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Abstract

Should externality taxes be reduced if they are regressive? We introduce a model
in which the government raises revenue from distortionary income and commodity
taxes which also play an externality correction role. Whether the tax on the externality
should be adjusted away from the Pigouvian level of marginal damage depends on
why households differ in their consumption patterns. Differences in demand due to
preference heterogeneity across the income distribution change the optimal tax, while
differences due to income effects do not. We derive sufficient statistics for optimal
policy, and use them to study the optimal tax on carbon-intensive consumption in the
United States. Our empirical results suggest that the carbon tax should be set only
slightly lower than the Pigouvian level. When we allow for heterogeneity in preferences
at each income level as well as across the income distribution, our recommended carbon

tax moves even closer to the Pigouvian benchmark.
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1 Introduction

Human-generated carbon emissions are widely accepted to be causing large social costs,
both now and in the future (Intergovernmental Panel on Climate Change, 2023). Economists
view this as a classic case for government intervention, because there is an externality:
Consumers and producers do not bear the full cost of the emissions they generate.

Most economists also agree that the solution is to impose a “Pigouvian” tax on goods
that generate negative externalities—in this case, goods whose production or consumption
generates carbon emissions (Akerlof et al., 2019).! Setting this tax equal to the marginal
damage to others from emissions ensures that consumers and producers pay the true social
costs of their choices (Pigou, 1920; Sandmo, 1975). This Pigouvian tax would be optimal if
non-distortionary lump sum compensation of winners and losers were possible. However,
when redistribution is costly, it is much less clear how a carbon tax should be set, given
the potential trade-off between externality correction and distributional impacts.

The fact that carbon taxes are regressive may be an important reason why they are
politically unpopular (Hassett et al., 2009; Grainger and Kolstad, 2010; Mathur and Morris,
2014; Metcalf, 1999; Williams III et al., 2015; Pizer and Sexton, 2019). There is widespread
concern about their distributional impacts (Dietz and Atkinson, 2010; Dechezleprétre et al.,
2025). As we confirm in our data, this is justified. A uniform tax on all carbon-intensive
consumption would lead poorer households to pay more as a share of their incomes (or
expenditures) than richer households. This raises the question of whether corrective taxes
should be lowered relative to the Pigouvian benchmark for distributional reasons.

We answer that question. Specifically, we ask how the optimal carbon tax changes if
society values equality but compensation can only occur using efficiency-reducing income
and commodity taxes. The distributional impact of a carbon tax cannot be dismissed in
this setting. Imposing the tax produces winners and losers. Compensating the losers by
taxing the winners could lead to a greater loss in efficiency than the gain from correcting
the externality in the first place. In other cases, the combined package of carbon taxation
and compensation could lead to net efficiency gains. In the knife-edge case where any two
households would allocate their spending in precisely the same way if they had the same
income, the carbon tax is optimally set at the Pigouvian level of marginal damage (Kaplow,
2012). In this case, first-best externality correction remains optimal even in a second-best
world. By contrast, if households differ in how they would choose to spend a given level
of income, the optimal tax can change because there may then be a trade-off between the
efficiency of redistribution and the extent of externality correction.

!Panelists in the Initiative on Global Markets (IGM) Economic Experts Panel have consistently endorsed
carbon taxation as a preferred climate policy (IGM Forum, 2011, 2012, 2018, 2025).



Our contribution is to provide a practical and general characterization of how a correc-
tive tax should be adjusted in light of its distributional impact. We start with a model in
which each household chooses her income and carbon intensity. Building on work by Ferey
et al. (2024), we use our model to derive sufficient statistics formulas that characterize
the optimal trade-off between externality correction and redistribution. Heterogeneity in
preferences for carbon-intensive consumption plays a pivotal role, both within and across
income levels. Taking into account both types of heterogeneity, we apply our framework
empirically to study the optimal taxation of electricity, natural gas, heating fuels, and
gasoline consumption in the United States. Our results suggest that the optimal tax on
these carbon-intensive goods is slightly below the Pigouvian prescription.

We note that our focus on whether the carbon tax should be changed for distributional
reasons is distinct from questions of how much to compensate households, which others
discuss in detail (Grainger and Kolstad, 2010; Goulder et al., 2019). Our framework does
incorporate flexible compensation, but the pattern of that compensation has no direct
connection to the question of whether the carbon tax should differ from the Pigouvian
level. Rather, the optimal level of the carbon tax hinges on whether it is more efficient to
reduce inequality by lowering the carbon tax versus increasing the income tax.

Preference heterogeneity is important because it determines the relative cost of redis-
tribution via income versus carbon taxes. A carbon tax set at the Pigouvian level ensures
that households spend their after-tax incomes efficiently. Starting from this level, raising
the carbon tax distorts consumption choices because the externality is no longer exactly
internalized. However, the reform also changes labor supply choices: Raising the carbon
tax lowers labor supply, while the compensatory income tax reduction increases labor sup-
ply. If all households have identical preferences for carbon intensity, the two labor supply
effects cancel out. This is because identical preferences imply that the combined reform
to the income and carbon taxes exactly compensates every household for the impact of
the carbon tax not only at their present income, but also at every other level of income they
might consider. There is therefore no net impact on individuals’ labor supply decisions,
and no reason to deviate from purely Pigouvian taxation.

Heterogeneity in preferences breaks the neutrality of the combined reform. This is
easiest to see in the simpler case in which households with different income levels vary in
their preferences, but all households with the same income are equally carbon-intensive.
If higher-income households have a relative preference for carbon intensity, so that they
would be more carbon-intensive at any given level of disposable income, raising the carbon
tax and lowering the income tax yields a net increase in labor supply. In this case, raising

the carbon tax redistributes more efficiently than income taxation at the margin. The



optimal tax on carbon is therefore greater than the marginal damage. By similar logic, if
lower productivity types have more carbon-intensive preferences, lowering the carbon tax
below the Pigouvian level becomes an efficient way to redistribute.

Our next step is to extend the model to allow for multidimensional heterogeneity in
the sense that carbon intensity is allowed to vary across households with the same level
of income. In the multidimensional case, adjustments to the income tax can no longer
compensate every household for the introduction (or increase) of a carbon tax. The reason
is simple: at a given level of income, households differ in how much of the carbon-intensive
good they consume. Consequently, some are more exposed to dirty good tax changes than
others, and a single income-based adjustment cannot make all of them whole.

We nonetheless derive an empirically tractable optimal tax condition for the multidi-
mensional case. While the lessons from the unidimensional case carry over qualitatively,
an important result is that variation in the causal effect of higher income on consumption
choices tends to dampen any deviation of the optimal tax from its Pigouvian level. This
attenuation arises due to imperfect targeting. Because the planner cannot charge different
carbon-tax rates to different types who earn the same income, the rate that is most efficient
for one group is necessarily inefficiently high (or low) for another. This limits the potential
efficiency gains that deviating from Pigouvian taxation can achieve.

Assuming that differences in preferences do justify deviating from the Pigouvian level
of taxation, distributional concerns lead the government to trade off externality correction
and redistribution. Our model highlights that the optimal tax depends on how responsive
households are to the carbon tax and income tax. If the income tax is highly distortionary,
it becomes more attractive to use the carbon tax to achieve distributional aims. Using the
carbon tax to redistribute is also appealing if carbon intensity is inelastic to changes in the
tax on carbon. Conversely, if changing the carbon tax sharply changes carbon emissions,
using the carbon tax for redistribution is less desirable.

Unlike the classic Pigouvian case without distributional concerns, the optimal exter-
nality correction is not necessarily the same at all levels of consumption. If nonlinear
taxation is feasible, for example through nonlinear electricity and gas pricing, the optimal
carbon tax may be progressive or regressive. There are many real-life examples of nonlin-
ear pricing and taxation schemes such as electricity tiered pricing, congestion taxes, and
emission-based vehicle registration fees or subsidies (see e.g., Zhang and Qin, 2015; ACEA,
2020). Whether such nonlinearity is optimal depends on the rate at which the preference
for carbon intensity changes with income in different parts of the distribution. It does not
depend on whether the carbon tax is regressive or progressive in the sense that poorer or

richer households pay more as a share of their incomes.



Our final step is to apply our framework to carbon taxation in the United States.
Our model highlights the need to empirically isolate differences in preferences between
people with different levels of income. This is distinct from income effects, which can also
drive differences in carbon intensity along the income distribution.? Indeed, it is clearly
possible for any given cross-sectional relationship between income and carbon intensity
to be explained exclusively by income effects, by preference heterogeneity, or by some
combination of the two. The fact that poorer households are more carbon-intensive, and
carbon taxes correspondingly regressive, does not therefore suffice to tell us whether the
carbon tax should deviate from the Pigouvian benchmark.

We again start with the case where preferences vary across but not within income levels.
Our model provides a convenient way to identify differences in preferences between
households with different status quo incomes. Following Ferey et al. (2024), we compare
two statistics. First, we measure the cross-sectional relationship between income and
consumption of carbon-intensive goods. This captures differences in consumption due
to both income effects and preference heterogeneity. Second, we measure income effects
by quantifying the causal impact of higher income on a given household’s consumption
of carbon-intensive goods. Finally, we subtract income effects from the cross-sectional
relationship, leaving only the part that stems from preferences.

We implement this framework for the United States using survey evidence from 25,888
households in the Consumer Expenditure Surveys (CEX) and 1,551 respondents from a
custom online survey. Our analysis focuses on the four expenditure categories that account
for nearly all spending on goods with direct household emissions, aggregated into a single
“dirty good”: gasoline, natural gas, electricity, and heating fuels.® In our survey, we ask
respondents for information about their income, overall expenditure, and how they split
that expenditure over these and other categories. We then ask how their expenditure on
each of these categories would change if they had more to spend.

Our first step is to measure the cross-sectional relationship between household taxable
income and consumption of carbon-intensive goods. While higher-income households
consume a greater (absolute) quantity of these goods, they allocate a smaller share of
their total consumption to carbon-intensive goods, reflecting an increasing but concave

relationship between income and carbon-intensive good consumption.

2The relevant distinction for our analysis is whether differences in choices by people with different
incomes simply reflect differences in the amount they have to spend (income effects), or factors that are
independent of income, which would drive different choices even conditional on income. The latter category
includes true “preferences”, but also habits or constraints that arise due to factors such as where one lives.

