journal of Risk and Uncertainty 37 (2): 141-69.

Dasgupta, Partha, Stephen Marglin, and Amartya Sen.
1972. Guidelines for Project Evaluation. New Yok:
United Nations.

» Diamond, Peter A. 1965. “The Evaluation of Infinite
Utility Streams.” Econometrica 33 (1): 170-77.

Dreze, Jean, and and Nicholas Stern. 1987. “The The-
ory of Cost-Benefit Analysis.” In Handbook of Public
Economics, Vol. 2, edited by Alan Auerbach and Mar-
tin Feldstein, 909-89. Amsterdam: North-Holland.

’Drupp, Mortiz A., Mark C. Freeman, Ben Groom,
and Frikk Nesje. 2018. “Discounting Disentangled.”
American Economic Journal: Economic Policy 10 (4):
109-34.

Eden, Maya. 2021. “The Cross-Sectional Implications
of the Social Discount Rate.” Global Priorities Insti-
tute Working Paper 12-2021

P Fama, Eugene F., and Kenneth R. French. 2004. “The
Capital Asset Pricing Model: Theory and Evidence.”
Journal of Economic Perspectives 18 (3): 25-46.

» Farhi, Emmanuel, and Ivin Werning. 2007. “Inequality
and Social Discounting.” Journal of Political Econ-
omy 115 (3): 365-402.

P Feldstein, M. S. 1964. “The Social Time Preference
Discount Rate in Cost Benefit Analysis.” Economic
Journal T4 (294): 360-79.

P FFeng, Tangren, and Shaowei Ke. 2018. “Social Discount-
ing and Intergenerational Pareto.” Econometrica 86
(5): 1537-67.

»Feng, Tangren, Shaowei Ke, and Andrew McMillan.
2022. “Utilitarianism and Social Discounting with
Countably Many Generations.” Journal of Mathe-
matical Economics 98: Article 102576.

Fleurbaey, Marc, and Peter Hammond. 2004. Inter-
personallly Comparable Utility. In Handbook of
Utility Theory, edited by Salvador Barbera, Peter
Hammond, and Christian Seidl, 1179-1285. Boston:
Springer.


https://obamawhitehouse.archives.gov/sites/default/files/page/files/201701_cea_discounting_issue_brief.pdf
https://obamawhitehouse.archives.gov/sites/default/files/page/files/201701_cea_discounting_issue_brief.pdf
https://obamawhitehouse.archives.gov/sites/default/files/page/files/201701_cea_discounting_issue_brief.pdf
https://obamawhitehouse.archives.gov/sites/default/files/page/files/201701_cea_discounting_issue_brief.pdf
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jmateco.2021.102576&citationId=p_47
http://pubs.aeaweb.org/action/showLinks?system=10.1257%2Fjel.20191074&citationId=p_33
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Fqje%2Fqju025&citationId=p_26
http://pubs.aeaweb.org/action/showLinks?crossref=10.1086%2F518741&citationId=p_44
http://pubs.aeaweb.org/action/showLinks?crossref=10.1086%2F250059&citationId=p_28
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F135643&citationId=p_21
http://pubs.aeaweb.org/action/showLinks?crossref=10.1007%2Fs11166-008-9049-6&citationId=p_37
http://pubs.aeaweb.org/action/showLinks?crossref=10.3982%2FECTA15011&citationId=p_46
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F1911893&citationId=p_39
http://pubs.aeaweb.org/action/showLinks?crossref=10.1007%2Fs00355-019-01236-z&citationId=p_32
http://pubs.aeaweb.org/action/showLinks?system=10.1257%2Fpol.20160240&citationId=p_41
http://pubs.aeaweb.org/action/showLinks?crossref=10.3982%2FQE708&citationId=p_34
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F2297753&citationId=p_18
http://pubs.aeaweb.org/action/showLinks?system=10.1257%2F0895330042162430&citationId=p_43
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F1911079&citationId=p_27
http://pubs.aeaweb.org/action/showLinks?system=10.1257%2Faer.104.5.538&citationId=p_36
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F2228484&citationId=p_45
http://pubs.aeaweb.org/action/showLinks?crossref=10.1086%2F424740&citationId=p_29
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F2230574&citationId=p_22
http://pubs.aeaweb.org/action/showLinks?crossref=10.3982%2FECTA14866&citationId=p_31

1086

» Fleurbaey, Marc, and Bertil Tungodden. 2010. “The
Tyranny of Non-Aggregation versus the Tyranny of
Aggregation in Social Choices: A Real Dilemma.”
Economic Theory 44: 399-414.

