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Abstract

This paper presents a neoclassical growth model with three energy sectors and a cli-

mate externality. Energy is used in the production of the final consumption good. The

energy sectors differ on the exhaustibility of the energy resource. Oil is an exhaustible

resource, coal is an abundant resource, and a green energy sector uses labor. Oil and

coal use increases the stock of carbon in the atmosphere, which generates a climate

externality. Standard Pigouvian taxation prescribes that a uniform tax on all carbon

energy inputs is optimal. This uniform tax must be equal to the social cost of carbon

because this is the externality that the usage of these inputs generates. I consider a

policymaker who cares about future generations and may discount the future less than

the individuals in the economy. This paper’s main theoretical result is that the uniform

taxation rule does not carry over to an economy with a low social discount rate. In

particular, the optimal carbon tax on oil does not equal the optimal carbon tax on coal.

Moreover, while the optimal tax on coal equals the social cost of carbon, the optimal

carbon tax on oil follows a more general formula.
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1 Introduction

Carbon emissions released into the atmosphere have a mean lifetime of about 300 years,

which implies that carbon emissions are an intergenerational externality. This paper studies

the optimal taxation of alternative energy sources (i.e., coal, oil, natural gas, renewables) in

an economy that captures both the externality and the intergenerational aspect of climate

change.

Concerns about intergenerational equity have sparked a heated debate over the choice

of the social discount rate in macro-climate models. Stern (2008) argues for a low discount

rate based on a desire for intergenerational equity. Nordhaus (2007), Weitzman (2007), and

many others criticize this point of view. They say that the discount rate should be consistent

with market returns. This paper incorporates a social welfare function that assigns Pareto

weights to the welfare of future generation, which maps onto low social discounting. Thus,

the relevant question is what the appropriate Pareto weights are - not what the proper social

discount rate is. In that sense, there is also no right or wrong answer.

Furthermore, standard Pigouvian taxation prescribes that a uniform tax on all carbon

energy inputs is optimal. This uniform tax must be equal to the social cost of carbon (SCC)

because this is the externality that the usage of these inputs generates. This paper’s main

theoretical result is that the uniform taxation principle does not carry over to an economy

with a low social discount rate. In particular, the paper shows that the optimal carbon tax

on oil does not equal the optimal carbon tax on coal. Therefore, creating a ton of carbon

by burning oil is not equivalent to creating a ton of carbon by using coal, even if both

had the same effect on the aggregate externality. Moreover, while the optimal tax on coal

equals the SCC, the optimal carbon tax on oil follows a more general formula. I theoretically

characterize the optimal tax rates and show that both, the SCC and the social and private

discount rates, play a role in the optimal tax on oil.

This paper develops its argument in a neoclassical growth model with three energy sectors

and a climate externality. The production of the final consumption good uses energy inputs.

The energy sectors differ on the exhaustibility of the energy resource. Oil is an exhaustible

resource; coal is an abundant resource, and a green energy sector uses labor. Oil and coal

use increases the stock of carbon in the atmosphere, which generates the climate externality.

This paper assumes that coal and oil have the same effect on the aggregate externality.

However, coal emits more CO2 than oil per unit of energy. van der Ploeg and Withagen
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(2012) show that, if one takes into account that coal is dirtier, it is optimal to use more oil

and less coal. Similarly, Golosov et al. (2014) find that the welfare gains from the introduction

of an optimal carbon tax come from the efficient use of coal, and not so much of oil. Even

though oil is used up too quickly in the laissez-faire economy, the inefficient use of coal leads

to substantial welfare losses because the stock of coal is much larger and, therefore, leads to

significant global warming. Thus, both papers conclude that coal is the real threat to climate

change. In this paper, I argue that this conclusion may not carry over to climate models

with social discounting. In particular, achieving intergenerational equity as a climate goal

depends much more on the efficient use of oil reserves, and not so much of coal. The reason

is that oil is exhaustible, and there are substantial welfare losses from passing on too little

oil to future generations.

This paper is closely related to von Below (2012), Belfiori (2017) and Barrage (2018),

who study the implications of social discounting on the design of optimal carbon taxes. Like

von Below (2012), I also find that the social and private discount rates appear as an extra

term in the optimal carbon tax formula, and that a capital income subsidy is optimal. The

optimality of the capital income subsidy is also characterized in Barrage (2018). However,

this paper differs from both von Below (2012) and Barrage (2018) in that I derive the policy

implications of social discounting on alternative energy sources such as coal, oil and green

energy. This paper borrows the approach to social discounting from Belfiori (2017). The

main difference with that paper is that Belfiori (2017) considers oil as the only input in the

production process and, therefore, it does not study the different policy implications of social

discounting on alternative energy sources such as oil versus coal and renewable energy. This

paper is also related to the literature on the optimal taxation of fossil fuels with a climate

externality within a standard neoclassical macroeconomic framework, including Acemoglu

et al. (2012), Barrage (2017), and Golosov et al. (2014). However, this paper differs from

those papers because they do not formally study the interaction between social discounting

and the optimal design of carbon policies. This paper also differs from Barrage (2017) in that