3While an economy-wide carbon tax would also price emissions from other goods and services, these
four categories account for 93.7% of expenditures on goods with direct household carbon emissions, and for
96.9% of the associated emissions. The remainder corresponds to air travel.
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Next, we elicit respondents’ causal consumption responses to a small permanent
increase in household income. We find that the causal effect of additional income on carbon
intensity slightly exceeds the cross-sectional slope we see in the Consumer Expenditure
Survey. This implies that lower-income households have a relative preference for carbon-
intensive goods. However, the gap is small, which indicates that cross-sectional variation
in consumption of these carbon-intensive goods is largely explained by income effects, not
preference heterogeneity. We note that this alignment between causal and cross-sectional
responses is not mechanical or obvious. Indeed, the causal consumption responses are
within-individual effects, which are compared to variation across individuals.

The interpretation of these survey responses hinges on the reliability of stated pref-
erences. Growing evidence suggests that stated preferences perform well (List et al.,
2006; Fuster and Zafar, 2023), yet reliability inevitably depends on context. In our setting,
we have a way of supporting the reliability of our survey. Because we measure status
quo allocations across different types of goods in both our survey and the Consumer
Expenditure Survey, we can verify that the cross-sectional relationship between income
and carbon-intensive good consumption is very similar across both sources. This lends
credibility to our survey instrument and sample. We also note that we set the hypothetical
income increase to be familiar and relevant for respondents (Fuster and Zafar, 2023).

Our empirical results allow us to estimate the optimal tax on carbon-intensive goods.
Differences in preferences justify only small deviations from the Pigouvian prescription
of setting the tax equal to marginal damage. We estimate that the Pigouvian level of the
tax is about 49 cents per dollar of expenditure (assuming a Social Cost of Carbon of $200
per ton). Taking into account differences in preferences, we find that the optimal linear tax
would be 3.3 cents below this. From a welfare perspective, there is almost no difference:
Imposing a tax equal to marginal damage captures 99.61% of the gain from the optimal
distributionally adjusted carbon tax (Appendix C). The small magnitude of this adjustment
scales with the relative responsiveness of the two tax bases, namely the ratio of taxable
income elasticity and the compensated demand elasticity for dirty good consumption.
When we later account for heterogeneity within as well as across income levels, this further
compresses the optimal tax toward its Pigouvian level.

If taxes on externality-generating goods can be nonlinear—for which there are some
real-world precedents—there are slightly larger deviations from the Pigouvian prescription
in some parts of the income distribution. For a nonlinear tax, we compare the cross-
sectional and causal relationships between income and consumption at each income level.
We find that the magnitude of the preference-heterogeneity component of variation in
carbon intensity is larger at lower and middle incomes. At around $100,000, the estimated



taste-heterogeneity component is slightly negative. This results in an optimal tax of 44.7
cents, which is 4.6 cents lower than the Pigouvian level (-9.3%). Households with incomes
closer to $250,000 would face an optimal carbon tax of 46.7 cents, which is only 2.5 cents
lower than the Pigouvian level (-5.1%).

Our paper provides an empirical and theoretical framework that could be applied
more broadly to environmental taxes, or any other tax designed to correct an externality.
Consistent with the principle of additivity (Sandmo, 1975; Kopczuk, 2003), the total tax
on any externality-generating activity is a combination of a “Pigouvian” correction and a
distributional component. We provide a way to measure the distributional component and
show how it depends on causal and cross-sectional sufficient statistics. The optimal tax on
the externality may deviate positively or negatively from the Pigouvian prescription. In
some cases, the total tax could even flip sign relative to the externality. In our case, we find
that the optimal carbon tax stays relatively close to but below the Pigouvian level, and that
the efficiency gains from using the carbon tax to redistribute are small. However, applying
our framework to other taxes may yield different results.

Connections in the Literature

Externalities have long been recognized as providing a motivation for government in-
tervention. Corrective taxation as a solution dates back to Pigou (1920). Economists
have studied wide varieties of externalities in practice, including environmental taxes
(Weitzman, 1974; Andersson, 2019), occupation choice (Lockwood et al., 2017), congestion
(Walters, 1961), labor market distortions (Craig, 2023), control of a pandemic (Craig and
Hines, 2020), rent-seeking (Rothschild and Scheuer, 2016), and positional externalities
(Aronsson and Johansson-Stenman, 2008).

A subset of this literature incorporates distributional concerns. Kopczuk (2003) shows
how the optimal tax on an externality can be written as the sum of an externality correction
component and a separate term capturing other objectives, building on Sandmo (1975).
Kaplow (2012) studies a special case without preference heterogeneity, showing that the
optimal tax is equal to marginal damage in this case. Pirttild and Tuomala (1997) allow for
interactions with labor supply. Jacobs and van der Ploeg (2019) focus on linear taxation.
Cremer et al. (1998) and Cremer et al. (2003) consider optimal taxation and externality
correction with a small number of types, demonstrating the importance of homogeneity
and separability in preferences, highlighting the potential for the optimal tax on the
externality-generating good to have the opposite sign from the externality. Ahlvik et al.
(2024) focus on different types of equity considerations and differences in cost burdens.
They use a mechanism design approach to study the interaction of income taxation and

externality correction, including an empirical exercise with much stronger restrictions on



individual heterogeneity than ours. Jacobs and de Mooij (2015) ask whether the Pigouvian
correction should be adjusted for the marginal cost of public funds. Belfiori et al. (2024)
focus on compensation in a macroeconomic model without heterogeneity in preferences
for carbon intensity. Micheletto (2008) studies the correction of externalities that are not
“atmospheric” so that externality correction is imperfectly targeted.

We build on an approach to optimal commodity taxation introduced by Allcott et al.
(2019), which Ferey et al. (2024) later generalized and applied to savings taxation.* They
highlight the core insight that causal income effects can be subtracted from cross-sectional
variation in consumption to measure the degree to which preferences vary across income
levels. We apply these ideas to shed light on how externality-correcting taxes should
change with preference heterogeneity, including multidimensional heterogeneity; we then
apply them to study carbon emissions by households, an important example of an exter-
nality. These papers and ours build on previous work (Saez, 2002; Piketty and Saez, 2013;
Diamond and Spinnewijn, 2011; Gauthier and Henriet, 2018); and connect to concurrent
theoretical analysis by Doligalski et al. (2025). Other related recent work includes Arons-
son and Johansson-Stenman (2026) and Djalalova and Rothschild (2025) who explore the
implications of preference heterogeneity for optimal public goods expenditure.

Empirically, recent studies highlight significant heterogeneity in consumer preferences
for carbon-intensive goods vs. cleaner alternatives. For example, Lyubich (2025) decom-
poses the unobserved heterogeneity in US household carbon consumption and finds, by
and large, a greater role for person effects (up to 50% of the variance decomposition)
relative to place effects (up to 23%). Similarly, Dorsey and Wolfson (2024) provide evidence
of across-income preference heterogeneity in solar panel uptake.

Our focus is on heterogeneity between households and the importance of the distor-
tionary costs of redistributive taxation. We do not incorporate general equilibrium effects
or dynamics, which can provide important additional motives for deviating from standard
Pigouvian taxation. This has been considered in other work (Cremer and Gahvari, 2001;
Cremer et al., 2010; Douenne et al., 2026; Barrage, 2020; Fried et al., 2024). Bierbrauer (2024)
asks a closely related question in a multi-sector general equilibrium model, and finds that
a redistributive case for sector-specific carbon prices arises only when tastes for green
versus brown goods vary with income. We note also Douenne et al. (2025), who introduce
incomplete markets and idiosyncratic labor-income risk and find that these new concerns

justify only negligible deviations of the carbon tax from the social cost of carbon, with

4Both papers also discuss corrective motives, the first related to sin taxes, and the second to the underpro-
vision of bequests. Our paper further contributes to this literature by providing an empirical application
for household carbon consumption, as well as an alternative approach to characterizing the implications of
multidimensional heterogeneity.



welfare gains from the adjustment of the same order of magnitude as ours.

We also do not consider multinational issues (see Aronsson and Blomquist, 2003) or
explicitly model multiple generations (Fried et al., 2018). Nor do we consider corrective
policy instruments beyond taxation. Nonetheless, our work complements Fricke et al.
(2025), who show that a binding cap on carbon emissions lowers the efficiency cost of
redistribution and makes the optimal income tax more redistributive.

2 Externality Correction With Taste Heterogeneity

Consider a population of individuals indexed by type w € W = Ry, where w has
differentiable cumulative distribution F'. Individual w chooses income z € R. Income
has differentiable cumulative distribution H(z) and density & (z). Income is subject to
nonlinear income taxation with tax schedule 7, (z). She allocates her after-tax income,
z — T,(z), between a numeraire consumption good, ¢, and an externality-generating good,
x, which we refer to as the dirty good. A tax, T, (z), must be paid on consumption of the
dirty good. We constrain 7, (z) and 7, (z) to be twice continuously differentiable.

We focus in this section on the case in which heterogeneity is unidimensional in the
sense that w € W C R and utility is u(c, z, z | w). This implies that there is no variation in
preferences conditional on w. However, individuals with different w may have different
preferences over the consumption goods in the sense that they would prefer different
consumption bundles even if they were forced to have the same z and z — 7'(z). In Section 3,

we further extend our results to allow for multidimensional heterogeneity.

Separable Benchmark. As an important benchmark, we will consider the case, as in
Atkinson and Stiglitz (1976), where preferences over consumption goods are weakly
separable from labor supply, and homogeneous across agents, including those of different
types. In this special case, it is well-known that we obtain the standard Pigouvian result
that it is optimal to tax the dirty good at a constant rate equal to the marginal external
damage associated with consuming the good (Kaplow, 2012).

2.1 Individual Maximization
Each agent maximizes her utility subject to her budget constraint and the tax system set by
the social planner, producing indirect utility v(w).

v(w) = rglg)éu(c,x, z | w) (1)

st. cta+Ty(x) =2—-T.(2)
We assume that u(c, z, z | w) is twice continuously differentiable, increasing in ¢ and z,

and decreasing in z. We further assume that u(c, z, z | w) is strictly concave in (¢, z, 2).
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We will often find it useful to approach (1) as a two-stage maximization problem.
First, a type w chooses her income, z(w). Second, she decides how to split the resulting
disposable income between the two consumption goods, leading to choices ¢(w) and z(w).

Specifically, a type w agent chooses taxable income:
z(w) =argmax{u(z—T, (2) —z (w;2) =Ty (x (w; 2)) ,z (w;2), 2 | w)} (2)
where:
z(w;z) =argmax{u(z—T,(2) —x— Ty (z),z,2 | w)} 3)

is the amount of the dirty good a type w agent would choose if her taxable income were z.
The amount of the dirty good that a type w agent actually chooses is = (w) = x (w; z (w)).

