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Abstract

We study the link between household inequality and carbon taxes. First, using detailed
household expenditure and embodied emissions data, we document that low-income
household expenditures have higher embodied emissions per dollar than that of high-
income households, suggesting that a carbon tax may be regressive. Second, using a
simple climate-economy model with unequal households, we show that when the planner
has access to a full set of tax and transfer instruments, the optimal carbon tax follows
the Pigouvian rule and is the same tax that would result from a representative agent
framework. However, when the planner is not allowed to distribute resources across
agents, the constrained optimal carbon tax is heterogeneous: higher income households
are taxed at a higher rate because of their lower marginal utility. When the planner
is further limited to uniform carbon taxes across agents, we show that the uniform
constrained optimal carbon tax deviates from the Pigouvian rule and is lower than the
unconstrained optimal carbon tax. Finally, we embed the simple climate-economy into
a standard incomplete markets model to quantify the effectiveness of these policies in
reducing carbon emissions and their distributional consequences.
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1 Introduction

Climate change is increasingly becoming an important issue policymakers must address, with

major international organizations labeling it “the single biggest health threat facing human-

ity” (World Health Organization) and “the defining issue of our time” (United Nations).

Economists broadly support a carbon tax to combat climate change, as virtually all Eco-

nomic Experts Panel members agree with the statement that carbon taxes “would be a less

expensive way to reduce carbon-dioxide emissions than would a collection of [other] policies.”2

While many first generation climate-economy models used representative agent economies to

determine the optimal carbon tax, a more recent line of research considers models with het-

erogeneity, especially along sectoral or geographic dimensions. Our paper contributes to this

literature by studying the role that consumption inequality plays on the optimal design of

carbon taxes and their unequal effects in the economy.

Using detailed household expenditure and embodied emissions data, we first document

that the embodied carbon content of household expenditures is higher per dollar for low-

income households, relative to that of high-income households. Furthermore, the emission

intensity of household expenditures is decreasing in wealth as well. This suggests that a flat

carbon tax would disproportionately affect low-income households. Based on this observation,

we proceed to study whether or not a uniform carbon tax is optimal in an unequal world,

and what climate policy could do to mitigate the unequal effects of such a tax.

To develop the analysis, we build a simple climate-economy model with clean and dirty

goods and heterogeneous households. Consumption of dirty goods adds carbon to the atmo-

sphere, generating a welfare loss (“a climate externality”). Households differ in their initial

labor endowments and supply labor inelastically. The consumption goods are produced using

a linear technology. The static nature of the model, where the dynamics are built exclusively

on the stock of carbon that accumulates over time, lends tractability to the model and allows

us to characterize the optimal climate policy in closed-form.

We first show that, not surprisingly, a government with access to a complete set of instru-

ments, including household-specific taxes and lumpsum transfers, can resolve any existing

inequality, and the optimal carbon tax is the same that would prevail in a representative

agent framework. In this economy, the preferences of the representative consumer determine

the pricing of the climate externality. That is, the social cost of carbon that measures the

2See https://www.kentclarkcenter.org/surveys/carbon-tax/.
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externality is priced at the marginal utility of the representative household.

We proceed to study a constrained-optimal outcome where we prevent the policy design

from prescribing redistribution of resources across households. We also restrict attention to a

utilitarian planner. This is to focus the analysis on efficiency, using climate policy to correct

an externality rather than as a means of redistribution. Nevertheless, as suggested by our

data analysis, climate policy can have unequal effects on individuals, introducing additional

economic inequality. Thus, we also restrict attention to climate policies that are neutral in

terms of the initial distribution of income. The climate policy we study takes pre-existing

inequality as given, and is designed to correct any distributional effects associated with the

policy itself.

The first main result of the paper shows that the constrained-optimal carbon policy is

a set of carbon taxes. Each consumer pays the social cost of carbon priced at her pri-

vate valuation (i.e., her marginal utility), leading to higher carbon taxes for high income

consumers. Thus, the constrained-optimal carbon tax of a heterogeneous economy is het-

erogeneous itself. Households get their tax payment rebated back as a lumpsum transfer.

This household-specific tax-and-transfer policy, effectively preserves the initial distribution

of resources across households. While some redistribution occurs through the implementa-

tion of differential tax rates, there are no direct transfers of resources between individuals.

In the quantitative exercise, we address the effectiveness of this policy in controlling carbon

emissions and fixing the climate externality.

We further study the optimality of a uniform carbon tax, the one considered in most policy

proposals. As discussed above, a uniform carbon tax is not the outcome of an optimal policy

design problem in an economy with heterogeneous households. Thus, we add uniformity of

the tax rate as an additional constraint in the policy design problem. As a result, we find

that the uniform constrained-optimal carbon tax deviates from the classic Pigouvian rule. In

this case, the tax equals the climate externality, priced at a weighted average of individual

marginal utilities. This is the central theoretical finding of the paper. When the coefficient

of relative risk aversion is greater than one, the average marginal utility is higher than the

marginal utility of average consumption, resulting in a lower carbon tax than the tax in a

representative agent framework.

To quantify the effectiveness of these policies in reducing carbon emission and their dis-

tributional consequences, we embed the simple climate-economy model into a standard in-

complete market model. The main departure from the simple model is that we allow for
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endogenous labor and savings decisions. We calibrate the model’s climate parameters so

that economic activities generate the same level of global emissions as in the data and con-

tribute to temperature rises that are consistent with recent estimates.

We then solve the model under several climate policy scenarios. We start by asking the

model what happens if no carbon mitigating policy is adopted, the so called ’business as

usual’ (BAU) case. In our baseline model, BAU leads to a rise of approximately 2 degrees

Celsius over the next two centuries, and more than 4 degrees Celsius in the long run. With

the BAU climate transition in hand, we contrast it with alternative transition paths arising

from permanently adopting the optimal carbon tax and transfer schemes uncovered in the

analytical framework. First, we solve for the uniform carbon tax combined with a household-

specific transfer which fully rebates each household’s carbon tax payment. The equilibrium

carbon tax schedule initializes at $41 per ton and rises gradually over time to a long run

value of $77 per ton as the social cost of carbon increases. Next, we solve for a proxy to

the constrained efficient (non-uniform) carbon tax where each household’s carbon tax rate is

function of their current labor productivity draw. Because productivity shocks are persistent,

there is a positive correlation between a household’s labor productivity and their wealth. The

value of the carbon tax ranges from $10 per ton for the poorest households to $8,400 per ton

for the richest. Just as in the uniform case, all tax rates rise over time with the social cost

of carbon.

