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Discount Rate and Social Cost of Carbon in the U.S.

The Social Cost of Carbon (SCC) in the U.S. as a function of
the Discount Rate (DR).

52$/tCO2︸ ︷︷ ︸
Obama
DR=3%

→ 1$/tCO2︸ ︷︷ ︸
Trump
DR=7%

→ 52$/tCO2︸ ︷︷ ︸
Biden

DR=3%

→ 190$/tCO2︸ ︷︷ ︸
EPA (2022)
DR=2%
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Why discounting? The case of climate change

The economists’ estimation of the social cost of carbon has
dramatically increased over the last few years. Why? Because
we fear the scenario of a collapse in GDP combined with high
climate damages.

With a trend of growth at 2%, climate change is not a big deal
(adaptation/innovation): Large discount rate and low carbon
value.
But LT growth is deeply uncertain: prudence.
If GDP/cap and climate damages are negatively correlated,
reducing emission is an insurance policy: Low discount rate
and large carbon value.

Why do we discount the future? (Ramsey-Cass-Koopmans)

Because we are inequality-averse and we believe in growth.

Sustainability : Do we do enough for the distant future?

In this webinar, I provide various insights about what I perceive
as the leading scientific issues to address this question.
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On the role of extreme events

Asset pricing puzzles.

Standard volatility around the trend is only a small piece of
the reality of risk in the economy.

Over the last 20 years, famous economists such as Robert
Barro and Marty Weitzman have demonstrated that fat tails
and extreme events can explain why people value insurance so
much.

For example, replacing the lognormality assumption in the
CCAPM by a Student-t distribution (whaterver the degrees of
freedom) reverses the asset pricing puzzles.

Actuaries were right to focus on the tails of the distribution.

This is particularly true for long-dated assets and risks.
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Social preferences: Utilitarianism

Preferences under the veil of ignorance.

Independence axiom: If one prefers X over Y , one also prefers
X with probability p over Y with probability p.

This implies the Discounted Expected Utility model:

V0 =
T∑
t=0

e−δtE0[U(Ct)]

The concavity of U represents risk and inequality aversions,
which are equivalent under the veil of ignorance.

Constant Relative Risk/Inequality Aversion: U(Ct) =
C1−γ
t
1−γ .
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Stochastic Discount Factor (SDF)

Consider an uncertain payoff Bt in t years.

Definition of the present value (PV ) of Bt :

U(C0 − PV ) + e−δtE0U(Ct + Bt) = U(C0) + e−δtE0U(Ct)

PV = E

[
Bt

e−δtU ′(Ct)

U ′(C0)

]
= E

[
Bte

−δt−γgt t
]

PV = E
[
Bte

−rft t
]

The PV is the expectation of the conditional future payoff
discounted at the conditional Ramsey rule:

rft = δ + γgt with gt =
1

t
ln

(
Ct

C0

)
.
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The Ramsey rule in a risk-free economy

Suppose Ct = C0 exp(gt). Then, equation (1) implies the
Ramsey rule:

rft = δ + γg

Why do we discount the future in a risk-free economy (beyond
the immoral rate δ of preference for my generation)?

Because in a growing economy, investing for the future
increases intergenerational inequalities;
In a growing economy, the discount rate is the minimum IRR
that compensates for the welfare-deteriorating impact that
investing generates on the generational distribution of
consumption.

Extending the method to uncertainty is ”straightforward” with
the SDF framework.

Benefits materializing in the worst macro scenarios receive a
larger weight.
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A model-free Ramsey rule

Okun’s leaky bucket experiment (reversed):

X consumes twice what Y consumes.
Okay to sacrifice up to 0.25 from Y to give 1 to X. (?)

Suppose that consumption doubles every 35 years.

X is the generation living in 35 years.
Y is the current generation.
What is the value today of a benefit of 1 in 35 years?

Conclusion: The PV of 1 in 35 years equals 0.25.

This means using a discount rate of 4%.
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A model-free Ramsey rule

Okun’s leaky bucket experiment (reversed):

X consumes twice what Y consumes.
Okay to sacrifice up to 0.25 from Y to give 1 to X. ⇒ γ = 2

Suppose that consumption doubles every 35 years.⇒ g = 2%

X is the generation living in 35 years.
Y is the current generation.
What is the value today of a benefit of 1 in 35 years?

Conclusion: The PV of 1 in 35 years equals 0.25.

This means using a discount rate of 4%= γg .
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Two experiments on inequality aversion
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Measure of inequality aversion: Experts’ view

inequality growth discount
author aversion (γ) rate (g) rate (rf )

Stern (1977) 2
Mirrlees (1978) 2
Drèze (1981) 2
IPCC (1995) 1.5-2 1.6%-8% 2.4% - 16%
Arrow (1995) 2 2% 4%
UK: Green Book (2003) 1 2% 2%
Stern (2007) 1 1.3% 1.3%
Arrow (2007) 2-3
Dasgupta (2007) 2-4
Weitzman (2007) 2 2% 4%
Nordhaus (2008) 2 2% 4%
Atkinson-Brandolini (2010) 0.125-2
Nordhaus (2018) 1.45 2.15% 3.1%
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My take on this debate

Ethical issue on the rate of pure preference for ”us” (the
present). Consensus at δ = 0.

Inequality aversion = risk aversion under the veil of ignorance.
I take γ = 2.

Let’s now talk about uncertainties.
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Distribution of conditional values

Suppose that Ct follows a geometric brownian motion with
mean 2% and volatility 3%.

Consider a sure benefit Bt = 1/E [e−γgt t ].

PV ∗
t = e−γgt t/E

[
e−γgt t

]
PV = E [PV ∗

t ] = 1

Probability distribution of PV ∗
t ?