I assume that the government has access to lump sum taxes. This paper relates to Belfiori

(2015), Karp (Karp) and Gerlagh and Liski (2018) in that all of them focus on the interaction

between social discounting and the design of optimal carbon policies. Like these papers, I

also find that, with social discounting, the optimal carbon tax is not equal to the social

cost of carbon. However, this paper differs from those in several aspects. First, this paper

restricts attention to geometric discounting, and it does not contemplate inconsistency and
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commitment problems. Second, this paper focuses on how the exhaustibility nature of the

energy resources have an impact on the optimal carbon tax when there is social discounting.

The remainder of the paper is organized as follows. Section 2 sets up the basic model.

Section 3 introduces the concept of intergenerational climate equity. Section 4 characterizes

the social optimum. Section 5 describes the market outcome and contains the main results

of the paper. Section 6 provides some conclusions from the analysis. Finally, the Appendix

includes all the mathematical proofs.

2 Model

Consider the following version of the economy in Golosov et al. (2014). Time is discrete and

infinite, t ∈ {0, ...,∞}. The economy is populated by a unit mass continuum of identical

individuals. There is a single consumption good that is produced using capital, labor, and

energy. The production function is given by

Ỹt = F (Kt, N0t, Et) (1)

where Et is an energy composite. The energy components differ on the exhaustibility of

the resource involved. In particular, I assume that there are three types of resources: an ex-

haustible resource (E1); an exhaustible but abundant resource (E2); and a renewable resource

(E3). According to estimates of the world reserves, the ratio of coal reserves to production is

about three times larger than the corresponding ratio for oil and gas. Therefore, I will refer

to sector 2 as “coal” and to sector 1 as “oil”, where oil means oil and natural gas throughout

the paper. The energy composite, Et, is defined as

Et = [κ1E
ρ
1t + κ2E

ρ
2t + κ3E

ρ
3t]

1/ρ (2)

where
∑3

i=1 κi = 1, and the parameter ρ represents the elasticity of substitution between the

energy components. According to the metastudy in Stern (2010), this elasticity is low at

the macro level, and somehow larger at the industry level. The elasticity of substitution is

higher between coal and gas, and lower for oil. The elasticity of substitution is also higher in

power generation and lower in other uses such as transportation. The elasticity of substitution

between the energy components does not affect the theoretical results in this paper, although

it can be important quantitatively as shown in Golosov et al. (2014).
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The energy components are produced according to their own technology. Oil is an ex-

haustible resource, and it is costly to extract. At each point in time, oil use equals total oil

extraction

E1t = Rt −Rt+1 (3)

for every period t. The extraction cost is stock-dependent and given by g(Rt) where g is an

increasing, convex, and differentiable cost function. Furthermore, the extraction cost is in

units of the final consumption good. The economy starts with an initial stock of oil, R0.

Coal is also finite, but it is assumed to be an abundant resource. Hence, there are

no scarcity rents associated with coal use. Moreover, coal energy is produced using labor

according to the function

E2t = A2tN2t (4)

where A2t is productivity in the coal sector.

Renewable energy production also uses labor and has sector-specific productivity given

by A3t. Thus,

E3t = A3tN3t (5)

The sub-index t in the productivity parameter indicates the possibility of technical change.

This change can be an improvement in the available technologies but can also reflect a

slowdown in the development of new techniques. The technological change is exogenous.

Oil and coal use increases carbon in the atmosphere, St. In particular, carbon in atmo-

sphere in every period t evolves according to

St+1 = (1− γ)St + E1t + E2t (6)

where γ ∈ [0, 1) is the natural rate of carbon reabsorption and the economy starts with a

stock of carbon S0. The stock of carbon in the atmosphere generates a climate externality

that takes the form of an output loss. Thus, total output with the climate externality is

given by

Yt = x(St)F (Kt, N0t, Et) (7)

The damage function x is decreasing, convex and twice differentiable with limS→0 x(S) = 1

and limS→∞ x(S) = 0.

Individuals derive utility from consumption and discount the future with the discount

factor β ∈ (0, 1). Over time, individuals care about the value
∞∑
t=0

βtu(Ct) (8)
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The utility function u is increasing, concave and twice differentiable with limc→0 u
′(c) =∞.

Individuals consume, work and invest in capital. Capital depreciates at rate δ and evolves

according to the law of motion

Kt+1 = (1− δ)Kt + It (9)

The economy starts with an initial stock of capital K0. The feasibility constraints in this

economy are given by

Ct +Kt+1 + g(Rt) = Yt + (1− δ)Kt (10)

Nt =
3∑
i=0

Ni (11)

for every period t.