Both policies reduce the carbon emissions considerably and lower temperatures relative

to doing nothing, but the biggest effects appear far in the future. The heterogeneous carbon

tax, which produces the strongest reduction in carbon accumulation relative to BAU, lowers

long run temperatures by approximately 1.5 degrees Celsius compared to the baseline.

Literature Review. This paper contributes to an expanding body of literature that delves

into heterogeneous agent economies and incomplete markets, building upon the foundational

work of Nordhaus and Boyer (2003) (and its contemporary version of Golosov et al. 2014) on

representative agent neoclassical growth economies with climate dynamics. Recent notable

contributions to this literature are Krusell and Smith Jr. (2022), Fried et al. (2018), Douenne

et al. (2023), Belfiori and Macera (2024), and Fried et al. (2023). The work most closely

related to our paper is Fried et al. (2023), who build a life-cycle model with heterogeneous

consumers to study the welfare and inequality implications of carbon taxation. Similar to

our work, their model includes low-income households who spend relatively more on dirty

3



goods, which is captured through Stony-Geary preferences. However, this paper is different

in that we take an optimal policy approach. While Fried et al. (2023) studies the welfare

consequences of alternative ways to rebate the revenue from an exogenously given carbon

tax, we characterize and quantify the effect of the constrained-optimal climate policy (taxes

and lump-sum transfers) in the economy with heterogeneity. Furthermore, our paper dis-

tinguishes itself by focusing solely on carbon taxes and transfers, without considering their

interaction with other distortionary taxes. In this regard, the paper differs also from Douenne

et al. (2023) who study carbon taxation under a distortionary fiscal policy in a model with

heterogeneous agents.

The paper is also closely related to Jacobs and van der Ploeg (2019) who study optimal

carbon taxes in an economy with clean and dirty consumption and heterogeneous households.

We share with Jacobs and van der Ploeg (2019) the optimal policy approach. However, our

work differs from theirs because we do not explore the interaction of optimal carbon taxes

with redistribution tools and other distortionary taxes. Instead, this paper restricts the

analysis to optimal climate policy from a pure efficiency perspective. In particular, the goal

of this paper is to look for climate policies that are neutral in terms of the existing income

distribution (something not considered in either Jacobs and van der Ploeg 2019 or Fried et al.

2023).

The paper connects also to another strand of literature that emphasizes the distributional

role of carbon tax revenue. Rausch et al. (2011) studies the distributional impacts of carbon

taxation using a static large-open economy version of the MIT U.S. Regional Energy Policy

(USREP) model, a multi-region and multi-sector general equilibrium model for the U.S.

economy. Pizer and Sexton (2019) studies the distributional consequences of energy taxes

using data from the 2014 U.S. Consumer Expenditure Survey. Fullerton and Monti (2013)

build an analytical general equilibrium model with two agents and two goods. In the model,

there is a two-sector economy with the production of a clean and a dirty good. The paper’s

central question is whether a rebate to low-income households can overcome the regressive

effect of a carbon tax, and they find that it can not. Goulder et al. (2019) assesses the

impacts of a carbon tax across U.S. household income groups considering the supply and

demand side effects of the tax. They find that the demand-side effects of a carbon tax are

regressive, while the supply-side impacts are progressive.

Our empirical work is closely related to Grainger and Kolstad (2010) and Sager (2019),

who also document how emissions embodied in household expenditures vary with income. We
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focus on how embodied emissions intensities (emissions per dollar spent) varies with income,

a relation that crucially informs our model calibration. We also show that these relations

are robust to including variables such as education and wealth, which are also important

determinants.

The paper is organized as follows. Section 2 uses data on household expenditure and

embodied emissions to document how emissions intensities differs across income and wealth.

Section 3 presents a simple model with unequal agents and climate change and Section 4

provides the analytical characterizations. Section 6 presents the quantitative model and

Section 7 describes the quantitative results. Finally, Section 8 concludes with directions for

future research.

2 Data

Our goal is to document the embodied emissions content of household expenditures and

how it differs across the income and wealth distribution. We combine data on household

expenditures, income, and (liquid) wealth from the Consumer Expenditure Survey (CEX)

with data on embodied emissions from the Environmental Protection Agency (EPA). The

emissions data includes Carbon Dioxide (CO2) emissions and other greenhouse gases such

as Methane and Nitrous Oxide, converted to CO2 equilvalents using the Intergovernmental

Panel on Climate Change (IPCC) Assessment Report’s global warming potential over 100

years. It covers supply chain emissions (from cradle to factory gate) and margins (from

factory gate to shelf, including transportation, wholesale, and retail).

To combine the expenditure data with the emissions data, we first construct a concor-

dance to map 671 Universal Classification codes (UCC) for CEX expenditures to 394 North

American Industry Classification System (NAICS) codes used in the emissions dataset (EPA).

For example, the UCC code 100210 (cheese) is linked to the NAICS-6 code 311513 (cheese

manufacturing), which is associated with 1.585 kilograms of CO2-equivalent embodied emis-

sions per 2018 dollar spent. As another example, the UCC code 560110 (physician services)

corresponds to the NAICS-4 code 6211 (offices of physicians), which is associated with 0.082

kilograms of CO2-equivalent embodied emissions per dollar.3

The CEX microdata consists of two surveys: The Diary Survey collects detailed expendi-

ture on a subset of household expenditures (especially for groceries, such as flour, rice, and

3The full concordance is provided online.
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white bread) for two consecutive weeks and the Interview Survey collects more aggregated

expenditures that cover most household expenditures (e.g. food at home, college tuition,

camping equipment, and airline fares) for 1 year. Though the two surveys are not linked,

we use the detailed food and beverage expenditures from the Diary survey to estimate an

embodied emission function and apply to the Interview data on food and beverages at home.