This approach allows us to write first-order conditions characterizing a type w agent’s
choices as a function of both tax schedules:

. Oz (w;z)
1l () - P gy gy = @
and 147, (z) = % (5)

For the sake of brevity we have suppressed the dependence of the marginal utility (e.g. u.)
terms on type (w) and/or on income (z). These two conditions can be combined to yield a
reduced first-order condition for the optimal choice of income: 1 — 77 (2) = —32, but this
masks important intuition as we highlight below.

Equation 4 highlights something important: an agent’s anticipation of her own behavior
at stage 2 enters her stage-1 decision. For each additional dollar of income she considers
earning, she evaluates how it would change her disposable income and how much she
would spend on good z, given her preferences and the tax rate. In this way, the agent can
be thought of as choosing her level of taxable income subject to an effective net of income tax

rateof 1 — T (2) — Bx(aqg;z) T! (x). Thus, when a rational agent sees her purchasing power

decline due to commodity taxes, this reduces her marginal benefit of earning income. The
size of this reduction depends on what fraction of her marginal dollar of disposable income
will be spent on the dirty good. Critically for the analysis below, this marginal spending
behavior may differ across people.

2.2 Social Welfare Maximization

A welfarist social planner chooses twice-differentiable tax functions, 7, and T,. It does so
to jointly maximize social welfare, VYW, while raising enough revenue to cover an exogenous

revenue requirement, .

max W = /v(w)v(w)dF—D(X) (6)
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st. R= [ (T:(2(w)) + Tu(z(w))) dF (w) = R )

and X = /

Here, v(w) are Pareto weights; and D(X) is a separable atmospheric externality, which is
an increasing function of aggregate consumption of the dirty good.”

2.3 Regularity Assumptions

For all tax schedules we consider, we assume that the optimal choices of ¢, z, and = are
globally unique for every individual, with the relevant second-order conditions holding
strictly. We also assume there is a smooth and strictly monotonic mapping from w to
c(w), z(w), and z(w). This is equivalent to the approach of Jacquet and Lehmann (2021) of
making a single-crossing assumption and verifying monotonicity. These assumptions are
standard and are required to ensure that choices move smoothly as the tax system changes,

but imply restrictions on the set of tax schedules under consideration.

2.4 Characterizing Tax Reforms

We characterize the welfare effects of tax reforms using a formalization of the perturbation
method of Saez (2001) via Gateaux derivatives, an approach discussed more thoroughly
in Golosov et al. (2014), Jacquet and Lehmann (2021), and Gerritsen (2024). Given initial
tax schedules 7, (x) and T.(z), we ask how welfare and revenue change when we perturb
them in directions 7, (x) and 7,(z) respectively. We assume that both 7, (z) and 7,(z) are
twice continuously differentiable and compactly supported (or linear in Subsection 2.10).
Letting x € R index the magnitude of the reform, the new tax schedules are:

T, (z;5) =T (2) + k72 (2) and T, (k) =Ty () + k72 (). 8)

All our results about efficient and optimal tax policy will be based on examining the

tirst-order effect of such perturbations on the social planner’s Lagrangian,

8_[3
Ok

_tow
K:O_)\ Ok

OR

| ©9)

k=0
starting from the initial tax system. Here, A is the multiplier on the government’s budget
constraint. For any initial tax system, and proposed set of reforms, if g—ﬁ w—o > 0, then

movement in that direction is welfare-improving. At the optimal tax system, no such

5This is equivalent to having the harm from the dirty good entering individuals’ utility in a separable
way To see the equivalence, consider @ = u(c,z,z | w) — Z(X;w), then (w) = v(w) — Z(X;w) and
= [v(w)¥ (X;w)dF. Our formulas are also locally unaffected if we define welfare using a social

welfare functlon W J W (v (w))dF —D(X), rather than Pareto weights.
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improvements can be possible and thus, at the optimum, we must have:

oL

o =0 forall 7,(-) and 7, (+). (10)

2.5 Distribution-Neutral Reforms

To begin our investigation of the optimal tax system, consider a special type of tax reform:
one which is distribution-neutral.

Let 0 (z) be the type of agent that chooses income z. In other words, it is the inverse of
the taxable income choice function, z (w). This allows us to define 2 (z) = z (¥ (2) ; z), the
dirty-good consumption of an agent with taxable income z.

A distribution-neutral tax reform is one where for a given change in the dirty-good
tax liability of an agent with taxable income z, 7, ( (2)), we also change her income tax
liability by a precisely offsetting amount, such that the agent can still afford her original
bundle. That is to say, the income tax reform is defined by:

7 (2) = —7 (2(2)). (11)
Notice, this implies marginal income tax rate changes of:
. (2) = =2 (2) 7 (2(2)), (12)

where 2’ (z) is the slope of the observed cross-sectional relationship between dirty-good
consumption and taxable income.

Distribution-neutral reforms are of special interest because of the relative simplicity of
their impact on social welfare. For any such reform, there is no first-order impact on agent
utility, nor is there a mechanical impact on revenue. All effects of the reform arise because
behavioral responses affect the externality and government revenue.

Thus for any distribution-neutral reform, if g—ﬁ «—o > 0, then a reform in that direction
is a Pareto improvement because positive gains in government revenue net of externality
costs can be obtained without changes to individual agent utility. This allows for a small
transfer to be made that makes all agents strictly better off.° Put another way, for any
Pareto-efficient tax system, it must be the case that:

oL

o =0 forall 7.(-) and 7,(+) satisfying 7, (2) = —7, (% (2)) . (13)
£=0

5We assume the costs of the externality are homogeneous across households, so that D’/(X)/\ measures
the cost of compensating any household for a marginal change in X. If externality costs are heterogeneous, a
reform satisfying this condition need not be Pareto-improving in general.
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2.6 Behavioral Responses

By construction, any distribution-neutral reform produces a change in relative prices
without a change in agents” purchasing power. Thus, only compensated behavioral
responses will be relevant to the analysis. To establish what kinds of responses will occur,

we can revisit the agent’s first-order conditions.

Consumption of the Dirty Good (Direct). The reform to T}, changes the stage 2 first-order

condition of an agent with taxable income z in the following way:

L+ T (2(2)) + w7 (2 (2)) = = (14)

Ue

Holding constant the agent’s choice of z, this generates a behavioral response of:

855(z) _ 5x|z(z)§:(z) A (4(
o |, THTGR) ) -

where: /A N c
copelz) =~ ?((j(z)) agg Z (16)

is the compensated elasticity of spending on = with respect to its tax-inclusive price.

Income. Turning our attention to the stage 1 first-order condition, we have the following
perturbed first-order condition:
u, + i, (2)u
L= T (2) 4 58 () 7 (2 (2)) ~he () (1 T2 (0) 4 57l (3 (2))) =~ g
4 Z N ,

C

Reform to T Reform to T3

where 2/ (2) = % is the causal effect of increasing the taxable income of a type
® (z) agent on her choice of dirty-good consumption.

Notice, in the two-stage formulation of the agent’s problem, that this first-order condi-
tion depends on the reforms to both tax schedules. This is because, when responding to
the reform at stage 1, the agent anticipates how the reform to the tax on the dirty good will
impact her marginal return to earning income, given that some of her income will be spent
on that good. After rearranging the left hand side of the equation, the agent’s effective

marginal return to earning income becomes:
1— Tz/ (z) - xgnc(z) (1 + ,Tx/ ($)) + K (‘%/ (z) - xinc(z)) 7—3/6 (i‘ (Z)) . (18)

This highlights that heterogeneity in preferences leads to a distinction between the causal
effect of additional income on dirty-good consumption and the cross-sectional relationship

between income and dirty-good consumption. Following Ferey et al. (2024), we let z; ,(2)
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be the component of the cross-sectional relationship that is driven by taste heterogeneity:

xﬁet(z) =7 (Z) o x;nc(z)' (19)

As equation 18 shows, the change in the effective marginal income tax rate induced by
the reform is proportional to this preference heterogeneity effect.

To build some intuition for this, consider what is implied by the fact that a distribution-
neutral reform leaves every agent’s utility constant (to first order) at her initial level of
income. To achieve this for all agents, the compensation that accompanies an increase to
the dirty-good tax must be based on the cross-sectional relationship between income and
dirty-good consumption. Specifically, as income rises, the income-tax reduction which the
reform provides will evolve according to how much the dirty-good tax liability changes:
k& (z) 7, (% (z)). By contrast, the manner in which such a reform impacts the incentive
to earn income depends on the viewpoint of an agent who is considering marginally
increasing her income. Such an agent anticipates increasing her consumption of the dirty

!
inc

in dirty-good tax liability which the agent anticipates if she were to marginally increase

good by the amount of the causal income effect, z{__.(z). Thus, the reform alters the change

her income in proportion to this causal effect: k2, () 7, (£ (2)). The end result is that a
distribution-neutral reform will, in general, either over- or under-compensate agents who
deviate from their initially optimal choice. Specifically, their marginal incentive to earn
income changes by ray, (2) 7, (% (2)).

In the edge case where preferences are identical and weakly separable between con-
sumption and labor, as in Atkinson and Stiglitz (1976), consumption bundles are entirely
determined by income. Any agent contemplating earning some income level z would
choose exactly the consumption bundle chosen by the agents initially observed at that
income. Cross-sectional variation in compensation via the reform thus coincides with the
compensation needed to hold marginal earnings incentives fixed: ie., ¥’ (z) = 2} ().
Thus, r1,,(2) = 0. No agent’s income choice is disturbed by the joint reform.

Returning to the general case when z1,(2) # 0, the changes to effective marginal

income tax rates due to the reform do cause taxable incomes to change. Specifically:

0z ze,(z)

onl wahet(z)Té(f(z)), (20)

where c
_1-TX(») 0z
ex(2) = > 8(1 _7;/(2)) Z> (21)

is the compensated elasticity of taxable income (ETI) with respect to the net-of-income-tax

rate. Formal definitions of elasticities are included in the proof of Proposition 1.