3 Intergenerational climate equity

When a representative infinitely lived individual inhabits the economy, it is natural to con-

sider a social welfare function that coincides with the individual’s welfare function in equation

(8). That is, a planner or representative government represents the preferences of the vot-

ers (consumers) by sharing the same objective function with them. The assumption of an

infinitely-lived individual is unrealistic, but it is widely used because it represents the idea of

a dynasty. It can be quickly shown that an economy populated by a sequence of individuals,

each of whom lives for one period and have one child, is equivalent to an economy populated

by a single individual that lives forever.

In such a dynastic setup, the discount factor equals the altruistic weight that the parent

puts on the child’s welfare, and represents how much the parent cares for her child. Going

back to the idea of the representative government, it is no longer evident that the social

welfare function should coincide with the individual’s welfare function in equation (8). Should

the government only care about the well-being of the father, and let the father care for the

child? Or should the government care about the child and future generations directly, despite

the fact that the father might care for the child as well? This is a non-trivial question in

climate economics because the parent’s actions (i.e., the carbon emissions he generates using

electricity, driving his car, and so on) will have long-lasting effects that will affect his child,

his grandchild and many generations to come. It is crucial then that future generations are
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well taken care of and represented in the social welfare function that the current government

uses to design climate policies.

In a dynastic economy like the one described above, the government can consider a more

general utilitarian welfare function where a specific weight is attached to the welfare of each

generation. Thus, the social welfare is the weighted sum of the welfare of each subsequent

generation. In particular, the social welfare is

∞∑
s=0

αs

[
∞∑
t=s

βt−sU(Ct)

]
(12)

where {αs}∞s=0 is an arbitrary weighting scheme across generations. An intergenerational

choice is involved in the decision about the appropriate weighting scheme. This choice is

normative in nature, and it is a comprehensive part of the climate policy design problem.

One option for the policymaker is to choose a degenerate weighting scheme where all

the weight is on the current generation’s welfare (α0 = 1), and zero weight is attached to

the future generation’s welfare. Notice that, even in this case, the government cares about

the future generation through the altruistic weight of the parents. The government cares

“indirectly” about the child because it cares about the father, who cares about the child.

This is one particular weighting scheme and, importantly, it is the one that will reflect the

most impatient policymaker. As the government chooses to put some direct weight on the

future generation’s welfare, an infinite array of intergenerational choices open up. Each of

these choices reflects a concern for intergenerational equity that will determine the policy

decisions.

As shown by Bernheim (1989) and also Farhi and Werning (2007), a social welfare function

that includes strictly positive weights on the welfare of future generations maps into a social

welfare function where the government cares about the infinite stream of consumption of

an infinitely lived individual, but discounts the future less than this individual. That is,

the social discount rate is lower than the private discount rate1. Thus, I will consider a

social planner who cares about the stream of consumption according to the following welfare

function
∞∑
t=0

β̂tu(Ct) (13)

1The social welfare weights must be geometric to ensure that the policy-design problem is time-consistent.

That is, the weight on future generation’s welfare is positive but decreases geometrically over time. See

Belfiori (2017) for further discussion on this.
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with β̂ ∈ (0, 1) and β̂ > β. The social discount rate is lower than the private discount rate as

a consequence of a social welfare criterion that attaches some weight to the welfare of future

unborn generations.

4 Optimal Allocation

The socially optimal allocation is the path of consumption, labor, oil, capital and carbon level,

{C∗t , N∗0t, N∗2t, N∗3t, R∗t , K∗t , S∗t }∞t=0, that maximizes the social welfare function (13) subject to

the carbon cycle (6), the resource constraints (10)-(11) together with (2)-(5), and the initial

conditions {K0, R0, S0}.
Let µ∗t be the Lagrange multiplier on the carbon cycle constraint. The social cost of

carbon can be obtained by iterating forward on the optimality condition of the carbon stock.

In particular, the social cost of carbon is given by2

µ∗t = −
∞∑
j=0

[β̂(1− γ)]j
u′(ct+j)

u′(ct)
x′(St+j)F (t+ j) (14)

The social cost of carbon measures the value of the climate externality, which is given by

the discounting sum of future output losses that will derive from a marginal increase in the

current stock of carbon. The expression for the social cost of carbon is the expression obtained

in similar economic environments like Golosov et al. (2014) and Barrage (2017). In fact,

equation (14) simplifies even further if one assumes logarithmic utility and an exponential

damage function of the form x(S) = e−ϕS. Under these assumptions, the social cost of carbon

is equal to

µ∗t =
∞∑
j=0

[β̂(1− γ)]jϕ
ct
ct+j

Yt+j (15)

which collapses to an expression that only depends on parameters and output when the

savings rate is constant. That is, as in Golosov et al. (2014), the social cost of carbon can

then be written as

µ∗t = Yt

∞∑
j=0

[β̂(1− γ)]jϕ (16)

2To ease readability, I use the shortcut “F(t+j)” to indicate the production function evaluated at time

t+j.
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Because it will be useful to derive the results, I will define Λ∗t as the social cost of carbon

expressed in units of the consumption good.