For all other Interview expenditure categories, we use the constructed UCC-NAICS concor-

dance to directly calculate embodied emissions. Finally, we include direct tailpipe emissions,

first by dividing fuel and diesel expenditures by the average state price to calculate gallons,

and then multiply by tailpipe emissions, about 9 kilograms of CO2 per gallon driven (EPA).4

Using the constructed dataset, we document that the emission intensity of household

expenditures is decreasing in both income and wealth. That is, the expenditures of lower

income and lower wealth households are associated with higher embodied emissions per dol-

lar spent. Figure 1 plots the average embodied emissions per dollar spent by income and

wealth decile. Emission intensity is clearly decreasing in both income and wealth, with the

expenditure of the lowest income and wealth households associated with about 25 additional

kilograms of CO2 equivalent emissions per one hundred dollars spent than the highest income

and wealth households.

Figure 1: Embodied emissions
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We further break down the source of this variation by broad expenditure categories. In

Table 1, we can see that low-income households’ expenditure baskets are more tilted toward

4See https://www.fueleconomy.gov/feg/label/calculations-information.shtml.
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expenditure categories with the highest emission intensities (utilities, transportation, and

food and beverages at home), relative to high-income households. High-income households

spend relatively more on all other expenditures, which are associated with lower emission

intensities (including entertainment, education and child care, and health care).

Table 1: Embodied emissions and expenditure shares

Expenditure category
Embodied emissions Expenditure shares (percent)

(CO2 kg/dollar) Low income High income

Utilities 1.71 9.1 5.1

Transportation 1.16 18.4 16.0

Food and beverages at home 0.80 14.1 7.7

Other expenditures 0.11 58.4 71.2

High and low income correspond to the top and bottom deciles of income, respectively, conditional on working age.

To document the relationship between income and wealth and embodied emissions inten-

sities more systematically, we regress the intensities on the natural logs of income and wealth

in Table 2. Columns (1)–(2) demonstrate that wealth and income are negatively associated

with embodied emission intensities, statiscally significant at the 1 percent level. Column

(3) shows that this result is robust to controlling for education, age, and family size fixed

effects. These effects are also economically significant: Using the coeffcients in column (3),

one standard deviation increases in log income and wealth are associated with 2.1 and 6.2

percentage point increases in the embodied emission intensities.

3 A Simple Model

In the previous section, we documented that the emissions embodied in household expen-

ditures substantially varied with income and wealth, suggesting that a carbon tax would

have unequal consequences across households. In this section, we develop a simple model

of unequal households and climate change to study how the optimal carbon tax depends on

underlying inequality.

Consider an economy populated by a continuum of households, indexed by i with measure

µi. There are two consumption goods, clean and dirty: cct and cdt. Consumption of the dirty

7



Table 2: Embodied emission intensity

(1) (2) (3)

Wealth −2.48∗∗∗ −1.87∗∗∗

(0.131) (0.175)

Income −4.70∗∗∗ −2.14∗∗∗

(0.243) (0.612)

Observations 1488 5102 1488

Adjusted R2 0.195 0.068 0.241

Standard errors in parentheses. (3) additionally includes college,

age, and family size fixed effects. ∗∗∗ represents statistical signifi-

cance at the 1 percent level.

good adds carbon to the atmosphere, St, which evolves according to:

St+1 = (1− δ)St + υ
∑
i

µic
i
dt (1)

where δ is the natural rate of carbon re-absorption and υ is the carbon content of dirty good

consumption.

Households’ preferences over consumption are given by:

∞∑
t=0

βt [u(cct, cdt)− x(St+1)] (2)

where x(S) is the climate damage function with x′(S) > 0 and x′′(S) > 0. The function x

subsumes the welfare losses from the presence of carbon in the atmosphere, and we assume

these losses take the form of a utility cost. In the quantitative exercise, we additionally

consider the mapping from the carbon stock to the global temperature, and we include into

x all climate-related welfare losses regardless of whether they are utility or output related.

Therefore, x in the model represents global climate change.

The utility over consumption takes the following form:

u(cct, cdt) =

(
(cct + c̄)γ c1−γ

dt

)1−κ

1− κ
(3)

where γ represents preference over clean consumption and c̄ > 0 is the non-homotheticity

parameter, which allows the model to match the differences in embodied emissions intensities

across households documented in Section 2. Additionally, we assume that κ > 1.
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Households are endowed with εi units of labor (inelastically supplied) and choose con-

sumption to maximize utility (2) subject to the following set of budget constraints

pdt(1 + τ it )c
i
dt + pctc

i
ct ≤ wtε

i + pctT
i
t (4)

for every period t where pjt is the price of good j = c, d and wt is the wage. Additionally, τ it

is a carbon tax on dirty good consumption and T i
t is a lump-sum transfer.

A government collects carbon taxes and uses the proceeds to finance government spending

and lump-sum rebates/taxes to households. There are no other distortionary taxes available.

The budget constraint of the government for every period t is:∑
i

τ itµic
i
dt = gt +

∑
i

µiT
i
t (5)

There are two production units, the clean and the dirty good producers indexed by j. A

representative firm uses labor as the only input in each sector according to a linear technology.

Thus, the aggregate production of the clean and the dirty good is given by Yct = Nct and

Ydt = Ndt, respectively.

Finally, market clearing for each period t requires that

Nct +Ndt =
∑
i

µiε
i (6)

Nct =
∑
i

µic
i
ct + gt (7)

Ndt =
∑
i

µic
i
dt (8)

Definition 1 (Competitive Equilibrium with Carbon Taxes) A competitive equilibrium

with taxes {τ it , T i
t }

∞
t=0 is a sequence of prices {pct, pdt, wt}∞t=0 and allocations

{
{cijt, Njt}j=c,d

}∞
t=0

such that (i) given prices and taxes, households choose {cict, cidt}
∞
t=0 to maximize (2) subject to

(4) for all i; (ii) given prices, firms of sector j = {c, d} choose {Njt}∞t=0 to maximize profits;

(iii) the government budget constraint (5) is satisfied; (iv) the stock of atmospheric carbon

evolves according to (1), and (v) prices clear the markets.

At an interior solution, household and firm optimality conditions imply:

uidt
uict

= 1 + τ it (9)

which states that the marginal rate of substitution between clean and dirty consumption

equals the relative price for every period t. In this economy, profit maximization on the

firm’s side implies that pdt = pct = wt = 1 in every period t.
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4 Analytical Results

4.1 Optimal Carbon Tax

We aim to study how the optimal carbon tax depends on underlying inequality. As a bench-

mark case, we first consider a framework that resembles a representative agent economy.