>F leurbaey, Marc, and Stéphane Zuber. 2015.
“Discounting, Risk and Inequality: A General
Approach.” Journal of Public Economics 128: 34-49.

P Geanakoplos, John. 1990. “An Introduction to General
Equilibrium with Incomplete Asset Markets.” Jour-
nal of Mathematical Economics 19 (1-2): 1-38.

P Geanakoplos, John D., and Heraklis M. Polemarchakis.
1986. “Existence, Regularity, and Constrained Sub-
optimality of Competitive Allocations When the
Asset Market Is Incomplete.” In Uncertainty, Infor-
mation, and Communication: Essays in Honor of
Kenneth J. Arrow, Vol 3, edited by Walter P. Heller,
Ross M. Starr, and David A. Starrett, 98-96. Cam-
bridge, UK: Cambridge University Press.

» Ghirardato, Paolo. 2002. “Revisiting Savage in a Condi-
tional World.” Economic Theory 20 (1): 83-92.

»Ciglio, Stefano, Matteo Maggiori, Krishna Rao,
Johannes Stroebel, and Andreas Weber. 2021. “Cli-
mate Change and Long-Run Discount Rates: Evi-
dence from Real Estate.” Review of Financial Studies
34 (8): 3527-71.

» Giglio, Stefano, Matteo Maggiori, and Johannes Stro-
ebel. 2015. “Very Long-Run Discount Rates.” Quar-
terly Journal of Economics 130 (1): 1-53.

»Gilboa, Itzhak, Larry Samuelson, and David
Schmeidler. 2014. “No-Betting-Pareto Dominance.”
Econometrica 82 (4): 1405-42.

P Gilboa, Itzhak, and David Schmeidler. 1989. “Maxmin
Expected Utility with Non-unique Prior.” Journal of
Mathematical Economics 18 (2): 141-53.

» Gollier, Christian. 2010. “Ecological Discounting.”
Journal of Economic Theory 145 (2): 812-29.

Gollier, Christian, Luc Baumstark, and Pierre Fery.
2011. Le calcul du risque dans les investissements
publics. Paris: Centre d’Analyse Strategique.

Gollier, Christian. 2012. Pricing the Planet’s Future:
The Economics of Discounting in an Uncertain
World. Princeton, NJ: Princeton University Press.

Gollier, Christian. 2018. Ethical Asset Valuation and
the Good Society. Kenneth J. Arrow Lecture Series.
New York: Columbia University Press.

Gollier, Christian. 2022. “The Welfare Cost of Ignoring
the Beta.” https:/www.tse-fr.eu/sites/default/files/
TSE/documents/doc/by/gollier/forget6.pdf.

» CGollier, Christian, and James K. Hammitt. 2014. “The
Long-Run Discount Rate Controversy.” Annual
Review of Resource Economics 6: 273-95.

» Gollier, Christian, and Richard Zeckhauser. 2005.
“Aggregation of Heterogeneous Time Preferences.”
Journal of Political Economy 113 (4): 878-896.

»Gorman, W. M. 1953. “Community Preference Fields.”

Journal of Economic Literature, Vol. LXI (September 2023)

Econometrica 21 (1): 63-80.

» Greaves, Hilary. 2017. “Discounting for Public Policy: A
Survey.” Economics and Philosophy 33 (3): 391-439.

»Groom, Ben, and Cameron Hepburn. 2017. “Reflec-
tions—Looking Back at Social Discounting Policy:
The Influence of Papers, Presentations, Political
Preconditions, and Personalities.” Review of Envi-
ronmental Economics and Policy 11 (2): 336-356.

» Groom, Ben, Cameron Hepburn, Phoebe Koundouri,
and David Pearce. 2005. “Declining Discount Rates:
The Long and the Short of 1t.” Environmental and
Resource Economics 32 (4): 445-93.

»Gueant, Olivier, Roger Guesnerie, and Jean-Michel
Lasry. 2012. “Ecological Intuition versus Economic
‘Reason.” Journal of Public Economic Theory 14 (2):
245-72.

Hammond, Peter J., and Horst Zank. 2014. “Rational-
ity and Dynamic Consistency under Risk and Uncer-
tainty.” In Handbook of the Economics of Risk and
Uncertainty, Vol. 1, edited by Mark Machina and Kip
Viscusi, 41-97. Amsterdam: North-Holland.