Λ∗t ≡
µ∗t

u′(C∗t )
(17)

The socially optimal allocation is fully characterized by equation (14) together with two

intra-temporal conditions, two inter-temporal conditions, a transversality condition for the

capital stock and the feasibility constraints (10)-(11).

Given the assumptions on the production function, all three sources of energy are used

in production. At the optimum, the marginal labor productivity must be equalized across

sectors. Thus, the two intra-temporal conditions that characterize the optimal allocation are

x(St)F
′
N0

(t) = x(St)F
′
N2

(t)− Λ∗t (18)

x(St)F
′
N0

(t) = x(St)F
′
N3

(t) (19)

Because coal use increases atmospheric carbon, the marginal labor productivity in the coal

sector is equal to the output increase from adding an extra worker net of the climate damages

associated with this increase. For this reason, the social cost of carbon shows up in equation

(18).

The first order conditions for consumption and oil imply that

β̂u′(Ct+1)[x(St+1)F
′
r(t+ 1)− g′(Rt+1)− Λ∗t+1] = u′(Ct)[x(St)F

′
r(t)− Λ∗t ] (20)

Equation (20) is a version of the Hotelling rule in this economy. It implies that the marginal

benefit from extracting the exhaustible resource must be same across time. This benefit

is given by the marginal increase in output obtained from an extra unit of oil, net of the

associated climate damages and the increase in future extraction costs as the oil stock de-

creases. Because output tomorrow (and consumption) can be increased either by postponing

extraction or by accumulating capital, a similar Euler equation holds for the capital stock:

β̂u′(Ct+1)x(St+1)F
′
k(t+ 1) = u′(Ct) (21)

Notice that the social cost of carbon does not show up in the Euler equation for capital

because it is the energy use, and not production, what causes the increase in atmospheric

carbon. Importantly, the future benefits from a marginal increase in the capital stock are
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evaluated in present value terms using the social discount rate. This is also true in (20).

Finally, the capital stock must also satisfy the following transversality condition

limt→∞β̂
tu′(C∗t )kt = 0 (22)

Oil reserves and capital are the assets that allow the economy to transfer resources over-

time. It follows that the optimal rate of return on both assets must be the same at all times to

rule out any arbitrage opportunities. Otherwise, suppose that the return on capital is higher

than the return on oil, it is optimal to burn oil and invest the proceeds at the market interest

rate. This will push the market interest rate down until the return on both capital and oil

are the same. In particular, equations (20) and (21) can also be combined in a non-arbitrage

condition that is given by the following expression

x(St+1)F
′
r(t+ 1)− g′(Rt+1)− Λ∗t+1

x(St)F ′r(t)− Λ∗t
= x(St+1)F

′
k(t+ 1) (23)

To sum up, the socially optimal allocation is fully characterized by equations (10)-(11)

and (18)-(22). The following section presents a decentralized environment that implements

this optimal allocation with carbon taxes on oil and coal.

5 Optimal energy taxes

In the presence of a climate externality, a straightforward application of Pigouvian taxation

principles calls for the introduction of carbon taxes on oil and coal, both equal to the social

cost of the carbon externality. These carbon taxes make firms face the social cost of using

energy and, hence, internalize the externality. In this section, I propose a decentralized

environment with carbon taxes on coal, oil, renewable energy, and capital income. As usual,

negative tax rates will indicate a subsidy. I will then use the optimal allocation to back out

the optimal tax rates. I choose to start from a broad set of policy instruments - notice that all

inputs in the economy are taxed - to find out later what tax rates are redundant and should

be zero. The analysis does not include labor income taxes because optimal labor income taxes

are zero in an economy with exogenous labor supply and no government financing needs.

There are 4 production units or “sectors” indexed by j = 0, 1, 2, 3. Sector 0 corresponds

to the final consumption good sector, and the remaining three are the energy producers. A

representative firm operates the technology (7) that produces the final consumption good.

The firm hires labor at a wage wt, rents capital from households at rate rt, and buys energy
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inputs from the energy sectors at relative prices pjt. The problem of the firm is to choose

the path of capital, employment, and energy use, {Kt, N0t, E1t, E2t, E3t}∞t=0, to maximize

discounted profits given by

Π0 =
∞∑
t=0

q0t [x(St)F (Kt, N0t, Et)− rtKt − wtN0t −
3∑
j=1

pjtEjt] (24)

where q0t is the Arrow-Debreu price of one unit of consumption in period t in terms of

consumption in period zero, and Et is defined in (2).