Specifically, we consider a government with access to a complete set of instruments, includ-

ing type-specific taxes and lump-sum transfers, and no financing needs. The government

collects carbon taxes and rebates the revenue to households as lumpsum transfers.

The optimal carbon tax and transfer scheme arise from implementing the socially optimal

allocation as a competitive equilibrium.

Definition 2 (Optimal Allocation) Let {αi}∀i be an arbitrary set of Pareto weights with∑
i α

i = 1. The socially optimal allocation is the sequence {ci⋆dt(αi), ci⋆ct(α
i), S⋆

t }∞t=0 that solves

the social planner’s problem, which is to maximize

∑
i

αi

[
∞∑
t=0

βt
(
u(cict, c

i
dt)− x(St+1)

)]
(10)

subject to the carbon cycle (1) and the resource constraint∑
i

µic
i
ct +

∑
i

µic
i
dt =

∑
i

µiε
i (11)

The first order conditions for this problem are:

(cidt) : αiu
i
dt − υµiσt − µiλt = 0 (12)

(cict) : αiu
i
ct − µiλt = 0 (13)

(St+1) : −βtx′(St+1) + σtβ
t − σt+1β

t+1(1− δ) = 0 (14)

where σt and λt are the Lagrange multipliers on the carbon cycle and resource constraint,

respectively. Iterating forward from (14), we have:

σt =
∞∑
j=1

[β(1− δ)]j−1 x′(St+j) (15)

The social cost of carbon is the discounted sum of climate-induced welfare losses associated

with dirty consumption.
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Notice that equations (12)–(13) hold for all i. Thus, for all i

λt + σt =
αi

µi

uidt, (16)

λt =
αi

µi

uict. (17)

That is, weighted marginal utilities are equated across agents. This implies that, for all i, j

uidt
uict

=
ujdt
ujct

, (18)

meaning that the marginal rate of substitution between goods are equated across agents.

Combine (16)–(17) to obtain:

1 +
σt
λt

=
uidt
uict

(19)

The optimality condition says that the marginal utility must be equal across goods, after

taking into account the climate externality.

Uniform Carbon Taxes. It follows from a simple observation of optimality conditions

(19) and (9) that the optimal Pigouvian tax that implements the socially optimal allocation

is

τ ⋆t ≡ υσt∑
i αiuict

. (20)

Given the choice of Pareto weights, lumpsum transfers are equal to T i
t (αi) = (1+τt)c

i
dt+c

i
ct−εit

so that weighted marginal utilities are equated as in equations (16)–(17).

The carbon tax in (21) is the same for all households and equals the social cost of carbon,

valued in mean consumption units. Hence, a uniform carbon tax - the rule that prevails in a

representative agent economy - is also optimal in economies with heterogeneous agents when

lumpsum transfers are available. Of course, the actual tax rate depends on the allocation,

which varies with alternative welfare weights. Importantly, the climate policy is not entirely

uniform as it contains consumer-specific lumpsum transfers. Moreover, this uniform carbon

tax entails a significant redistribution of resources across households implemented through

the transfers.

Utilitarian Carbon Taxes. When the planner is utilitarian (i.e., αi = µi), marginal

utilities and both clean and dirty consumption are equalized across agents. In this case, the

optimal allocation coincides with the one that prevails in a representative agent economy,

and the optimal tax is the same. Using (21), the Utilitarian carbon tax, τUt is equal to

τUt ≡ υσt
uct

. (21)
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where uc indicates the marginal utility of clean consumption, which does no longer depend

on i. As a result, a dichotomy emerges in policy design regarding policy objectives and

instruments: while the carbon tax addresses the climate externality, transfers effectively

eliminate inequality within the economy.

Negishi Carbon Taxes. The planner can, of course, resolve the existing inequality

when unrestricted lumpsum transfers are available. This is true in general, regardless of the

presence of a climate externality. Given the existing inequality, it is natural to restrict the

planner’s ability to redistribute resources to be able to study the effects of climate policy

in an unequal economy. A natural way to do this is by considering a planner with Negishi

Pareto weights:

αi ≡
1
ui
ε
µi∑

i
1
ui
ε
µi

(22)

where the welfare weights are equal to the inverse of the marginal utilities of individual´s
total consumption, that we denote by uiϵ to indicate that each consumer´s total consumption

is equal to her endowment as Negishi weights rule out transfers across consumers. Using

(21), the Negishi carbon tax, τNt , is equal to

τNt =
υσt∑

i

1

uiε
µi∑

j
1

u
j
ε
µj
uict

. (23)

Each consumer receives a rebate back with her tax bill so that individual transfers are equal

to T i
t = τtc

i
dt for every period t.

4.2 Constrained-Optimal Carbon Tax

A Negishi planner weighs the welfare of high-income households more heavily and avoids

any redistribution, ruling out net transfers across households. In this subsection, we will

restrict attention to a utilitarian planner who weighs consumers equally using the population

measures.

In this section, we constrain the utilitarian planner to choosing allocations that imply no

resource transfers across households, thereby maintaining the heterogeneous nature of the

economy. Lumpsum transfers are limited to rebates of individual tax bills to each household.

The goal is to explore how the constrained-optimal carbon tax in an unequal economy differs

from the optimal carbon tax when a fully-fledged transfer mechanism is available, as in

Section 4.1.

12



The analysis establishes a nuanced distinction. While we want to prevent a planner from

using climate policy to address existing inequality - something a utilitarian planner with

unrestricted transfers will do - we do want to consider climate policies that counteract any

impact the climate policy itself might have on existing inequality. As described in Section 2,

carbon taxes can be regressive. This paper focuses on studying carbon taxes that are neutral

in terms of their effect on the current income distribution.

4.2.1 A Climate Policy Neutral on the Income Distribution

Consider a transfer scheme in which the government rebates the proceeds from carbon tax-

ation back to each household, effectively keeping the underlying distribution of resources

across households unchanged. This climate policy takes inequality as given and preserves its

initial level.