P Harsanyi, John C. 1955. “Cardinal Welfare, Individual-
istic Ethics, and Interpersonal Comparisons of Util-
ity.” Journal of Political Economy 63 (4): 309-321.

Hayek, F. A. 1945. “The Use of Knowledge in Society.”
American Economic Review 35 (4): 519-30.

Heal, Geoffrey. 2005. “Intertemporal Welfare Eco-
nomics and the Environment.” In Handbook of Envi-
ronmental Economics, Vol. 3, edited by Karl-Géran
Miiler and Jeffrey R. Vincent, 1105-45. Amsterdam:
North-Holland.

» Heal, Geoffrey M., and Antony Millner. 2014. “Agree-
ing to Disagree on Climate Policy.” Proceedings of
the National Academy of Sciences 111 (10): 3695-98.

» Hendren, Nathaniel. 2020. “Measuring Economic Effi-
ciency Using Inverse-Optimum Weights.” Journal of
Public Economics 187: Article 104198.

P Jaakkola, Niko, and Antony Millner. 2022. “Nondogmatic
Climate Policy.” Journal of the Association of Environ-
mental and Resource Economists 9 (4): 807-41.

P Jackson, Matthew O., and Leeat Yariv. 2015. “Collective
Dynamic Choice: The Necessity of Time Inconsis-
tency.” American Economic Journal: Microeconomics
7 (4): 150-78.

»Johnsen, Thore H., and John B. Donaldson. 1985.
“The Structure of Intertemporal Preferences under
Uncertainty and Time Consistent Plans.” Economet-
rica 53 (6): 1451-1458.

»Jouini, Elyes, Jean-Michel Marin, and Clotilde Napp.
2010. “Discounting and Divergence of Opinion.”
Journal of Economic Theory 145 (2): 830-59.

» Koopmans, Tjalling C. 1960. “Stationary Ordinal Utility
and Impatience.” Econometrica 28 (2): 287-309.

Lind, Robert C., et al. 1982. Discounting for Time and
Risk in Energy Policy. New York: Resources for the


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=web&cd=&ved=0CDgQw7AJahcKEwi4osjdgYyAAxUAAAAAHQAAAAAQAw&url=https%3A%2F%2Fwww.tse-fr.eu%2Fsites%2Fdefault%2Ffiles%2FTSE%2Fdocuments%2Fdoc%2Fby%2Fgollier%2Fforget6.pdf&psig=AOvVaw2PW23qAhq7ijDsiR0wXtxK&ust=1689349040361185&opi=89978449
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=web&cd=&ved=0CDgQw7AJahcKEwi4osjdgYyAAxUAAAAAHQAAAAAQAw&url=https%3A%2F%2Fwww.tse-fr.eu%2Fsites%2Fdefault%2Ffiles%2FTSE%2Fdocuments%2Fdoc%2Fby%2Fgollier%2Fforget6.pdf&psig=AOvVaw2PW23qAhq7ijDsiR0wXtxK&ust=1689349040361185&opi=89978449
http://pubs.aeaweb.org/action/showLinks?crossref=10.3982%2FECTA11281&citationId=p_56
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F1906943&citationId=p_65
http://pubs.aeaweb.org/action/showLinks?crossref=10.1007%2Fs00199-009-0462-0&citationId=p_49
http://pubs.aeaweb.org/action/showLinks?crossref=10.1073%2Fpnas.1315987111&citationId=p_74
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jet.2009.10.001&citationId=p_58
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2F0304-4068%2890%2990034-7&citationId=p_51
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Freep%2Frex015&citationId=p_67
http://pubs.aeaweb.org/action/showLinks?crossref=10.1086%2F719237&citationId=p_76
http://pubs.aeaweb.org/action/showLinks?crossref=10.1007%2Fs001990100188&citationId=p_53
http://pubs.aeaweb.org/action/showLinks?crossref=10.1111%2Fj.1467-9779.2011.01541.x&citationId=p_69
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F1913219&citationId=p_78
http://pubs.aeaweb.org/action/showLinks?crossref=10.1086%2F257678&citationId=p_71
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Fqje%2Fqju036&citationId=p_55
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F1907722&citationId=p_80
http://pubs.aeaweb.org/action/showLinks?crossref=10.1086%2F430853&citationId=p_64
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2F0304-4068%2889%2990018-9&citationId=p_57
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jpubeco.2015.05.003&citationId=p_50
http://pubs.aeaweb.org/action/showLinks?crossref=10.1017%2FS0266267117000062&citationId=p_66
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jpubeco.2020.104198&citationId=p_75
http://pubs.aeaweb.org/action/showLinks?crossref=10.1017%2FCBO9780511983566.007&citationId=p_52
http://pubs.aeaweb.org/action/showLinks?crossref=10.1007%2Fs10640-005-4681-y&citationId=p_68
http://pubs.aeaweb.org/action/showLinks?system=10.1257%2Fmic.20140161&citationId=p_77
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Frfs%2Fhhab032&citationId=p_54
http://pubs.aeaweb.org/action/showLinks?crossref=10.1146%2Fannurev-resource-100913-012516&citationId=p_63
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jet.2010.01.002&citationId=p_79