A continuum of firms of mass one, or a representative firm, in the oil sector (j=1) owns

the stock of oil and faces a per-unit carbon tax τ1t on oil extraction. Extraction costs increase

as the oil reserves decrease, and R0 is the initial stock of oil. The problem of the firm is to

choose a path of oil extraction {Rt}∞t=0 to maximize discounted profits given by

Π1 =
∞∑
t=0

q0t [(p1t − τ1t)(Rt −Rt+1)− g(Rt)] (25)

A continuum of firms of mass one, or a representative firm, in the coal sector (j=2)

operates a linear technology given by (4) and faces a per-unit carbon tax τ2t. The problem

of the firm is to hire labor {N2t}∞t=0 in order to maximize discounted profits given by

Π2 =
∞∑
t=0

q0t [(p2t − τ2t)A2tN2t − wtN2t] (26)

Finally, the representative firm in the green sector (j=3) operates the technology (5) and

faces a per-unit tax equal to τ3t. Although it is natural to think about the tax on renewables

as a subsidy, I define all instruments as taxes for consistency in the notation across energy

sectors. As usual, a negative tax rate indicates a subsidy. The problem of the firm is to

maximize discounted profits given by

Π3 =
∞∑
t=0

q0t [(p3t − τ3t)A3tN3t − wtN3t] (27)

There is a representative household who derives utility from the consumption of the single

good in the economy, makes the capital investment decision, and owns the firms. As discussed

before, the concept of a representative household can be thought of as a dynasty that lasts

forever, and it is composed of a sequence of one-period lived individuals, each of whom has
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one child. Households face a capital income tax, and consume, work and save subject to the

following present value budget constraint

∞∑
t=0

q0t [Ct +Kt+1] ≤
∞∑
t=0

q0t [(1− τ kt )rtKt + wtNt + Tt] + Π (28)

where Π =
∑3

j=0 Πj are dividends from the firms, Tt represents a lump sum rebate from the

government, and K0 is the initial stock of capital. The household’s problem is to choose a

sequence {Ct, Kt}∞t=0 to maximize (8) subject to (28), taking prices and taxes as given.

A government collects carbon taxes and pays subsidies. Any surplus (or deficit) is rebated

in a lump-sum transfer to households. The government budget constraint is given by

3∑
j=1

τjtEjt + τ kt rtKt = Tt (29)

A competitive equilibrium with taxes
{
{τjt}j=1,2,3, τ

k
t , Tt

}∞
t=0

is a sequence of allocations

{Ct, N0t, N2t, N3t, Rt, Kt, St}∞t=0 and prices {q0t , {pjt}j=1,2,3, wt, rt, }∞t=0 such that: (i) given

taxes and prices, the allocation solves the consumer’s problem by maximizing (8) subject

to (28), and the firms’ problem by maximizing Π0 and Πj for j=1,2,3; (ii) given the alloca-

tion, transfers are such that the government budget constraint (29) is satisfied; (iii) given

the allocation, the carbon cycle follows (6); and (iv) prices clear the markets.

The optimal energy taxes come from comparing the optimal allocation with the com-

petitive equilibrium. As a benchmark case, it is useful to think about the optimal policy

when the social and private discount rates are the same. In this case, it is easy to show that

the optimal policy is to set carbon taxes on oil and coal equal to the social cost of carbon,

while the optimal subsidies on green energy and capital income are zero. The literature often

refers to these tax rates as “Pigouvian taxes” because they are meant to correct an exter-

nality. With these carbon taxes, energy firms face the social cost of their production and, as

a consequence, they produce the optimal amount. Because, by definition, the green sector

does not involve any externality, the subsidy on green energy is zero. Some models incor-

porate learning-by-doing in the renewable industry. In these models, productivity increases

the more renewable energy is produced. When this process includes learning externalities,

then a rationale for green subsidies arise. On the contrary, this paper considers that the

technological change in the renewable sector is exogenous. Therefore, the optimal renewable

subsidies are zero. Optimal capital income subsidies are also zero because the investment

decision should remain undistorted according to equation (21).
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In a broader sense, Pigouvian taxes are taxes designed to correct any discrepancy between

the market outcome and the socially optimal outcome. When the social and private discount

rates differ, the market economy saves too little when evaluated from a societal point of

view. In this economy, this means not only a low accumulation of capital but also a fast

depletion of the exhaustible resource. It follows that the optimal carbon taxes will pick up

this “discrepancy”, and the tax rates may differ from the Pigouvian ones described above3.

The next proposition is the main result of the paper. The uniform taxation principle

on all carbon energy inputs breaks in an economy that incorporates social discounting. In

particular, the optimal carbon tax on coal is not equal to the optimal carbon tax on oil. This

is true even if both had the same effect on the aggregate stock of carbon. Moreover, while

the optimal carbon tax on coal remains equal to the social cost of carbon, the optimal tax

on oil includes also the private and social discount rates as an extra term in the carbon tax

formula. Besides, a capital income subsidy is optimal. Proposition 1 formalizes this result.