Specifically, transfers are equal to

T i
t = τ it c

i
d,t (24)

for all i and t. Plugging the transfer scheme (24) into the household budget constraint,

the planner is now constrained to consider only allocations that satisfy the following imple-

mentability condition:

cic,t + cid,t ≤ εi (25)

for all i and t.

Condition (25) is certainly more restrictive than the feasibility condition (11) and prevents

the utilitarian planner from pursuing further redistribution. The constrained-optimal carbon

tax and transfer scheme arise from implementing the constrained-optimal allocation as a

competitive equilibrium.

Definition 3 (Constrained-Optimal Allocation) The constrained-optimal allocation is

the sequence {cidt, cict, St}∞t=0 that solves the constrained-optimal utilitarian social planner’s

problem, which is to maximize social welfare (10), with αi = µi for all i, subject to the carbon

cycle (1) and the implementability condition (25).

The first order conditions for this problem are:

(cidt) : u
i
dt − υσt − λit = 0 (26)

(cict) : u
i
ct − λit = 0 (27)

(St+1) : −βtx′(St+1) + σtβ
t − σt+1β

t+1(1− δ) = 0 (28)
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where µiλ
i
t is the Lagrange multiplier on the implementability condition (25).

Combine equations (26) and (27) to obtain:

uidt = uict

(
1 +

υσt
uict

)
(29)

In contrast to the optimal allocation, the weighted marginal utilities in (26) and (27) and

the marginal rate of substitution between consumption of clean and dirty goods in (29) are

not necessarily equal across agents.

It follows that the constrained-optimal carbon tax is no longer uniform. The following

proposition characterizes the constrained-optimal carbon tax. The proof is in Appendix A.

Proposition 1 (Constrained-Optimal Carbon Tax) Suppose that the constrained-optimal

allocation is {cidt, cict, St}∞t=0 for all i. Then, there exists a sequence of prices {wt, pct, pdt}∞t=0

such that the allocation is a competitive equilibrium with taxes given by

τ it =
υσt
uict

∀i. (30)

The revenue is rebated back to the consumer with transfers equal to T i
t = τ it c

i
d,t for every

period t and for all i.

The constrained-optimal carbon tax in (30) equates the social cost of carbon, valued in

units of the consumption good for each consumer. Thus, the constrained-optimal carbon tax

of a heterogeneous economy is heterogeneous itself. For each individual, the social cost of

carbon is valued at her marginal utility. Because households with lower income have a higher

marginal utility, it is easy to show that

τ jt < τ kt

for all j and k with εj < εk.

Therefore, the constrained-optimal carbon tax calls for a higher rate for households with

higher incomes. Notice that, absent any transfer of resources across consumers, some redis-

tribution still occurs through the differential tax rates. In this way, the carbon tax serves a

dual role of achieving efficiency by correcting the externality and addressing equity through

some redistribution.
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4.2.2 A Uniform Carbon Tax

A uniform carbon tax is the rule considered in most policy proposals. However, it is interest-

ing to notice that it is not the optimal tax rate in a heterogeneous economy when transfers

across consumers are ruled out. To obtain a uniform carbon tax as the outcome of an opti-

mal policy design problem in an economy with heterogeneous households, uniformity of the

tax rate must be added as an additional constraint in the planning problem. From (9), this

constraint expressed in terms of the allocation is given by:

uidt
uict

=
ujdt
ujct

for all i, j. Furthermore, for standard CRRA preferences of the form specified in (3), the

constraint can be written as (
cict + c̄

)
cjdt =

(
cjct + c̄

)
cidt (31)

for all i, j.

The following proposition characterizes the constrained-optimal climate policy in an econ-

omy where the planner is fully constrained from using climate policy to redistribute resources

across households. In the model, this restriction implies no direct transfer of resources across

individuals and uniform carbon taxes.

Proposition 2 (Constrained-Optimal Uniform Carbon Tax) Suppose that the alloca-

tion {cidt, cict, St}∞t=0 solves the constrained-optimal planner’s problem with the additional con-

straint (31). Then, there exists a sequence of prices {wt, pct, pdt}∞t=0 such that the allocation

is a competitive equilibrium with taxes given by

τt =
υσt∑

i
µicit∑
j µjc

j
t

uict
(32)

with cit ≡ cict+ c̄+ c
i
dt. The revenue is rebated back with transfers equal to T i

t = τ it c
i
dt for every

period t and for all i.

The constrained-optimal uniform carbon tax follows the Pigouvian rule, but uses a

weighted average of marginal utilities to price the climate externality (as opposed to the

marginal utility of the average household in the optimal carbon tax). For a given social cost

of carbon, this will result in a lower carbon tax in an economy with inequality compared to

a representative agent one, provided that the risk aversion κ is greater than one.
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The actual value of the social cost of carbon will also differ in an economy with and without

inequality, adding an additional source of potential differences in the tax rates. While it is

not possible to characterize these differences in the social cost of carbon analytically, we

address them numerically in the quantitative exercise in the following section.

Two central takeaway lessons arise from the analysis. The first is that uniform carbon

taxes, considered in most policy proposals, are not the optimal policy in an unequal world.

While there exist instruments (i.e., income taxes) to deal with prevailing inequalities, a

uniform carbon tax policy itself introduces new sources of inequality that climate policy can

potentially address. A social planner would want to resolve resulting inequality from carbon

taxation using lump-sum transfers and type-specific carbon taxes. This optimal climate

policy keeps pre-existing inequality unchanged.

Second, provided that uniform taxation is explicitly imposed as a policy restriction, the

constrained-optimal carbon tax in the economy with heterogeneity is likely to be lower than

that in a representative agent world. The observed distribution of consumption in the econ-

omy plays a crucial role in the differential tax rates. This is due to convexity of consumer’s

preferences and to the social cost of carbon being priced at a weighted average of consumers’

marginal utilities, instead of the marginal utility of the representative agent.

In the next section we do a quantitative exploration of these taxes rates. To do this we

extend the simple model by including endogenous labor and savings decisions and a richer

fiscal policy.

5 The Quantitative Model

Consider a version of the economy where households have preferences over consumption,

labor, and climate that are given by:

E0

∞∑
t=0

βt
[
u(cict, c

i
dt)− v(ni

t)− x(St+1)
]

(33)

where v(n) is the disutility of labor and takes the form

v(n) = ϕ
n1+ν

1 + ν
, (34)

where ϕ and ν govern the disutility of labor and the Frisch elasticity of labor, respectively.