13



Consumption of the Dirty Good (Indirect). The final behavioral response is the impact of

the induced change in income on consumption of x. For an agent earning income z, this is

determined by the causal effect of income on the dirty good,

, 0z

(V5| = ) ). @)

resulting in a total effect of the reform on dirty-good consumption of:

dz

dx _0%(2)
dk -

0K

%
Ok K0

+ Tine(2)

z, k=0

(23)

k=0

2.7 Testing Local Pareto Efficiency: A Specific Reform

To characterize the set of Pareto-efficient tax systems, we proceed heuristically by consid-
ering a reform that raises the marginal dirty-good tax rate at a single income level. Our
proofs in Appendix D provide a more formal treatment.” The reform raises the marginal
dirty-good tax rate only for agents earning taxable income z:
1 ifz =z
(2(2) = i (24)
0 otherwise
The magnitude of the reform is carried by &, as above. Distribution-neutrality then requires
an offsetting reduction of those same agents” marginal income tax rates: by equation 12,

7.(2") = =2/ (7') if 2/ = z and 7.(Z") = 0 otherwise.

2.8 Welfare Effects of the Reform

We obtain the welfare effect of this reform by multiplying each behavioral response
(equations 15, 20, and 22) by its marginal impact on social welfare. For changes in income,
this is the income tax rate 7] (z). For changes in consumption of the dirty good (equations
15 and 22), this is the uninternalized portion of the marginal externality: the discrepancy
between the marginal tax rate and the marginal social damage, 7, (£(z)) — w. In total,

the local impact on social welfare at income z is the sum of three revenue effects:
AR(z) = AR*(2) + AR™Z(2) + AR*7%(2) (25)

where the components are defined as follows:

7In the appendix, we apply the fundamental lemma of the calculus of variations, similar to Jacquet and
Lehmann (2021). Alternatively, our results can be formalized through a limiting argument—taking the point
reform as the limit of reforms concentrated on a vanishing band around z—in the spirit of Gerritsen (2024).
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AR?(2) :ﬂ(z)L(z) r(2) (26)

1= T7/(z) het
N R S
aRe(2) = (7 - ) ) 22 sl @

The first of these effects, AR?, captures the impact on government revenue from taxable
income changes. The second term, AR??, is the welfare effect of changes in consumption
of the dirty good, holding income constant. Finally, AR*77 is the welfare effect of further
changes in consumption of x that are induced indirectly by changes in taxable income.

Importantly, the effects that relate to taxable income changes (AR* and AR*~") are
only present in a model where preference heterogeneity implies that distribution-neutral
reforms alter effective marginal income tax rates (z;,(2) # 0). Absent this mechanism, we
return to the separable benchmark of Atkinson and Stiglitz (1976), wherein there are no
taxable income responses and only the own-price effect of the increased dirty-good tax rate,
AR®?, remains. By itself, this term translates movements away from Pigouvian taxation
into efficiency costs. The possibility that these costs might be offset by efficiency gains
obtained via induced changes in taxable income is the reason that preference heterogeneity

may lead the planner to deviate from a Pigouvian tax rate.

2.9 A Necessary Condition for Pareto Efficiency

Setting the local welfare effect AR (=) to zero yields an optimal tax condition at each income
level z. Because z is arbitrary, Pareto efficiency requires that there be no net gain from a

distribution-neutral reform at any income:

(29)

where 7;%% (2) is the “taste elasticity”: the portion of the elasticity of consumption of z

with respect to income that occurs through heterogeneity in agent tastes. In other words,

Taste( ) — M_ (30)

e D=0
Equation 29 parallels the style of presentation of the analogous Pareto efficiency condi-

tion in Ferey et al. (2024). Rearranging yields Proposition 1.
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Proposition 1. If the income and dirty-good taxes are optimal and are allowed to be nonlinear,
they must satisfy equation 31:

T 6 () = 25+ e s o
where: RR(2) = st () e:(2) 1+T,(2(2)) (32)

gz (2) 1=T(2)
measures relative responsiveness to changes in the carbon versus the income tax rates. If this
condition is not satisfied, there exists a simultaneous reform to both taxes that yields a Pareto gain.

Equation (31) reveals that the optimal tax structure retains the “additivity” principle
of Sandmo (1975): The marginal social damage enters the optimal tax rate additively.
However, the expression also contains a second term which adjusts the marginal tax rate
to account for preference heterogeneity.

The taste elasticity, n;{a;te (2), is a sufficient statistic that determines the sign and scale

of this new term. As noted above, in the absence of taste heterogeneity, i.e., ngagte (z) =0,
the optimal corrective tax is the standard Pigouvian one, no matter how regressive the tax
appears in the cross-section. But suppose that nTaSte (z) < 0, so that some of the regressivity
of the tax is attributable to preference heterogeneity: Lower-income households have a
stronger taste for the dirty good. In this scenario, a distribution-neutral reform that lowers
the corrective tax rate while increasing the income tax rate will actually reduce the marginal
effective income tax rate. It is this specific type of taste-based regressivity that creates a
redistributive rationale for lowering corrective taxes.®

Conversely, if 1% (z) > 0, then preference heterogeneity is actually a force that pushes
toward a higher optimal carbon tax. In such a case, increasing the tax on carbon while
decreasing income taxes enhances income-earning incentives. This may paradoxically
imply a redistributive motive for taxing carbon at a higher level than marginal damage even
if the tax is regressive overall because income effects drive down the carbon intensity of
households who have more income. Only the part of the overall regressivity / progressivity
that relates to preference heterogeneity generates optimal tax implications.’”
The magnitude of the optimal deviation from Pigouvian taxation depends on the

relative size of key behavioral responses, as can be seen in the numerator of equation 31.

8 Another way of seeing this is that, if nTaSte (z) = 0, there is no “tagging” role for carbon in the sense of
Akerlof (1978): Because tastes for carbon-intensive goods do not vary along the income distribution, carbon
intensity does not reveal anything about a household’s type that is not already revealed by her income choice.
Only if nlaste (z) # 0 will taxing or subsidizing carbon be useful for redistribution.

9The discussion of the prior two paragraphs assumes that marginal income tax rates are positive. If they
are negative over some income range, as in the phase-in region of the EITC, the implications of the sign of
the taste elasticity for the direction of the deviation flip.
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All else equal, a stronger demand response, .|, implies that the efficiency costs associated
with deviations from Pigouvian taxation are greater. This pushes the optimal tax toward
the Pigouvian level. By contrast, a higher value of the elasticity of income (¢,) indicates
that the efficiency costs of income taxation are greater and, all else equal, favors a larger
deviation from Pigouvian taxation in a bid to offload some revenue raising responsibility
onto the more (marginally) efficient tax instrument. The optimal deviation from Pigouvian
taxation is also proportional to the marginal income tax rate, since the efficiency costs of
income taxation are increasing in the marginal rate.

The denominator of equation 31 could reverse the sign of the preference heterogeneity
term, but does not do so in empirically relevant cases for carbon taxation (see Section 4).
Rather, it amplifies positive deviations from the Pigouvian level, and dampens negative
deviations. To see why, suppose that the taste elasticity is positive, n}f‘ﬁte (z) > 0, mo-
tivating a carbon tax greater than the Pigouvian level. Raising the carbon tax together
with a compensating income tax reduction reduces the effective marginal income tax rate,
increasing incomes. If the dirty good is a normal good, = (z) > 0, then this implies

mc
that consumption of the carbon-intensive good increases as well. Because we know the
optimal tax is above the marginal externality in this case, T (% (z)) > w, we know that
this increased dirty-good consumption creates an additional net social benefit, since the
marginal revenue gained exceeds the marginal damage.

Notably, Proposition 1 leaves open the possibility that a negative externality is optimally
subsidized, or a positive externality is taxed. This occurs when the taste elasticity has
the opposite sign of the marginal damage, and the implied preference heterogeneity
adjustment exceeds the marginal damage in magnitude. This is more likely the smaller
is the marginal externality and the greater is the magnitude of the taste elasticity, or the
relative responsiveness of income ¢ /e,;,.'°

A similar approach can be used to derive conditions characterizing the optimal levels
of the externality and income taxes. Unlike the distribution-neutral reform we considered
here, the optimal level involves trade-offs between individuals and requires assumptions

about welfare weights. We discuss these conditions in Appendix B.

19Such reversals are always possible in the case of positive externalities, but not in the case of negative
externalities. Provided that RR(z)z{,.(z) < 1, as RR(z) — —oo the deviation in equation (31) approaches
—T!(2)/a},.(z). Subsidizing a negative externality therefore requires D'(X)/\ < T/ (z)/},.(z), regardless
of the strength of preference heterogeneity. The intuition behind this result is straightforward: a deviation of
—T!(z)/ ! .(2) is the level at which the effective income tax approaches zero. Further subsidization past
this point can never achieve any further efficiency gains.
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2.10 Restricting to Linear Taxation

Nonlinear pricing of carbon-intensive goods has real-world precedents for goods such as
electricity. However, this may not be true in all settings or for all externality-generating
goods. We therefore also consider the optimal linear tax and the extent to which this
deviates from the level of marginal damage.

If the tax on the dirty good must be linear (7] (2 (z)) = t,), the Pareto efficiency
condition for the linear tax rate is similar to the condition for the nonlinear corrective tax
(equation 31). However, it averages over all levels of income z and consumption of z.

Specifically, the optimal linear tax is characterized by Proposition 2.

Proposition 2. If the income and dirty-good taxes are optimal and the corrective tax is restricted
to being linear, they must satisfy equation 33:
_DI(X) ,  E:[RR()T;(2)]

ty = 33
A 1—E; [RR(2) (z)] (33)

where I, is the expectation over the income distribution, and:

2) = Taste P €z (Z)i'(z) I+,
RR() =B g G () 9

and x, (z) = % is the causal effect of income on consumption of x. If this condition is not

satisfied, there exists a simultaneous reform to both taxes that yields a Pareto gain.

The derivation is straightforward. For a linear dirty-good tax, the reforms we can
consider are restricted to 7, (£ (z)) = # (z). Plugging this into the equation for the welfare

impact (equation 25) and setting it to zero gives us equation 33.

3 Multidimensional Heterogeneity

In practice, households with the same income may differ in their preferences for carbon-
intensive goods due to factors such as geographic location, household composition, or
idiosyncratic tastes.!! We abstracted from this type of heterogeneity in our unidimensional
model, but now extend the model to allow for it.

Within-income heterogeneity makes exact compensation through the income tax im-
possible: When households with the same income consume different amounts of the
carbon-intensive good, any income-based adjustment will give some households too much
compensation and others too little. Consequently, we consider the closest available ana-

logue of the distribution-neutral reforms of Section 2: vertically neutral reforms, which

'Within-income heterogeneity has been studied empirically by Pizer and Sexton (2019), Cronin et al.
(2019), and Rausch et al. (2011). Sallee (2022) discusses the potential for true Pareto gains in that case.
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leave the average tax liability at each level of income unchanged. Vertically neutral reforms
eliminate mechanical redistribution between income levels, but not within them.