Proposition 1 (Optimal Energy Taxes) Suppose that {C∗t , N∗0t, N∗2t, N∗3t, R∗t , K∗t , S∗t }∞t=0

solves the social planning problem, then it solves the competitive equilibrium with taxes equal

to

τ1t = (
β̂

β
)tΛ∗t − [(

β̂

β
)t − 1][x(St)F

′
r(t)− g′(Rt)] (30)

τ2t = Λ∗t (31)

τ3t = 0 (32)

τ kt = 1− β̂

β
(33)

for every period t and all proceeds from taxation rebated/financed lump-sum through Tt.

The optimal energy taxes reflect the climate externality. Oil and coal use increases the stock

of carbon in the atmosphere and causes climate damages. Thus, the optimal carbon taxes on

coal and oil have the social cost of carbon as a component of the tax formula. The tax rates

reflect the climate externality and induce individuals to internalize it in a standard Pigouvian

3Besides the climate externality, social discounting is the only source of discrepancy between the market

outcome and the socially optimal one. In particular, the after-tax market price of energy is efficient, and there

are no distortions related to incorrect pricing of energy inputs or corruption in the economy. Adding these

features to the energy sector may be appropriate given some of the characteristics of the oil-rich developing

economies, although it goes beyond the scope of the paper.
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fashion. Green energy, on the other hand, has no effect on the atmospheric carbon level and

the optimal renewable subsidy is zero.

It is easy to see that if the social and private discount rates are the same, the optimal

carbon tax on coal and oil given by the formulas (30) and (31) are both equal to the social

cost of carbon. As discussed in section 4, when the government takes into account the welfare

of future generations directly, the social discount rate is lower than the private one. In this

case, the policy prescription is that the use of the economy’s resources must follow a more

patient forward-looking path. This path takes special care of the resources that the current

generation passes on to future ones. In this sense, the use of oil reserves is of particular

interest because oil is an exhaustible resource. Caring for future generations requires keeping

more oil under the crust of the earth, and the optimal oil tax reflects that by adding the

ratio of discount rates to the tax formula.

The case of coal is slightly different. The reason is that even though coal is also an

exhaustible resource, it is so abundant that it can be considered a resource in infinite supply

for practical matters. In particular, the government can rely on the market economy to decide

on how much coal to use because the stock of coal will always remain in infinite supply for

future generations to use. Thus, the difference between the social and private discount rates

does not play a role in designing the optimal coal tax. The reason is not that the difference

does not exist but because its effect on the optimal taxation of a resource in infinite supply

is insignificant. It is still optimal to introduce a carbon tax on coal equal to the social cost

of carbon.

Proposition 1 is an important result because it breaks the equivalence between energy

taxes. As showed in Golosov et al. (2014), standard public finance theory prescribes a uniform

tax on all carbon energy inputs. This paper shows that the uniform taxation principle does

not go through to a setting with social discounting.

The formula for the carbon tax on oil collapses to that in Belfiori (2017) if the production

function is linear in oil and separable. As noted in that paper, two effects are playing a role

in the optimal carbon tax. First, oil extraction must slow down to account for the climate

externality. Second, oil extraction must also slow down to induce individuals to keep more

oil reserves for future generations to use. Because oil is an exhaustible resource, a lower

extraction path requires a decreasing tax rate. Oil companies have incentives to extract

more tomorrow if the return is relatively higher tomorrow. With increasing extraction costs,

this is achieved with a decreasing tax rate. Notice that a decreasing oil tax can potentially
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turn into a decreasing subsidy. Importantly, the optimal carbon tax on oil will eventually be

lower than the carbon tax on coal.

This paper assumes that coal and oil have the same effect on the aggregate externality.

However, coal is, in fact, a dirtier energy source in the sense that emits more CO2 than oil per

unit of energy. van der Ploeg and Withagen (2012) shows that, if one takes into account that

coal is dirtier, it is optimal to use more oil and less coal. The same result holds in Golosov

et al. (2014) who also find that the welfare gains from the introduction of an optimal carbon

tax come from the efficient use of coal and not so much of oil. Even though oil is used up

too quickly in the laissez-faire economy, the inefficient use of coal leads to substantial welfare

losses because the stock of coal is much larger. Thus, both papers argue that coal is the

real threat to climate change. To some extent, this result may be overturned when there

is social discounting. In particular, the effects of having social discounting act through the

use of oil and not coal for the very reason that coal is so abundant. Overall, the welfare

gains from introducing a carbon tax that corrects the externality and achieves the targeted

intergenerational equity come from the use of oil and not coal. Whether or not this is the

case is a quantitative question and an intriguing avenue for future research.