Households supply ni
tε

i
t efficiency units of labor, where ni

t and ε
i
t denote hours supplied and

labor productivity, respectively. We assume that εit follows a Markov process with transition
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matrix π
(
εit, ε

i
t+1

)
. A household receives a wage wt for each efficiency unit of labor. The

government collects taxes or provides transfers. The earnings tax bill for a household with

pre-tax earnings y = wtn
i
tε

i
t is

Tt (y) = y − ỹνy
1− τy
1− νy

y1−νy , (35)

where ỹ denotes average earnings in the economy.5 The parameter τy shifts the average

tax rate while νy controls the progressivity of the tax schedule. When νy = 0, all earnings

levels are taxed at the same flat rate of τy. As νy increases, the tax function becomes more

progressive.

There are no state-contingent claims, so households insure against labor productivity risk

by accumulating capital. The law of motion for capital follows k′ = k(1− δk) + x, where δk

is the depreciation rate of capital and x is investment. A unit of capital has a gross return

of rt + (1− δk). Capital income (net of depreciation) is taxed at a flat rate of τkt.

Production of both clean and dirty goods uses labor and capital according to a CRS

technology:

Yjt = ztK
α
jtN

1−α
jt . (36)

The producer of good j = c, d solves a static profit maximization problem,

max
Njt,Kjt

pjtYjt − wtNjt − rtKjt (37)

s.t. (36).

Optimality implies that pjt =
1
zt

(
wt

1−α

)1−α ( rt
α

)α
in every t.

We normalize the price of the clean good pct = 1. Then, it follows that pdt = 1. Finally,

we assume that the investment good is produced using the clean good.

5.1 A Competitive Equilibrium with Carbon Taxes

In a competitive equilibrium with taxes, a government levies a carbon tax on dirty good

consumption and uses the revenue to finance government spending and/or lumpsum transfers.

The budget constraint of the government for every period t is:

gt +
∑
i

µiTr
i
t =

∑
i

µi

(
τdtc

i
dt + Tt(wtε

i
tn

i
t) + τkt(rt − δk)k

i
t

)
. (38)

5Heathcote et al. (2017) shows that this functional form approximates the US system of income-dependent

taxes and transfers well.
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Households choose consumption, labor, and savings to maximize utility (33) subject to

the following set of budget constraints,

(1 + τdt)c
i
dt + cict + (kit+1 − kit) ≤ wtε

i
tn

i
t − Tt(wtε

i
tn

i
t) + (1− τkt)(rt − δk)k

i
t + Trit (39)

for every period t.

Definition 4 A competitive equilibrium with taxes {τdt, τkt, Tt(·), T rit}
∞
t=0 is a sequence of

prices {wt, rt}∞t=0 and allocations
{
{cict, cidt, ni

t, k
i
t+1}i, {Ljt, Kjt}j

}∞
t=0;

such that, for all t ≥ 0,

1. given prices and taxes, households choose
{
cict, c

i
dt, n

i
t, k

i
t+1

}∞
t=0

to maximize (33) subject

to (39) for all t;

2. given prices, firms of j ∈ {c, d} choose {Ljt, Kjt}∞t=0 to solve (37);

3. markets clear

Nct +Ndt =
∑
i

µiε
i
tn

i
t, (40)

Kct +Kdt =
∑
i

µik
i
t (41)

Yct = gt +
∑
i

µi

(
cict + kit+1 − (1− δk)k

i
t

)
, (42)

Ydt =
∑
i

µic
i
dt; (43)

4. the stock of atmospheric carbon evolves according to (1);

5. the government budget satisfies (38).

6 Quantitative Results

We quantify the effect of inequality on the optimal carbon tax and to measure the distribu-

tional consequences of climate policy.

18



6.1 Calibration

We calibrate the model’s economic parameters to match standard moments, summarized in

Table 3. We describe the calibration of the model’s climate parameters below.

We follow Golosov et al. (2014) in assuming that the stock of atmospheric carbon affects

temperature changes according to:

Tt =
λ

log(2)
log

(
St

S

)
, (44)

where λ = 3 and S̄ = 581 represents the pre-industrialization carbon stock (in gigatons).

This parametrization implies that, for each doubling of the carbon stock, the temperature

increases by 3 degrees (celcius). We set S2023 = 785 to match the temperature rise of 1.3

degrees from the pre-industrial mean.

Our carbon disutility takes the form:

x(S) =
Ψ

2
S2. (45)

We calibrate Ψ so that the welfare loss associated with a 2.5 degree increase is equivalent

to that from a 1.74 percent decline in output, which combines the production and utility

damages used in Barrage (2020).

We calibrate υ so that under a business-as-usual (BAU) scenario, there is an additional

1.4 degree increase in temperature from 2023 to 2100 (for a total of 2.7 degree increase from

pre-industrial levels).6 We set the rate of natural reabsorption to 1/300 so that the average

life cycle of carbon is 300 years (Archer 2005). The dirty share, γ, is set such that a $50/ton
carbon tax leads to 0.8 degree reduction from BAU, consistent with Krusell and Smith Jr.

(2022). The nonhomotheticity parameter, c̄, is calibrated so that the emissions intensity is

31 percent higher for households in the bottom 10 percent of income relative to those in the

top 10 percent.