Our results provide a characterization of the optimal tax system that is broadly similar
to that of Section 2, but augmented in several ways to account for imperfect compensation.
We show that, all else equal, within-income heterogeneity in z]__ results in an attenuation
of the optimal deviation from the Pigouvian benchmark.

To simplify the discussion, we focus on the case of linear taxation of the dirty good. To
adapt the model to incorporate multidimensional heterogeneity, let each agent have type
(w,0) € Ryy x O. Type (w, 0) agents make choices to maximize their utility u (¢, z, z; w, 9).
We largely maintain the assumptions of the unidimensional case in Section 2.3, which
ensure that choices of z(w, ) and z(w, §) are unique and respond smoothly to reforms.
In addition, consistent with Jacquet and Lehmann (2021), we assume that the mapping
w — z(w, 0) is strictly monotone. This ensures that the conditional inverse, ©(z; ), is well-
defined. We further assume that, for all z, the conditional mean, z(z) = E[z(w, 0)|z(w, 0) =
z], exists and is continuously differentiable.

3.1 Vertically Neutral Reforms

Formally, we define a vertically neutral tax reform as a pair of reform functions 7,, and 7,
such that, for each income level z:

7.(2) = —E[m(z(w,0))|z(w, ) = z]. (35)
In the linear tax case, this is simply 7,(z) = —Z (z), with an implied reform to marginal
income tax rates of 7.(z) = -7’ (2).

The welfare effect of a vertically neutral reform is:

8_£
Ok

= JEI0=g(z30) - (3(2,0) = 2(2)) | 2] ha(z) 2 (36)

J/

-~

Welfare effect from mechanical redistribution

_|_/ [ﬁx‘z(z) + AR (2) —i—ﬁzgx(Z)] h:(z) dz,

J/

NV
Revenue effects from compensated behavioral responses

where ¢(z;0) is the marginal social welfare weight of a type 6 household with income z,
and 2(z,0) = z(0(z;0),0) is her consumption of the dirty good.

The first term is the direct consequence of imperfect compensation, and it has no
counterpart in Section 2. Full compensation would require adjusting each household’s tax
liability in line with her own consumption of the dirty good. Instead, a vertically neutral
reform adjusts it in line with average consumption at the household’s income level. The dis-

crepancy between the two is a change in tax liability of (2(z,6) — % (z)) . Households that
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consume more than average at their income level are undercompensated, and households
that consume less are overcompensated. The first term values this within-income redistri-
bution using the welfare weights. Equivalently, it equals — [ C [g(2;0),2(z,0) | 2] h2(z) dz:
what matters is not within-income dispersion in consumption per se, but whether that
dispersion covaries with the welfare weights.

The second term in equation 36 collects the same three compensated behavioral re-

sponses as in Section 2.6, averaged over the types present at each income level:

ﬁﬂz(z) —E :_ (tm _ ’D’()\X)) €x|z(?j—)fm(z, 9) ‘ Z} (37)
AR (z) =E 7;'(2)182_('2—7;,/9();)1{@(2;9) z} (38)
AR () =E —(tm — D/&X)) vl (2 9)%@@(2; 9) z] (39)

As before, AR captures changes in consumption of x directly caused by the reform to
tz; AR~ captures the impact on government revenue from taxable income choices; and
AR"" is the effect of further changes in consumption of z induced indirectly by changes
in income. The objects inside each average are those of Section 2.6, indexed by 6. In
particular, the elasticities ¢,).(2; #) and €. (z; ¢) and the causal income effect z{ (2; ) may
now vary across households with the same income.

As in Section 2, preference heterogeneity ensures that the tax reform we study will
create changes in effective marginal income tax rates, due to a discrepancy between
required and provided income tax compensation in response to a change in the dirty-good
tax rate. In particular, the income tax offset reduces income tax liability at a marginally
higher level of income by #’'(z)~. But the reform increases consumption tax liability at a

/
inc

slightly higher income by xx!__(z; ) in the case of a type 0 agent. The difference,

‘Tﬁet(’z; 9) =7 (Z) T xgnc(z; 0)7 (40)

is the type-specific analogue of the taste heterogeneity component of Section 2.6. A type 0
agent with income z sees her effective marginal income tax rate change by —rzy ., (2;6),
and the taxable income responses this creates are what generate the welfare effects in
equations (38) and (39).

3.2 Heterogeneity in Behavioral Responses

Because the statistics inside each conditional average vary jointly with ¢, the averaged
behavioral responses depend not only on the average value of each statistic at a given

income level, but also on the covariances between them.
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Consider AR (z), the income tax revenue that results from the combined reform to d¢,
and the income tax. The reform reduces a type 0 agent’s effective tax rate on additional

income by ;. ,(z;#)dt,. This varies across agents to the extent that there is heterogeneity

in the causal income effect, 27, _(z;6). Then the response to that change varies with the
ETI, €.(z;0). We therefore cannot simply replace each behavioral parameter with its mean.
Instead, we can write:

T:(2)z
1-T!(2)

BR(2) = i) - 22 () +

= T() C [az(z; 0), Thet (2; 9)|z] 41)

where 7 () and &, (2) are the average values of 21 ., (2; #) and €. (z; #) for agents at income
level z, and C indicates a covariance. Using only the first term would amount to applying
the unidimensional formula to average statistics. The covariance is a correction that takes
into account within-income heterogeneity.

Turning to the indirect consumption effect, EHC(Z), we can again rewrite thisas a

function of the average values of each statistic and their covariances:

APETT e — D/&X) = =/ 1
AR 7 (z) = TS 28:(2) Tine (2) Thet (2) (42)
t, — D’&X)
+ (m) 28,(2)C [Tine(2;0), ey (25 0) 2]
;D)
+ (ﬁ) 2 C [e2(2:0), Tine (2 0) aper (2 0) 2] -

The first term in this expression is simply the product of mean behavioral responses,
which would also be present in a model without multidimensional heterogeneity.

The second and third terms again involve covariances. These arise from the two steps
that lead from the tax reform to indirect changes in consumption of x. First, the income
response for an individual of type (w, #) is proportional to ¢.(z;6) x z;,(#;6). Second,
tixing this income response, the income effect on consumption of z is proportional to
75, (2;0). The definition of zj ,(2;0) in terms of z{_ (z;#) means that the magnitudes of

these forces are mechanically related at the individual level. As a result, the first covariance

collapses to the negative variance of causal income effects at z:

C [} (2 0), 2pet(2:0) | 2] = =V [z}, (2;0) | 2] - (43)

inc

Intuitively, agents with a larger 2}, (z; #) experience a greater than average change in their
effective marginal income tax rates, and those same agents have a smaller consumption

response to any given increase in their incomes compared to the average.
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The second covariance makes a further adjustment to account for the possibility that the

/

product of the causal income and heterogeneity effects z;

with the ETI, €,(z; ).

This highlights a useful and tractable special case: If we assume that ¢,(z; 6) is constant

(2;0)2} 0 (2; 0) may be correlated

within income levels, then the third term is zero. However, the first covariance remains
non-zero unless causal income effects are constant across individuals with the same income.

This leads to attenuation of the indirect consumption effect.

3.3 Optimal Linear Taxation: The Multidimensional Case

Our final step is to put together the impacts on social welfare from a vertically neutral
reform, and present an optimal tax condition, harnessing the fact that the welfare effect of
any vertically neutral reform (equation 36) must equal zero at the optimum.

By construction, the reforms we have considered do not redistribute vertically. For
simplicity, we also assume throughout the analysis below that welfare weights are uncor-
related with consumption of the dirty good conditional on income, at least on average.
That is, we assume that:

E[C(g(2:0),2(2,0) | 2)] = 0. (44)
In practice, the sign of this covariance depends on whether more intense consumers of
carbon-intensive goods have higher or lower welfare weights conditional on income. The
assumption is exactly the condition under which the mechanical-redistribution term in
equation 36 vanishes. It makes the multidimensional condition empirically implementable
at the cost of abstracting from differences in levels of well-being between households with
the same income, which are potentially relevant if correlated with carbon intensity.

Assuming that the effect on welfare of redistribution within income levels is negligible
on average, rearranging equation 36 yields the following characterization of the optimal
linear tax on the dirty good.

Proposition 3. Assume that welfare weights are uncorrelated with consumption of the dirty good
conditional on income:

E[C(g(2:0),2(2,0) | 2)] = 0. (45)
Then the optimal linear tax on the dirty good satisfies:

CDIX) _ B [Ep[RR(z0)TI(2) | =]
A 1—E, [Ep [RR(z;0)z!, (2;0) | z]]’

inc

RR(2;0) = ny5(2;0) (E[;Z(Z;.H)E(Z) ) (1 iJ;-;ZEZ)) ) (47)

ta

(46)

where:

and the type-specific taste elasticity is:
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ng]ﬁ"agte( 7‘9) — Zw;;t((zz)a 9) _ z(f/(z) :z,<zl)nC(Z 0)) (48)

Equation (46) closely parallels the optimal linear tax condition from the unidimensional

case (Proposition 2), but with expectations taken over both income levels and ¢ types
within each income level. The taste elasticity nTaSte(z ¢) now measures how a type ¢
individual’s causal income effect diverges from the overall cross-sectional relationship

between income and consumption.

3.4 Decomposing the Multidimensional Optimal Tax Condition

To guide our empirical implementation, we can decompose the expectations in equation 46
into average effects and within-income covariance terms. This follows the same logic as
when we decomposed the averaged behavioral responses in Section 3.2.

First, the numerator of the right-hand side of equation 46 can be written as the expecta-

tion of %N(z) where:
N(Z) :’F];[‘?ZSte(Z) _( )&: ( ) ZC(€Z(Z 0)’ 1nc( 9) | Z)

Here, 71%5%(z) and £, () are averages across 6 types at income z.

The first term of this equation involves average values of each sufficient statistic at
each income level. To use this first term while ignoring the second would be equivalent to
naively applying the unidimensional formula with the average values of each sufficient
statistic. The second term is a correction involving the within-income covariance between
the ETT and the causal income effect on .

Consider a population where, conditional on z, agents with higher ¢, also have higher

), (and thus lower n[%%). This implies that the agents that respond most strongly
to marginal income tax changes also experience the smallest changes in their effective
marginal income tax rate from a vertically neutral reform. As a result, the aggregate impact
of a vertically neutral reform on taxable income is lower than would be expected based on
the average ETI and the average taste elasticity.