PV ∗
t has a unit expectation for all t.

13 / 29



On the role of low-probability extreme scenarios

PV ∗
t has a unit expectation for all t, but is almost surely

equal to zero when t → +∞.
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The SDF approach: An illustration with two scenarios

There are two scenarios:

A BAU scenario with a constant growth rate gb (prob. 1− π);
A stress scenario with an immediate drop of consumption by a
fraction θ followed by a constant growth rate g s (prob. π).

In each scenario, use the Ramsey rule to get r i = γg i ,
i = b, s.

In the stress scenario, the immediate drop implies a
multiplicative bonus on the contingent PV by ∆ = (1− θ)−γ ,
which is larger than 1.

PV = (1− π)
T∑
t=1

e−rbtBb
t + π∆

T∑
t=1

e−r s tBs
t
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Calibration for stress discounting

δ 0 rate of pure preference for the present
γ 2 degree of relative risk aversion
π 1.7% probability of the stress scenario
gb 2.0% growth rate of consumption in the BAU scenario
g s 0.2% growth rate of consumption in the stress scenario
θ 50.0% initial drop in consumption in the stress scenario

rb 4% contingent discount rate in the BAU scenario
r s 0.4% contingent discount rate in the stress scenario
∆ 4.0 boost discount factor in the stress scenario
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Illustrations: Two projects that cost 1 today

contingent value expected
BAU stress value

Benefit 5 5 5
PV 0.68 16.37 0.94 < 1

Table: Valuation of a safe project in 50 years.

contingent value expected
BAU stress value

Benefit 4.9 10.78 5
PV 0.66 35.31 1.25 > 1

Table: Valuation of a risky project in 50 years.
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Normative CCAPM: Discounting the expected payoff at a
risk-adjusted DR

PV = e−δtE

[
Bt

U ′(Ct)

U ′(C0)

]
= e−δt E0[BtU

′(Ct)]

U ′(C0)E0[Bt ]︸ ︷︷ ︸
=exp(−ρt t)

E0[Bt ]

Suppose that Ct follows a geometric Brownian process with
trend µ and volatility σ and let β denote the income-elasticity
of Bt :

ln(Bt) = at + β ln(Ct) + εt

In that case, we obtain the CCAPM:
Linear risk-adjustment to the β:

ρt = rf + βπ

Extended Ramsey rule:

rf = δ + γµ− 0.5γ2σ2

Aggregate risk premium:

π = γσ2
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My take on the normative CCAPM

Prudence: reduction of the risk-free rate.

Risk-free rate puzzle, and risk premium puzzle.

Nothing special for LT maturities!

Recent literature: Barro, Weitzman, Martin, Gollier,...

Normative CCAPM fails to integrate the deepness of
uncertainties surrounding the destiny of human kind on Earth.

Maybe we face a brownian growth process, but the trend is
unknown.
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Parametric uncertainty: A simple illustration
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A simple illustration
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Some theoretical results in the case of parametric
uncertainty

xt = log(Ct/Ct−1)

Suppose that x1, x2, ... are i.i.d. with an ambiguous CDF.

This ambiguity has no effect on short-term discount rates.

Result 1: The term structure of the risk free rates is
decreasing and tends to the smallest possible rate.

Result 2: The term structure of the aggregate risk premia is
increasing in the neighborhood of t = 0.

Conclusion: Characterizing the income-elasticity of long-lived
assets is central for any serious attempt to price them.
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Uncertain trend and LT uncertainty

Parametric uncertainty generates an increasing term structure
of risk on future consumption.

Example with µ ∼ (1%, 1/2; 3%, 1/2) and σ = 3.6%.

β=-1

β=0.0

β=0.5

β=1.0

β=1.5

β=2.0

20 40 60 80 100 120 140
t

-2

2

4

6

8

ρt

23 / 29



Climate beta

Abating CO2 does reduce future climate damages. Does it
also hedge the aggregate risk?

What is the beta of investments whose aim is to reduce
emission of CO2?

Two opposite stories:

β < 0: A larger climate sensitivity raises the marginal damages
and reduces consumption.
β = 1: Climate damages are proportional to wealth and
consumption.

The combination of these two effects suggests that the
climate beta is less than 1. By how much?
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Monte-Carlo simulation of DICE (Dietz, Gollier and
Kessler, 2017)

0.5 1.0 1.5 2.0 2.5
C1 .

0.002

0.004

0.006

0.008

0.010

0.012

0.014

F1

Estimated β50 ∼ 0.7.
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Monte-Carlo simulation of Golosov’s model

8.6 8.8 9.0 9.2 9.4 9.6 9.8
log(C50)

18

20

22

24

log(D50)

Estimated β50 ∼ −3.5.
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Social Cost of Carbon in the U.S. (2022)

Year R=2.5% R=2.0% R=1.5%

2020 120 190 340
2030 140 230 380
2040 170 270 430
2050 200 310 480

Table: Social cost of carbon (in 2020 $/tCO2) as a function of time and
of the discount rate R. Source: U.S. EPA External Review Draft of
Report on the Social Cost of Greenhouse Gases (September 2022).

OMB (June 2023): Reduction of the official US discount rate
(DR) to 1.7% (from 7.0%).
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Conclusion

Two arguments for using a smaller discount rate (and thus a
large carbon value) for climate change:

Precaution: Future economic prosperity is deeply uncertain;
Reducing emissions serves as an insurance for future
generation (negative climate beta).

A gaussian representation of future uncertainties may be
misleading. Extreme events play a crucial role in the way we
value actions with long-dated impacts.

Our standard models tended to underestimate sustainability
issues.
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