Because high-income, high-wealth households account for the bulk of consumption and

therefore also of emissions, it is important that the model generates a distribution that is

skewed in both of these dimensions. To achieve this, we employ a common strategy from

the literature and include a superstar state in the Markov chain for the productivity process

(Castaneda et al., 2003). To calibrate this Markov chain, we first approximate an AR(1)

process (in logs) using the Rouwenhorst method (Kopecky and Suen, 2010) with nine normal

6See https://climateactiontracker.org/global/cat-thermometer.
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Table 3: Calibration

Parameters Values Targets / Source

Preferences
Discount factor, β 0.96 capital-to-output: 4.8
Risk aversion, κ 2 standard value
Disutility from labor, ϕ 20.3 average hours: 30 percent
Frisch elasticity, 1/ν 0.50 standard value

Climate parameters
Carbon absorption, δ 1/300 average life of carbon: 300 years
Carbon intensity, υ 326.4 1.4 degree increase by 2100 under BAU
Utility loss, ψ 0.03 welfare loss from 2.5 degree increase

≈ 1.74 percent output reduction
Dirty share, γ 0.02 $50/ton carbon tax leads to

0.8 degree reduction from BAU
Nonhomotheticity, c̄ 0.33 emissions intensity 31 percent higher for

low-income than high-income households
Fiscal parameters
Average, τy 0.25 average net tax rate: 13 percent
Progressivity, νy 0.16 37.9 percent marginal tax rate on top 1

percent earner
Capital, τk 0.27 Carey and Rabesona (2002)

Technology and shocks
Capital weight, α 0.36 capital income share: 36 percent
Capital depreciation rate, δk 0.05 standard value
Persistence of wage process, ρ 0.94 author estimates
Standard deviation, σε 0.24 Gini coefficient of earnings: 0.47
Superstar productivity, εsup 162.6 wealth share top 1%: 34%
Persistence of superstar state, π10,10 0.94 Gini coefficient of wealth: 0.83
Probability of becoming a superstar, π1:9,10 6e-5 fraction of superstars: 0.1%
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(i.e., non-superstar) states. The persistence of the process for these states is set to 0.94 as

measured in the PSID. Next, we jointly calibrate the the standard deviation of the normal

process, the value of superstar productivity, and the persistence of the superstar state to

target three moments from the data: a Gini coefficient of earnings of 0.47, a top 1 percent

wealth share of 0.34, and a Gini coefficient of wealth of 0.83. The probability of becoming

a superstar from any normal state is set so that superstars account for 0.1 percent of the

population. When a household exits the superstar state, its new productivity level is drawn

from the ergodic distribution over the normal states.

7 Quantitative Analysis

Next, we use the calibrated model to measure the distributional effects of climate policy. We

begin by contrasting the outcome of two carbon tax policies: one in which the government

levies the same flat rate, τct, on all households according to the uniform constrained efficient

carbon tax formula in (32) under utilitarian weighting (i.e., αi = µi), and a second one,

in which the carbon tax schedule places higher tax rates on more productive households,

consistent with the constrained efficient carbon tax in (30). In the latter case, carbon tax

rates, τct(ε), are determined by the utilitarian-weighted version of (30), where the marginal

utility of clean consumption is evaluated using the average consumption within a productivity

(ε) group.7

Notice that in both cases, the optimal tax schedule is a function of endogenous variables,

since both the present discounted social cost of carbon and the marginal utility of consump-

tion depend on the taxes households face. Therefore, as part of the solution to this exercise,

we must find a fixed point in the space of optimal proportional carbon tax sequences. To do

this, we first solve the transition under business-as-usual (i.e., no carbon taxation). Then we

feed the equilibrium paths for the carbon stock, the distribution of wealth, and household

consumption decisions in the optimal tax formula to compute a new sequence of τc,t and solve

for the transition associated with that sequence. We repeat this process, updating carbon

taxes after each iteration, until the path of carbon taxes converges.

7The constrained optimal carbon tax from Section 4.2 also depends on household wealth, or equivalently
the entire history of a household’s productivity shocks. Indexing by the history of shocks would be computa-
tionally infeasible, while indexing by wealth introduces a distortion to the savings decision since a household
understands how its future wealth will affect its carbon tax rate in future periods. When this behavior is
aggregated, it leads to capital shallowing and makes welfare decompositions less transparent across policies.
The productivity-specific carbon tax does not have this problem since it depends only on exogenous shocks.
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Figure 2: Constrained-efficient carbon tax
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As in Section 4.2, we assume that a household’s carbon tax payments are exactly offset

by a lumpsum transfer, which the households take as given. Because the household’s choice

set is unaltered by this tax and transfer scheme, we are able to isolate the effect of climate

policy from the alternative ways of redistributing tax revenue.

Figure 2 plots the time path of the uniform and heterogeneous optimal carbon tax sched-

ules. In both cases, the tax rates rise over time reflecting that the greatest social costs

only appear far in the future and are thus heavily discounted in the initial periods. As

time passes, however, and carbon levels rise, the benefits of discouraging additional carbon

emissions becomes more pressing.

Under the uniform tax path shown in panel (a), the carbon tax rate starts at $41/ton
and climbs gradually over time to a long run value of $77/ton. When the carbon tax can

be differentiated by labor productivity (effectively a household’s hourly wage), rates vary

widely by ε-type. In the first period, the tax rate on the lowest productivity households is

$10/ton and only rises to $28/ton in the long run. In contrast, a household with the highest

non-superstar productivity, the carbon tax begins at $190/ton and tops out at $445/ton.
The enormous difference in tax rates results from low productivity households having lower

average consumption (higher marginal utility of consumption). For similar reasons, the

superstar carbon tax (not shown) is extremely high. It starts at $8,400/ton and rises to

almost $20,000/ton.
Because each households carbon tax payment is rebated back to it, the wealth effect is shut

off. As a result, the aggregate levels of labor, capital, consumption and output are virtually
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unchanged under either policy. However, the composition of these aggregates between dirty

and clean goods does change, since the tax distorts each household’s optimal consumption

bundle toward a higher share of clean consumption.

While global temperatures rise under both carbon tax policies relative to business as

usual, these fiscal interventions have a substantial effect on the evolution of the carbon stock

and global temperatures over time (Figure 3). The productivity-indexed carbon tax, which

produces the greatest moderation in temperature, subtracts 0.5 degrees from the BAU path

over 100 years and 1.1 degrees over 300 years. Under either carbon tax, the most sizeable gap

in temperature emerges only after centuries have past, and long after the economic transition

has fully played out. This mismatch in the timing of benefits and costs underlies the time-

varying nature of optimal carbon taxation discussed in Section 4 and drives many of the

welfare results in the next section.

Figure 3: Carbon and Temperature
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7.1 Welfare

Next, we compute the change in welfare from undergoing the policy-induced transitions

relative to the BAU baseline and highlight the differential effects of the carbon tax across

the wealth and income distribution and on average over time.