Millner and Heal: Choosing the Future

Future Press.

Little, I. M. D., and J. A. Mirrlees. 1974. Project
Appraisal and Planning for Developing Countries.
London: Heinemann.

MacAskill, William, Krister Bykvist, and Toby Ord.
2020. Moral Uncertainty. New York: Oxford Univer-
sity Press.

Machina, Mark J. 1989. “Dynamic Consistency and
Non-expected Utility Models of Choice Under
Uncertainty.” Journal of Economic Literature 27 (4):
1622-68.

P Marglin, Stepehen A. 1963. “The Social Rate of Dis-
count and The Optimal Rate of Investment.” Quar-
terly Journal of Economics 77 (1): 95-111.

Mas-Colell, Andreu, Michael D. Whinston, and Jerry
R. Green. 1995. Microeconomic Theory. New York:
Oxford University Press.

> Millner, Antony. 2020. “Nondogmatic Social Discount-
ing.” American Economic Review 110 (3): 760-75.

» Millner, Antony, and Geoffrey Heal. 2018a. “Discount-
ing by Commiittee.” Journal of Public Economics 167:
91-104.

»Millner, Antony, and Geoffrey Heal. 2018b. “Time
Consistency and Time Invariance in Collective Inter-
temporal Choice.” Journal of Economic Theory 176:
158-69.

» Millner, Antony, and Héléne Ollivier. 2016. “Beliefs,
Politics, and Environmental Policy.” Review of Envi-
ronmental Economics and Policy 10 (2): 226-244.

» Mongin, Philippe. 2016. “Spurious Unanimity and the
Pareto Principle.” Economics and Philosophy 32 (3):
511-32.

Portney, Paul R., and John P. Weyant, eds. 1999. Dis-
counting and Intergenerational Equity. New York:
Resources for the Future Press.

»Quiggin, John. 2012. “Equity between Overlapping
Generations.” Journal of Public Economic Theory 14
(2): 273-283.

Quinet, E. 2013. “Cost Benefit Assessment of Public
Investments.” Commissariat general a la strategie et
a la prospective.

P Ramsey, F. P. 1928. “A Mathematical Theory of Saving.”
Economic Journal 38 (152): 543-59.

P Ricke, Katharine L. and Ken Caldeira. 2014.
“Maximum Warming Occurs about One Decade
after a Carbon Dioxide Emission.” Environmental
Research Letters 9 (12): Article 124002.

»Sandmo, Agnar, and Jacques H. Dréze. 1971. “Dis-
count Rates for Public Investment in Closed and
Open Economies.” Economica 38 (152): 395-412.

1087

»Schneider, Maik T., Christian P. Traeger, Ralph Win-
kler. 2012. “Trading Off Generations: Equity,
Discounting, And Climate Change.” European Eco-
nomic Review 56 (8): 1621-44.

Sen, Amartya. 2010. The Idea of Justice. London:
Penguin.

»Severen, Christopher, Christopher Cotello, and Oliv-
ier Deschénes. 2018. “A Forward-Looking Ricard-
ian Approach: Do Land Markets Capitalize Climate
Change Forecasts?” Journal of Environmental Eco-
nomics and Management 89: 235-54.

Sidgwick, Henry. 1874. The Method of Ethics. London:
Macmillan and Co.

» Skinner, Jonathan. 2007. “Are You Sure You're Saving
Enough for Retirement?” Journal of Economic Per-
spectives 21 (3): 59-80.

» Solomon, Susan, Gian-Kasper Plattner, Reto Knutti,
and Pierre Friedlingstein. 2009. “Irreversible Cli-
mate Change due to Carbon Dioxide Emissions.”
Proceedings of the National Academy of Sciences 106
(6): 1704-09.