The denominator of the RHS of 46 can be written as 1 — IE Z[% D(z)] where:

_Taste j(z)]E[xmc(z 9) 52(2 9) | Z] z C( mc(z 9) 1nc(z 0) 62( ) ‘ Z)
D) =1 () =, (:0) (2. 0)] Elesy,(2:0) 2(2.0)] '

This covariance reflects the correlation between the change in the effective marginal
income tax rate induced by the reform and the effect of that change on dirty-good con-
2 0),
which at a given income level is a constant less the household’s causal income effect; the

sumption through increased income. The first is governed by 1, (2;0) = 7'(2) — x{,.(
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second is the product of the induced change in earnings, proportional to € (z; ), and the
rate at which those earnings become dirty-good consumption, which is again z}__(z;0).
Because 7, . enters both channels, the covariance contains a variance term that pushes
it to be positive, which increases the denominator and dampens any optimal deviation
from the Pigouvian level: the households whose earnings incentives are most affected by
the reform are precisely those for whom the resulting change in earnings does least to raise
dirty-good consumption. When the elasticity of taxable income does not vary with 6, the
covariance reduces exactly to this variance term, which is the Var(z,.(2;0) | z) appearing

/

‘rc(2:0) also have

in Corollary 1. Otherwise it is reinforced when households with a high =

a high ¢,(z;0), and offset or overturned when they have a low one.

3.5 A Tractable Case: Constant Elasticity of Taxable Income

In our empirical application, we assume that the ETI does not vary with ¢ at each income
level. Corollary 1 presents the optimal tax condition for this empirically implementable
case. As expected from Section 3.2, the condition features the variance of z{, .. Holding all
other empirical objects constant, this extra term attenuates any deviation of the optimal
tax on z from the Pigouvian level.!? Only in the special case in which there is no within-
income heterogeneity, so that Var(z{ (z;6) | z) = 0, does equation (49) simplify to the

unidimensional optimal linear tax condition in Proposition 2.

Corollary 1. If £,(z; 0) = £,(z) for all f at each income level z, the optimal linear tax satisfies:

L D) E. [RR(2)7!(2)] (49)
A 1—E; [RR(2)Z,.(2)] + E. [ﬁi(z)\/(w’ (2;0) | z)}

inc

where:

RR — - laste éz(z)i(z) I+t

RR(:) = () (E[em; em(z,e)]) (=) 0
— £.(2)z 1+t,
]E[gx\z(z; e)j\:(z7 9)] 1- 7;/(2) ’

)

~
O

1

(51)

and 7} (z) = E[xz] (2:0) | 2] is the average causal income effect at z.

Corollary 1 identifies the sufficient statistics that are needed to characterize optimal
policy with multidimensional heterogeneity, subject to our restriction that the ETI is

constant. First, we require the average value of several statistics at each income level: the

12A related result appears in Taubinsky and Rees-Jones (2018) and Farhi and Gabaix (2020). In these
papers, inattention to a commodity tax creates a corrective motive for taxation because households consume
more of the taxed good than would maximize their utility. The optimal commodity tax is therefore above
the level under full attention, as part of the role of the tax is to reduce over-consumption. Heterogeneity in
attention makes this correction imperfect, and attenuates the corrective component of the optimal tax.

24



cross-sectional slope, 7' (z); the causal income effect, Z}  (z); the ETI, . (z); and the demand
elasticities ¢, (2; 0), which enter through their consumption-weighted average. Second,
we need to measure the within-income variance in income effects, Var(z (z;6) | 2).

4 Empirical Application

Equations 29, 33, and 49 allow us to quantify the optimal carbon tax for the United States
while taking into account preference heterogeneity. For a given marginal social cost of
carbon, we show how the Pareto-efficient carbon tax may deviate from the standard
Pigouvian correction under both nonlinear and linear tax systems, presenting estimates for
a range of different assumptions regarding the compensated elasticities of taxable income
and dirty-good consumption. We initially consider the simpler unidimensional case, and
then we incorporate multidimensional heterogeneity.

We start with our empirical quantification of taste heterogeneity, n}*};te (z). This is the
focus of Section 4.1. In Section 4.2, we then describe how we estimate and calibrate the
other key objects which jointly determine the optimal carbon tax.

4.1 Quantifying Taste Heterogeneity

To estimate the extent of taste heterogeneity, we use the decomposition of the cross-
sectional relationship provided by equation 19. This requires an estimate of 2’(z), which

we obtain from cross-sectional variation in the CEX; and an estimate of z/

inc at each of many

different points in the income distribution, which we obtain by running our own survey.

4.1.1 Measuring Cross-Sectional Variation Using the CEX

We measure the cross-sectional relationship between income and consumption of carbon-
intensive goods (#(z)) using the Consumer Expenditure Surveys. Specifically, we use
information from the public use microdata (PUMD) files of the 2018-2024 CEX surveys
from the United States Bureau of Labor Statistics. We rely on the Interview survey, a
rotating panel survey with approximately 6,000 observations per quarter, providing de-
tailed data on expenditures, income, and characteristics of consumers. We restrict the
CEX sample to respondents aged 25 to 54 to align it with our custom survey sample. This
results in a sample composed of 59,238 quarterly observations across 25,888 households.!?
Because of the rotating nature of the panel, households may be sampled between one and
four consecutive times (quarters) across the sample period (2018-2024).

We measure expenditure levels for two carbon-intensive expenditure categories: (i)

an aggregate dirty good, and (ii) gasoline and other motor oils. Aggregate dirty-good

13See the detailed definition of a “consumer unit” at: https:/ /www.bls.gov /cex/csxfaqgs.htmi#qcl.
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consumption is defined as the sum of expenditure on electricity, gasoline and motor oil,
heating fuels, and natural gas. These categories account for 93.7% of expenditures on
goods with direct household carbon emissions. We convert quarterly expenditures to
2024 dollars and annualize them. Appendix A.1 shows the share of total consumption
accounted for by these and other categories.

Figure 1 shows that consumption of carbon-intensive goods (in levels) increases with
household taxable income but at a decreasing rate. The income-percentile bins show this
cross-sectional relationship transparently.!* We also fit the household-level microdata
across years with a Poisson regression quadratic in the log of (centered) taxable income to
recover a smoothed estimate of the slope of the cross-sectional relationship 2/(z). See Ap-
pendix Table A.3 for details. Panel (a) of Figure 1 shows the average dirty good expenditure
at each point in the income distribution. Panel (b) shows the same measure for gasoline
only. Both the binning and fitting approaches abstract away from any within-income
heterogeneity in dirty-good consumption. In Section 4.3.3, we relax this restriction.

Appendix Figure A.1 reports the corresponding expenditure shares (as a percent of
total expenditures). Poorer households spend a much larger share of their consumption
budget on carbon-intensive goods than do higher-income households. For the aggregate
dirty good displayed in panel (a), the share ranges from a high of 12.5% at the bottom
of the income distribution to a low of approximately 3.9% at the very top. Focusing on
gasoline only, displayed in panel (b), the expenditure share ranges from 5.7% at the bottom
of the income distribution to 1.8% at the very top.

4.1.2 Measuring Income Effects Using a Hypothetical Choice Survey

/

Next, we measure the causal response of additional income, z; ..

This requires a survey
of our own, which measures how each household’s consumption would respond to a
small amount of additional income. We designed and ran the survey using Qualtrics, and
recruited participants on Prolific Academic.'> The sample comprises 1,551 US residents aged
25 to 54, and was designed to be representative of the US population along the targeted
dimensions of age, gender, and race (see Appendix Table A.8).1¢

The primary purpose of the survey is to elicit how each household would respond to an

unexpected increase in household (after-tax) income. Respondents were asked to allocate

4We assign each household to a year-specific income percentile (because taxable income is measured
annually). We further decompose the top 1% of earners into a 99.9th percentile bin, corresponding to the
top 0.1% of CEX respondents and leading to a total of 101 percentile bins each year. We then average
consumption and income across year-bin cells first, using CEX-provided survey weights to ensure the
sample is representative of the US population, and then across years.

15The survey and our analysis of the results were pre-registered on the Open Science Framework (OSF)
platform in January 2025: https://osf.io/swqze.

16The survey was conducted in two waves, the first in February 2025, and the second in July 2025.
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(a) Aggregate Dirty Good
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(b) Gasoline
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Figure 1. Consumption expenditure of carbon-intensive goods across the income distribution

Note: These binscatter plots show (i) survey-weighted average annualized expenditure, and (ii) correspond-
ing average household taxable income within each income percentile bin (and a top 0.1% bin). The solid
curve shows the centered-quadratic Poisson fit estimated from household-level data. The “dirty good”
expenditure category includes gasoline, electricity, natural gas, and heating fuels. Household consumption
expenditures and taxable incomes were converted to 2024 USD using the average annual Consumer Price
Index in the US. The figure is truncated at $350k for readability.
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a $1,000 permanent increase in household income across an exhaustive list of expenditure
categories (mirroring those from the CEX), and a residual savings bucket.!” This elicitation
procedure provides us with each respondent’s marginal propensity to consume (MPC)
out of a permanent increase in household income, and its breakdown between carbon-
intensive goods (electricity, natural gas, heating fuels, and gasoline) and other goods. We
also collected information about respondents’ status quo household income (both before-

and after-tax), and the breakdown of their expenditures.

Response Quality. We took several steps to ensure the quality of responses. We screened

out respondents based on (i) past studies’ rejection rates, and (ii) the number of hours spent
on the platform. In line with our pre-registration plan, we filter out participants who fail
attention checks, complete the survey implausibly quickly, are extreme outliers, or provide
inconsistent or nonsensical information regarding incomes or marginal propensities to
consume (see Appendix Table A.9 for a breakdown of sample exclusions).

In addition, we have a powerful way to validate the representativeness of our survey
sample. Figure A.2 plots the relationship between our respondents’ reported status-quo
consumption shares and their incomes. This relationship can be compared to that in the
Consumer Expenditure Survey (Figure A.1). The figures align closely, suggesting that our
responses are of high quality and our respondents quite representative.

/

Estimating Causal Income Effects. Our estimates for ],

build on our survey respondents’

marginal consumption choices in response to a hypothetical increase in their incomes.
However, we need to make a few additional assumptions to estimate z/_ _(z) based on the
consumption response to a small permanent increase in after-tax income.