Regarding the capital stock, Proposition 1 shows that a subsidy on capital income is an

essential part of any comprehensive climate policy that seeks to achieve intergenerational

climate equity. The optimal subsidy is constant over time and equal to the ratio of social to

private discount rates. The optimal subsidy is the same as the one found in von Below (2012)

and Barrage (2018). Although they work in a different environment, the subsidy rate also

equals the optimal subsidy on bequeaths characterized by Farhi and Werning (2010). The

intuition for this result is quite simple. As mentioned before, when the government takes

into account the welfare of future generations directly, the policy prescription is to do a more

patient forward-looking use of the economy’s resources taking special care of the resources

that the current generation passes on to future ones. A subsidy on capital income induces

individuals to invest in capital for future generations to use in the same way that a decreasing

tax on oil causes oil companies to keep more oil under the crust of the earth. Both policy

instruments imply a reallocation of resources in favor of future generations, which is optimal

on the grounds of achieving a given degree of intergenerational climate equity.

Notice also that, given that capital and oil reserves are alternative saving assets and that

a capital income subsidy is optimal, it follows that a subsidy on oil in situ may have a role to
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play in the optimal climate policy4. Belfiori (2017) shows that an oil stock subsidy is optimal

in an economy with social discounting. In that paper, oil is the only asset and energy input

in production. Corollary 1 extends this result to an economy with capital and coal and

renewables as additional sources of energy. This alternative decentralization of the optimal

allocation relies on a subsidy on the stock of oil in situ, uniform carbon taxes on coal and

oil, and a subsidy on capital income.

Corollary 1 Suppose that {C∗t , N∗0t, N∗2t, N∗3t, R∗t , K∗t , S∗t }∞t=0 solves the social planning prob-

lem, then it solves the competitive equilibrium with taxes equal to

τ1t = τ2t = Λ∗t (34)

τ3t = 0 (35)

sE1
t = (

β̂

β
− 1)[x(St)F

′
r(t)− g′(Rt)− Λ∗t ] (36)

τ kt = 1− β̂

β
(37)

for every period t and all proceeds from taxation rebated/financed lump-sum through Tt.

Under this decentralization, a typical firm in the oil sector faces two types of taxation. On

the one hand, the firm pays a carbon tax per unit of CO2 emitted. On the other hand,

the firm receives a subsidy proportional to its oil reserves. This subsidy provides an extra

incentive to delay extraction and guarantees that future generations will inherit the socially

optimal amount of oil reserves.

In a sense, this alternative decentralization isolates the externality part from the inter-

generational equity dimension of the climate change problem. Carbon taxes are designed

to address the externality, and the subsidies on oil and capital income address the inter-

generational equity goal. However, notice that the tax and subsidy rates are a function of

the optimal allocation which reflects both the externality and intergenerational equity policy

goals. Thus, carbon taxes and oil and capital subsidies are jointly determined and cannot

be determined in isolation. Both the externality and the intergenerational equity problem

are essential components of the global warming phenomena, and climate policies should be

4More generally, a low social discount rate will imply that it is optimal to subsidize all forms of capital

accumulation in the economy. From education and human capital accumulation to investment in climate

adaptation and physical capital, the market economy will be saving and investing less than what is socially

optimal.
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designed to address both sides of the same coin. Also, it is important to mention that the

subsidy on the oil stock is a redundant instrument in the sense that the same outcome is

achievable with fewer instruments. If well-designed, carbon taxes are a sufficient tool to

obtain the optimal outcome in the market economy. Moreover, the opposite does not hold.

Carbon taxes are not redundant because it is not possible to implement the optimal allocation

only with a subsidy on oil and capital stocks.

The climate policy in Proposition 1 is equivalent to the one in Corollary 1 in the sense

that both implement the socially optimal allocation as an equilibrium outcome. However,

the fiscal cost of this alternative policy is of course higher.

6 Concluding Remarks

When the British government released the “Stern Review on the Economics of Climate

Change”, a heated debate arose around the role of social discounting on shaping the climate

policy. The underlying disagreement has been on whether or not there is an intergenerational

equity problem associated with climate change that policymakers need to take a stand on.

Climate change is a long-term problem, and the current generation’s emissions will have an

impact on the well-being of future ones. The question is whether or not the market takes

care on its own of the future generations’ welfare once the climate externality is internalized.

The question is normative in essence, and the answer to it differs among policymakers.

There are as many answers as politicians around the world. Each country has its own policy

agenda that shapes its policy goals. For some, intergenerational climate equity is one of them;

for others, it is not. While the intergenerational climate equity goals are a policy choice, the

optimal climate policies associated with these goals are not. This paper shows that: (i)

A uniform tax on all carbon energy inputs is the optimal policy when no intergenerational

climate equity goal enters the policy design problem; (ii) Otherwise, a carbon tax on oil (and

gas) different to the carbon tax on coal is the optimal policy. The difference between oil and

coal taxes is higher, the higher the future generations’ weight on social welfare. According

to the British government - as explained in the Stern Review - future generations should

have almost equal weight as current generations do in social welfare. The difference in the

welfare weights is only to account for the possibility of human extinction. This approach to

the climate problem will lead to the biggest divergence between oil and coal carbon taxes. As

the weight on future generation’s welfare decreases, the divergence shrinks and it disappears
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when no direct weight is attached to future generations’ welfare.