Stern, Nicholas. 2007. The Economics of Climate
Change: The Stern Review. Cambridge, UK: Cam-
bridge University Press.

»Strotz, R. H. 1955. “Myopia and Inconsistency in
Dynamic Utility Maximization.” Review of Economic
Studies 23 (3): 165-80.

P Traeger, Christian. 2011. “Sustainability, Limited
Substitutability, and Non-constant Social Discount
Rates.” Journal of Environmental Economics and
Management 62 (2): 215-28.

P Traeger, Christian. 2014. “Why Uncertainty Matters:
Discounting under Intertemporal Risk Aversion and
Ambiguity.” Economic Theory 56 (3): 627-64.

Tsyvinski, Aleh, and Nicholas Werquin. 2017. “Gen-
eralized Compensation Principle.” Working Paper
23509.

van der Ploeg, Rick. 2020. “Discounting and Climate
Policy.” CESifo Working Paper 8441.

»Varian, Hal R. 1982. “The Nonparametric Approach to
Demand Analysis.” Econometrica 50 (4): 945-93.

Varian, Hal R. 1992. Microeconomic Analysis. 3rd ed.
W. W. NewYork: Norton and Company.

P Weitzman, Martin L. 1998. “Why the Far-Distant
Future Should Be Discounted at Its Lowest Possi-
ble Rate.” Journal of Environmental Economics and
Management 36 (3): 201-08.

»Weitzman, Martin L. 2001. “Gamma Discounting.”
American Economic Review 91 (1): 260-271.


http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F2295722&citationId=p_105
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jpubeco.2018.09.005&citationId=p_88
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F2551880&citationId=p_97
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Freep%2Frew010&citationId=p_90
http://pubs.aeaweb.org/action/showLinks?crossref=10.1007%2Fs00199-014-0800-8&citationId=p_107
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jeem.2018.03.009&citationId=p_100
http://pubs.aeaweb.org/action/showLinks?system=10.1257%2Fjep.21.3.59&citationId=p_102
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F1879374&citationId=p_85
http://pubs.aeaweb.org/action/showLinks?system=10.1257%2Faer.20161007&citationId=p_87
http://pubs.aeaweb.org/action/showLinks?system=10.1257%2Faer.91.1.260&citationId=p_113
http://pubs.aeaweb.org/action/showLinks?crossref=10.1088%2F1748-9326%2F9%2F12%2F124002&citationId=p_96
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jeem.2011.02.001&citationId=p_106
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jet.2018.03.002&citationId=p_89
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.euroecorev.2012.08.006&citationId=p_98
http://pubs.aeaweb.org/action/showLinks?crossref=10.1017%2FS0266267115000371&citationId=p_91
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F1912771&citationId=p_110
http://pubs.aeaweb.org/action/showLinks?crossref=10.1111%2Fj.1467-9779.2011.01540.x&citationId=p_93
http://pubs.aeaweb.org/action/showLinks?crossref=10.1073%2Fpnas.0812721106&citationId=p_103
http://pubs.aeaweb.org/action/showLinks?crossref=10.1006%2Fjeem.1998.1052&citationId=p_112
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F2224098&citationId=p_95

	Choosing the Future: Markets, Ethics, and Rapprochement in Social Discounting
	1. Introduction
	2. What Can We Learn from the Markets?
	2.1	Project Appraisal in a Perfect Economy
	2.2	Which Market Rates?
	2.3	Critiques of the Welfare Significance of Prices in Perfect Markets
	2.3.1	�Limitations of Revealed Preference in Dynamic Contexts
	2.3.2	Intergenerational Issues
	2.3.3	Belief Heterogeneity
	2.3.4	Implications for Cost-Benefit Analysis

	2.4	Market Imperfections and Their Implications
	2.4.1	Missing Prices
	2.4.2	�Prices, Preferences, and Non-marginal Policy Instruments


	3. Normative Discounting
	3.1	Welfarism and Planner Preferences
	3.2	Normative Discount Rates for the Expected EDU Model
	3.3	Properties of EDU Time Preferences
	3.4 Calibrating ​δ​ and ​η​: Ethical Arguments
	3.5 �Project Evaluation in Imperfect Economies

	4. Rapprochement: Social Choice and 
Social Discounting
	4.1 Utilitarian Aggregation
	4.2 Intergenerational Pareto
	4.3 Nondogmatic Social Discounting

	5. Conclusion
	References