Figure 4 displays the change in welfare for all households according to their wealth and

productivity in the initial distribution resulting from carbon taxation. The wealth levels

shown cover 98 percent of households. In panel (a), where carbon taxes are uniform, all

households gain, but the welfare gains are largest for the most productive households with
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high levels of wealth. While all households benefit from mitigated emissions, the costs of

doing so, specifically distorting the composition of consumption, fall more heavily on the

poor. This is evident in the heterogeneous tax case (panel b), which moves some of those

distortions off of low-productivity households and onto high-productivity ones.

Figure 4: Welfare (consumption equivalents, percent)
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As was highlighted in the discussion of emissions, there is a timing mismatch between

the costs and benefits of taxing carbon. The consequences of unmitigated carbon build-up

intensify over time so that the worst effects from business as usual are experienced well in

the future. Meanwhile, any fiscal policy stringent enough to have a meaningful impact on the

path of the carbon stock must impose immediate costs on households. The balance between

these costs and benefits shifts over time. Figure 5 plots the evolution of average welfare,

computed as consumption equivalents behind the veil of ignorance, and shows the decompo-
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sition in welfare between economic factors and climate improvement. As time moves forward,

the benefit of a relative improvement in climate grows while the costs from consumptions

distortions remain roughly constant.

Figure 5: Average welfare over time
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8 Concluding Remarks

In this paper, we have studied the link between inequality and optimal carbon policies.

Empirically, we document that emissions embodied in household expenditures are higher

per dollar for low-income and low-wealth households, compared with high-income and high-

wealth households. This suggests that a flat carbon tax would be regressive.

Theoretically, we study constrained-optimal policies in an environment in which the plan-

ner is not permitted to redistribute resources across agents. The constrained-optimal carbon

tax is household-specific, featuring tax rates that increase with income. When carbon tax

rates are further restricted to be uniform across households, the constrained-optimal carbon

tax deviates from the Pigouvian tax formula and should optimally be set lower than the

unconstrained optimal carbon tax.

Quantitatively, we measure the distributional effects of implementing either a uniform

carbon tax or one that differentiates by household wages of carbon taxes. Both cases are

solved with individual level rebates to remove wealth effects in order to keep the distribution

of resources across households fixed. In this way, we quantify the climate and welfare effects

of implementing the carbon tax policies prescribed by our theoretical findings.
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A Mathematical Appendix

Proof of Proposition 1. The proof consists of showing that all conditions for the con-

strained optimal allocation satisfy the conditions of a competitive equilibrium with taxes and

transfers.

The constrained-optimal allocation is characterized by equations (15), (25) and (29). We

want to show that the equations characterizing the constrained-optimal allocation solve the

competitive equilibrium with taxes and transfers, defined in Definition 1 and characterized

by equations (6)-(9). First, comparing (29) and (9), we get from simple observation that

both coincide when τ it is replaced by the optimal tax, τ it =
υσt

ui
ct
.

Second, combine (6)-(8) by plugging (7) and (8) into (6) to get:∑
i

µic
i
c,t +

∑
i

µic
i
d,t =

∑
µiε

i
t (46)

where gt = 0. To see that the constrained-optimal allocation satisfies this marketing clearing

condition, multiply both sides of (25) by µi and sum over i to obtain:∑
i

µic
i
c,t +

∑
i

µic
i
d,t =

∑
i

µiε
i
t (47)

With gt = 0, the budget constraint of the government is satisfied with transfers equal to

T i
t = τ it c

i
dt. QED.

Proof of Proposition 2. The proof follows from showing that the equations character-

izing the constrained social planner’s problem satisfy equations characterizing the competitive

equilibrium, with taxes τ =
υσt∑

i
µicit∑
i µicit

uict
and transfers T i

t = τtc
i
dt.

The first order conditions for constrained social planner’s problem are:

(cidt) : µiu
i
dt − υµiσt − λit +

∑
j ̸=i

ηijt
(
cjct + c̄

)
−
∑
j ̸=i

ηjit
(
cjct + c̄

)
= 0 (48)

(cict) : µiu
i
ct − λit −

∑
j ̸=i

ηijt c
j
dt +

∑
j ̸=i

ηjit c
j
dt = 0 (49)

(St+1) : −βtx′(St+1) + σtβ
t − σt+1β

t+1(1− δ) = 0 (50)

(βtλit) : c
i
ct + cidt = εi (51)

(βtηijt ) : (c
i
ct + c̄)cjdt = (cjct + c̄)cidt (52)

where ηijt is the Lagrange multiplier on the constraint on allocations.
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Combine equations (48) and (49) to obtain:

uidt
uict

= 1 +
1

µiuict

[
υµiσt −

∑
j ̸=i

ηijt (c
j
ct + c̄+ cjdt) +

∑
j ̸=i

ηjit (c
j
ct + c̄+ cjdt)

]
(53)

Equation (53) coincides with (9) for τ it equal to:

τ it =
1

µiuict

[
υµiσt −

∑
j ̸=i

ηijt (c
j
ct + c̄+ cjdt) +

∑
j ̸=i

ηjit (c
j
ct + c̄+ cjdt).

]
(54)

If we multiply both sides of equation (54) by cic,t + c̄+ cid,t and sum across all i, we obtain:∑
i

τ itµiu
i
ct

(
cict + c̄+ cidt

)
=υσt

∑
i

µi

(
cict + c̄+ cidt

)
(55)

−
∑
i

(
cict + c̄+ cidt

)∑
j ̸=i

ηijt (c
j
ct + c̄+ cjdt)

+
∑
i

(
cict + c̄+ cidt

)∑
j ̸=i

ηjit (c
j
ct + c̄+ cjdt)

=υσt
∑
i

µi

(
cict + c̄+ cidt

)
Reorganizing terms, we get:

τ it =
υσt∑

i
µicit∑
j µjc

j
t

uict
(56)

where cit ≡ cict + c̄+ cidt. Second, combine (6)-(8) by plugging (7) and (8) into (6) to get:∑
i

µic
i
c,t +

∑
i

µic
i
d,t =

∑
µiε

i
t (57)

where gt = 0. To see that the constrained-optimal allocation satisfies this marketing clearing

condition, multiply both sides of (25) by µi and sum over i to obtain:∑
i

µic
i
c,t +

∑
i

µic
i
d,t =

∑
i

µiε
i
t (58)

With gt = 0, the budget constraint of the government is satisfied with transfers equal to

T i
t = τtc

i
dt. QED.
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