Countries also differ on the availability of policy instruments. While some policy-makers

are inclined to tax carbon, others are keener on paying subsidies. For example, most countries

around the globe have some form of subsidization of renewable energy. This paper also shows

that a subsidy on oil and natural gas reserves is an optimal climate policy in countries that

incorporate intergenerational climate equity goals in their policy agenda. This subsidy must

be combined with a uniform tax on all carbon energy inputs. Again, the subsidy is the highest

in the scenario of almost equal weights among generations, and it decreases as the weight

on future generation’s welfare decreases. The subsidy is not optimal when intergenerational

climate equity is not a policy goal.

While countries shape their climate policy agenda around the world, it is essential not to

disentangle the discussion between policy goals and policy instruments. When governments

decide to seek some form of intergenerational climate justice, they must also put on the table

what policies are they going to pursue to achieve them. This paper is a step forward in that

direction.

A Mathematical Appendix

Proof of Proposition 1. The proof consists of showing that all conditions for an equilib-

rium are satisfied by the optimal allocation when taxes and subsidies are set optimally. A

competitive equilibrium is fully characterized by the following system of equations

x(St)F
′
N0

(t) = x(St)F
′
N2

(t)− τ2t (38)

x(St)F
′
N0

(t) = x(St)F
′
N3

(t) (39)

βu′(ct+1)[x(St+1)F
′
r(t+ 1)− g′(Rt+1)− τ1t+1] = u′(ct)[x(St)F

′
r(t)− τ1t] (40)

βu′(ct+1)(1− τ kt+1)x(St+1)F
′
k(t+ 1) = u′(ct) (41)

together with the feasibility constraints (10)-(11) and the transversality condition for the

capital stock. Regarding the green energy sector, it is easy to see that equations (19) and

(39) are the same when τ3t equals zero. Similarly, equation (18) coincides with equation (38)

when τ2t = Λ∗t . To see that τ1t as defined in the proposition is optimal, plug the tax rate in

the inter-temporal condition for oil to get

βu′(ct+1)

u′(ct)
=

[x(St)F
′
r(t)− ( β̂

β
)tΛ∗t + [( β̂

β
)t − 1](x(St)F

′
r(t)− g′(Rt))]

[x(St+1)F ′r(t+ 1)− ( β̂
β
)t+1Λ∗t+1 + [( β̂

β
)t+1 − 1](x(St+1)F ′r(t+ 1)− g′(Rt+1))]
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After some simple algebra, we obtain

βu′(ct+1)

u′(ct)
=

( β̂
β
)t[x(St)F

′
r(t)− Λ∗t ]

( β̂
β
)t+1[x(St+1)F ′r(t+ 1)− g′(Rt+1)− Λ∗t+1]

which coincides with (20) after canceling out the ratio of discount factors. Moreover, plug

the capital income subsidy rate into (41) in order to get

βu′(ct+1)(1 +
β̂

β
− 1)x(St+1)F

′
k(t+ 1) = u′(ct)

which coincides with (21) after canceling out the private discount factor. The feasibility

constraints and transversality conditions are satisfied by definition of the competitive equi-

librium. This completes the proof that all conditions for a competitive equilibrium with taxes

are satisfied by the optimal allocation.

Proof of Corollary 1. The proof consists of showing that all conditions for an equilib-

rium are satisfied by the optimal allocation when taxes and subsidies are set optimally. The

inter-temporal equilibrium condition for oil extraction is now given by

βu′(ct+1)[x(St+1)F
′
r(t+ 1)− g′(Rt+1)− τ1t+1 + sE1

t+1] = u′(ct)[x(St)F
′
r(t)− τ1t] (42)

A competitive equilibrium is fully characterized by equations (38)-(39) and (41)-(42) together

with the feasibility constraints (10)-(11) and the transversality condition for the capital stock.

Following the proof of proposition 1, equations (18) and (38) and equations (19) and (39) are

the same when taxes τ3t equals zero and τ2t = Λ∗t . To see that τ1t and sE1
t as defined in the

proposition are optimal, plug the tax and the subsidy rate in the inter-temporal condition

for oil (42) to get

βu′(ct+1)[x(St+1)F
′
r(t+ 1)− g′(Rt+1)− Λ∗1t+1](1 +

β̂

β
− 1) = u′(ct)[x(St)F

′
r(t)− Λ∗1t] (43)

which coincides with (20) after canceling out the private discount factor. Moreover, plug the

capital income subsidy rate into (41) in order to get

βu′(ct+1)(1 +
β̂

β
− 1)x(St+1)F

′
k(t+ 1) = u′(ct)

which coincides with (21) after canceling out the private discount factor. The feasibility

constraints and transversality conditions are satisfied by definition of the competitive equi-

librium. This completes the proof that all conditions for a competitive equilibrium with taxes

are satisfied by the optimal allocation.
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