First, note that in our theoretical framework, the response of z to a pure income shock
(the quantity we observe in our custom survey) is given by:

WO E) o)+ 2L, ) 62)
where 7, and 7,, are income effects due to a reform that lowers the tax burden slightly,
while leaving both marginal tax rates unchanged (see Appendix D for formal definitions).
Imposing weak separability between income and consumption choices lets us simplify
this.!® The causal effect of z on z then only occurs via the change in disposable income
I,ie,0x/0z = 01/0z x 0x/0I|,_,,) = (1 —T7) x 9x/01|,_,(,,), and we can rewrite the

income effect on consumption of the dirty good holding taxable income fixed as:

17See Figure E.1 for a screenshot of the online survey page.

18There is limited evidence that gasoline consumption is complementary with leisure (West and Williams
111, 2007), although this finding is not universal (Beznoska, 2014). If this is true for overall carbon intensity, our
estimates understate the optimal tax on carbon-intensive goods. See Kaplow (2012) for further discussion.
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(a) Aggregate Dirty Good
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Figure 2. Causal income effect 2. for carbon-intensive goods across the income distribution
Note: These binscatter plots show the causal income effect 2/, _ for carbon-intensive goods (corresponding
to a rescaled marginal propensity to consume, see equation 55) across 20 equally-sized bins of household
taxable income, together with our preferred Poisson-quadratic conditional-mean fit, using data from a
custom representative survey of the US population (N = 1, 551). Consumption responses are converted to
2024 dollars. The “dirty good” expenditure category includes gasoline, electricity, natural gas, and heating
fuels.
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77m|z(z) (53)

1T (2) 0z
This means the total impact of a pure income shock on consumption of x can be written as

de (0 (2);2) 8:1;(1?)(2);2)'

i = o ) T &)

If we further assume that the income effect on taxable income is negligible (1, ~ 0), then

() = LN (1)) WD) 55)

!
inc’

Figure 2 shows the causal income effect, z; _, across the income distribution obtained
from our survey. It is calculated by equation 55, where dx is the dollar amount of the
permanent $1,000 after-tax income increase allocated to the dirty good, and d! is $1,000.
This MPC is rescaled by the net-of-tax rate obtained from the CEX, and matched to
respondents” income (see Figure A.4). Figure 2 also plots the corresponding Poisson
conditional-mean fit, quadratic in taxable income (see Appendix Table A.4). Panel (a)
shows the aggregate results for all of the carbon-intensive goods, while panel (b) shows
the results for gasoline. In both cases, the fitted response is positive and declines with
income for both the aggregate dirty good and gasoline.

/

This approach for estimating ;.

relies on the unadjusted consumption response to
the small income windfall, where respondents were allowed to save a portion of the small
income increase. Since our model is static, it abstracts away from savings. As a result,
the residual z;, may reflect in part heterogeneity in savings as well as heterogeneity in
preferences for carbon-intensive goods. In Appendix section A.8, we show that our results
are robust to an alternative “savings-adjusted” approach, in which we adjust both our
measure for the cross-sectional slope #’(z) and the causal effect of income on dirty good

/

consumption

correspondingly, by rescaling the share of dirty good expenditures (as
a percentage of total expenditures) with the level of after-tax income. Figures A.5 and
A.6 show that these two adjustments result in almost identical results, leaving our main
conclusions unchanged. If anything, the “savings-adjusted” optimal tax schedules are

slightly closer to the Pigouvian benchmark (see Table A.7).

4.1.3 Combining Cross-Sectional and Causal Variation to Estimate Taste Heterogeneity

Our next step is to evaluate the cross-sectional derivative and the causal income response
on a common log-spaced income grid for numerical simulations, and calculate zy,(2)
as the difference between 7'(z) and ] (z). Starting from the binned CEX percentile
distribution for income z and dirty-good consumption x (as plotted in Figure 1), we

construct both a “continuous” distribution for taxable income H(z) (smoothing the bin
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weights at each averaged income level) and the corresponding cross-sectional consumption
profile (in levels) by fitting a smoothing spline to log = as a function of log z. We project the
estimates from our regressions onto the same income grid to evaluate both (i) the CEX-
based #'(z) from the fitted x(z) schedule as plotted in Figure 1, with coefficient estimates
shown in Table A.3, and (ii) the survey-based z;, (z) from the fitted schedule plotted in
Figure 2, with coefficient estimates (from the Poisson regression) shown in Table A 4.1
The results are depicted in Figure 3. For brevity, we restrict the remainder of our
empirical analysis to the aggregate dirty good. However, we present results for each

component in Appendix A, which are very similar in their implications.

0.1 T T T T T
Cross-sectional profile ¥'(z)
Poisson quadratic causal x;nr(z)

— — OLS quadratic causal x; (z)

Poisson quadratic implied x;m(z) i

— — OLS quadratic implied x}m(z)

tion per dollar of earned income

in consump

-0.06 | I I 1 1
50 100 150 200 250 300

Household Taxable Income (USD1000s)

Change

Figure 3. Decomposition of the cross-sectional profile ' (z) — Aggregate Dirty Good

Note: This figure shows how we decompose the cross-sectional relationship between income and carbon-
intensive good consumption. The black line is a smoothed estimate of the cross-sectional slope, /(z),
at each level of income. The blue lines show estimates of the causal effect of income on expenditure on
carbon-intensive goods. The orange lines subtract the income effect from the cross-section to obtain the part
of the relationship between z and z that comes from preference heterogeneity. Solid blue and orange curves
use the preferred Poisson specification, while the dashed curves show the OLS fit.

The black curve in Figure 3 depicts the smoothed cross-sectional profile #'(z). It
is positive and decreasing with income, but quickly flattens out for household taxable

incomes between $100,000 and $300,000. This illustrates the increasing and concave
relationship between levels of consumption of carbon-intensive goods and taxable income.

1PWe also show coefficient estimates for the linear regression (OLS) with a quadratic in income. The
Poisson regression is preferred because it is less sensitive to overfitting in the upper tail (see Figure 3) beyond
the top income support of our custom survey. For the tax simulations, we further impose a smooth transition
of the 2/ . (z) schedule toward 2’(z) between $250,000 and $450,000, setting the two equal thereafter. This is
an upper-tail regularization assumption which sets z} . (z) = 0 beyond $450,000.
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The blue curves show our fitted estimate of 7 (z), which is decreasing throughout

the income distribution. The orange curves show the implied (residual) z},(2) which
determines the sign of n}?gte (z), a central input into the shape of our optimal and Pareto-
efficient nonlinear tax schedules. Our estimates of #’(z) and ! _(z) are close overall but
the cross-sectional slope lies below the causal response across the income schedule, and
more so at the lower end and middle of the income distribution i.e. for incomes up to
$150,000. This leads to estimates of z; () that are negative, but converge towards zero
as we move up the income distribution. This implies that differences in taste are mostly
present at the bottom of the income distribution, and contribute relatively little to variation
in carbon intensity over the income distribution.

It is important to note that there was no reason a priori to expect our estimate for
the causal effect of income to closely match the cross-sectional profile across the income
distribution. The first is an individual-level response (i.e., a change) from our custom
hypothetical survey, while the second is computed as a slope using expenditures (i.e.,
levels) across households from the large CEX surveys.

For direct application in our quantitative analysis, Figure 4 translates this zj ., (2)
into the taste elasticity n;:rf’jte (z) that appears in equation 31, for our preferred Poisson
specification. This schedule, together with the compensated elasticities of taxable income
and dirty-good consumption, the marginal damage, and the marginal income tax schedule,
determines the shape of the Pareto-efficient nonlinear tax schedule on consumption of the

carbon-intensive good (see equation 29).

4.2 Estimating and Calibrating Other Quantities

Elasticity of consumption of carbon-intensive goods. We follow an empirical approach

similar to that of Li et al. (2014). We construct a panel using the CEX, with variation
over time and between states in gasoline excise taxes and prices. Then we study the
consumption response of gasoline to tax changes from 1996-2021. We estimate the uncom-
pensated elasticity to be 0.59 (SE: 0.30) in our preferred specification with month x year
tixed effects and household-level controls (see Appendix A.6 for details). We thus use three
values for the compensated elasticity in our tax simulations for sensitivity analysis: 0.5
for our preferred benchmark scenario, 0.25 for the low elasticity of dirty-good consumption

scenario, and 0.75 for the high elasticity of dirty-good consumption scenario.

Elasticity of taxable income. We calibrate the ETI ¢, (z) for our benchmark scenario to be

constant at 0.33, which is the preferred estimate (on the intensive margin) from the meta-
analysis of Chetty (2012). We also consider a value of 0.7 for our high taxable income
elasticity scenario.
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Figure 4. Elasticity of consumption of = with respect to income via taste heterogeneity only

Note: This figure plots the “taste elasticity”, n;“?;fE. It is based on our estimates of x{ ,(z), which are shown

by the orange line in Figure 3 (the Poisson specification), but converted into an elasticity.

Marginal damage from carbon. We follow Hahn et al. (2024) and assume a Social Cost of

Carbon (SCC) of $200 per ton. This is within the range of estimates provided by a recent
report of the US Environmental Protection Agency (EPA, 2023). The aggregate dirty good
generates an estimated average of 2.462 of CO, per dollar of final expenditure.?’ This
results in a marginal damage of 49 cents per dollar of final expenditure, which implies
a baseline Pigouvian tax of 49% in our model.?! We note that our Pareto-efficient tax
schedules are calibrated relative to this marginal damage estimate. A reader who prefers
an alternative estimate of the SCC can approximately shift the levels of all of our optimal
tax schedules (e.g., Figure 6) to match their higher or lower estimate of the marginal

damage from carbon-intensive consumption.

Marginal income tax rate schedule. We estimate the relationship between after-tax and

before-tax household income, in a similar way to the cross-sectional profile of carbon-
intensive goods, by fitting the 2018 to 2024 CEX data?? (converted to 2024 USD using the
average annual Consumer Price Index (CPI)) with a Poisson regression quadratic in the log
of taxable income, with year fixed effects and CEX household weights.>> We compute the

20This is calculated as the expenditure-weighted average of its three components for which emissions data
are available: gasoline, electricity, and natural gas (see Appendix Table A.2 for a breakdown by component).
21This magnitude is in line with the gasoline tax in France (TICPE) in 2024 (DILA, 2024), while in our data
(see Appendix Section A.6 for data sources) the average gasoline tax across US states was 18.5% in 2021.
22WWe exclude observations with missing after-tax income data, which includes the 2024 Q2 to Q4 waves.
23The sample is restricted to households whose reference person is aged 25-54, with before-tax income of
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marginal tax schedule as one minus the analytical derivative of the fitted relationship. The
blue curve in Figure A.4 shows the resulting marginal income tax rates across the income

distribution used in our simulations.

4.3 Empirically Optimal Tax Rates

Figure 5 plots the optimal marginal tax rates on the carbon-intensive good implied by our
Pareto efficiency conditions for the unidimensional case. Panels (a) and (c) present the
nonlinear case (equation 29). Panels (b) and (d) show the case where the tax is restricted
to be linear (equation 33). Panels (a) and (b) assume an ETI ¢, = 0.33, which is most
consistent with Chetty’s (2012) meta-analysis. Panels (c) and (d) assume ¢, = 0.7, a high
ETI scenario. In each panel, we present estimates for a range of values for the compensated

net-of-tax rate elasticity of spending on the carbon-intensive good.
4.3.1 Optimal Nonlinear Taxation of Carbon — Unidimensional Case

We focus first on the nonlinear case. Under the benchmark calibration with ¢, = 0.33
and g,, = 0.5, the Pareto-efficient marginal tax rate lies below marginal damage (the
Pigouvian level) across the income distribution. It is 46.6 cents around $40,000, falls to
44.7 cents around $100,000, and then rises to 46.7 cents around $250,000, compared with a
marginal damage level of 49 cents per dollar of expenditure.

The downward adjustment follows from the negative preference-heterogeneity com-
ponent in Figure 3. Households at lower incomes have relatively higher taste for carbon-
intensive goods. A carbon tax slightly below the Pigouvian level can thus achieve redistri-
bution at a lower distortionary cost than through the income tax. The departure from the
Pigouvian level becomes larger when dirty-good consumption is less responsive (e.g. with
£4). = 0.5) or when taxable income is more elastic (e.g. with ¢, = 0.7) because using the

carbon tax for redistribution is then less costly relative to using the income tax.

4.3.2 Optimal Linear Taxation of Carbon — Unidimensional Case

Panels (b) and (d) show the results when we restrict to linear taxation. In our benchmark
scenario with e, = 0.33 and )z = 0.5, the Pareto-efficient rate is 46 cents, equal to 93.4%
of marginal damage. The distributional adjustment lowers the optimal linear rate by only
3.3 cents per dollar of expenditure. In this sense, distributional concerns have a modest
impact on the optimal carbon tax if it is required to be linear. As before, the adjustment is
larger if taxable income is more elastic or dirty-good demand is less elastic.

The Pareto-efficient linear tax is a weighted average of the quantities determining the

marginal tax rates at each income level in the nonlinear case (see equation 32). Departures

at least $5,000, positive total expenditures and after-tax income.
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from the Pigouvian level thus depend on a weighted average of the preference hetero-
geneity term from equation 31. As Figure 4 shows, n;fégte (z) is negative across the income
distribution and rises toward zero at higher incomes. Integrating over the distribution, the

Pareto-efficient linear tax is therefore below but near the Pigouvian level.
4.3.3 Optimal Linear Taxation of Carbon — Multidimensional Case

To quantify the optimal carbon tax with multidimensional heterogeneity, we need the
conditional variance of the income effect. To estimate this, we exploit our individual-level
survey. Specifically, we use the squared residuals from the estimation of the conditional
mean 7}, () with our Poisson-quadratic specification.?* This lets us estimate Var(z/,,. | z)
by fitting the squared residuals with a quadratic generalized linear regression in taxable
income (see Appendix A.5). We project this fitted conditional variance schedule onto the
log-spaced income grid we used for the unidimensional numerical simulations.

Table A.5 shows the regression results, while Figure A.3 plots the fitted schedule. The
conditional variance of the causal income effect is largest for households at the bottom of
the income distribution, and declines moderately over the income range shown, implying
that multidimensional heterogeneity in the causal income response is most significant at
lower incomes and smaller at higher income levels.?>

Aside from Var(zf,. | z), we re-use most of the empirical quantities from the uni-
dimensional case, with the difference that point estimates used for calibration of the
unidimensional case are interpreted as conditional averages. For example, ngf‘ZSte (z) =
E[nist (2,0) | 2] and (z) = E[z (z,0) | z]. We continue to assume constant values for the
elasticities of taxable income and consumption of the carbon-intensive good.

Figure 6 plots the optimal tax rate for the multidimensional case (orange dotted line).
For comparison, we also include the linear tax rate implied by the Pareto-efficient linear
tax formula in the unidimensional case (green dashed line). Panel (a) assumes an ETI
e, = 0.33, and an elasticity of consumption of the carbon-intensive good Eqlz = 0.5, while
panel (b) assumes ¢, = 0.7, and €, = 0.25. As expected based on our theoretical results,
within-income variation of the causal effect of income leads to attenuation: The optimal
tax is pushed closer to the Pigouvian benchmark.

The degree of attenuation is nonetheless very small in our baseline calibration. It is
slightly larger in the lower panel, where the deviation from Pigouvian taxation was larger

without multidimensional heterogeneity. This is because the amount of attenuation due to

24Said differently, we exploit the identity e? = (x/,,.; — E[z},. | 2i]) 2,
BComputing the raw variance of the causal effect at deciles of the income distribution yields similar
values to the fitted curve. We note that both approaches may yield upwardly biased estimates of Var(zf, . | 2)

inc
if there is significant measurement error in «/, _, which is plausible.
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Figure 6. Dirty-Good Marginal Linear Tax Rate: Unidimensional vs. Multidimensional Heterogeneity

Note: This figure plots the Pareto-efficient (linear) carbon tax in the unidimensional case vs. the optimal
linear tax rate when accounting for multidimensional heterogeneity for different values of the elasticities of
taxable income and consumption of the carbon-intensive good.
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Var (i, | 2) is proportional to the ratio of elasticities ¢, /¢, (see equation 49). Recall that
this same ratio scales the intensity of the preference heterogeneity adjustment in the first
place (see equation 32), which implies that the degree of attenuation from within-income
heterogeneity in 0z /0z is greatest precisely when the numerator of equation 49 is largest.
As a result, there is only minimal attenuation in Figure 6(a) where the optimal linear
rate in the unidimensional case was already close to the Pigouvian level. There is more

attenuation in panel (b), where the higher ratio of elasticities led to a larger deviation.
4.3.4 Back-of-the-Envelope Welfare Calculation

A back-of-the-envelope calculation suggests that the additional surplus from adjusting
the tax on the dirty good from the Pigouvian level to the Pareto-efficient level is small. In
our benchmark calibration, moving to the Pareto-efficient rate adds $1.05 per household
per year for the linear tax, $1.22 for the nonlinear schedule, and $0.99 for the linear tax
when within-income heterogeneity is accounted for. The linear-tax gain is 0.0013% of mean
consumption expenditure (see Appendix C and Table C.1 for details).

For comparison, moving from a zero tax rate to the Pigouvian level yields a surplus of
$267.36 per household per year. Taxing at the Pigouvian rate therefore captures 99.61%
of the calculated surplus from moving from a zero tax to the Pareto-efficient tax rate in
the linear case (for our baseline elasticity scenario), and at least 89.2% across the elasticity
combinations considered (across linear and nonlinear tax schedules). While we focus on
different mechanisms, this is similar to Douenne et al.’s (2025) result that there is only a
0.008% consumption-equivalent welfare gain from moving from Pigouvian taxation to

their optimum in their dynamic model with incomplete markets.

5 Conclusion

The use of taxes or subsidies to internalize externalities is widely accepted by economists as
an important role of government. When it comes specifically to climate change, economists
have forcefully advocated for a carbon tax on these grounds (Akerlof et al., 2019). But this
idea has gained limited traction politically.

We formally study one specific critique of carbon taxes, and of corrective taxes more
generally: They can be regressive. Our theoretical results show that the fact that poorer
individuals are more carbon-intensive in their consumption does not necessarily change
the optimal carbon tax. What matters is whether this regressivity reflects income effects
or preference heterogeneity. Differences in taste for carbon-intensive goods at different
income levels can make the carbon tax a lower-cost redistributive instrument relative to

the income tax. We show how to quantify preference heterogeneity empirically, and take
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our sufficient statistics tax formulas to the data.

The implications of our empirical results for the optimal tax on carbon-intensive goods
depend on whether nonlinear taxation is feasible. If only linear carbon taxation is possible,
then the optimal tax is slightly below but remains close to the classic Pigouvian prescription
of setting the tax equal to the marginal damage from emitted carbon. The Pareto-efficient
rate is 46 cents in our baseline scenario, compared with marginal damage of 49 cents per
dollar of expenditure. Allowing for heterogeneity within income levels leads to attenuation
and moves this rate closer toward the Pigouvian benchmark.

The conclusion is more nuanced if nonlinear carbon taxation is possible. Our benchmark
scenario implies that optimal marginal tax rates are below the Pigouvian level and more
so for lower- and middle-income households, but rise back toward that level for higher-
income households. This pattern is amplified if the elasticity of taxable income is higher, or
the behavioral response to carbon taxation is smaller. In such cases, adjusting the carbon
tax becomes a more attractive tool to redistribute income, relative to income taxation.

Our conceptual and empirical frameworks could be applied to many settings that
involve both distributional concerns and externalities. This could include other environ-
mental externalities, public health problems, or even criminal behavior. Our results suggest
that preference-driven differences in carbon intensity have a limited impact overall. Our
estimate of the optimal carbon tax is therefore close to the Pigouvian benchmark. However,

this result may differ for other externalities.
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A Empirical Appendix
A.1 Average Expenditure Shares and CO, Emissions across Categories

Table A.1. Average Expenditure Shares across Categories

Avg.
Food and Beverages 0.175
Housing (excluding utilities) 0.279
Electricity, natural gas, and home heating fuels  0.039
Water, sewage, and other public services 0.012
Healthcare 0.061
Gasoline and other motor fuels 0.043
Flights / Airfare expenditures 0.005
Other Expenditures 0.386
Observations 59,238

Note: This table shows shares allocated to each consumption category among consumers in the Consumer
Expenditure Survey before-tax/expenditure working sample: 2018-2024, including all four quarters of 2024,
reference-person age 25-54, and annual before-tax income of at least $600 in 2024 dollars.

Table A.2. Average CO, Emissions per Dollar of Final Energy Expenditure in the United States

Unit Price per CO; Emissions CO, Emissions
Unit (2023 $)  per Unit (kg) (kg per $)
Gasoline Gallon (3.785 litres) 3.635 8.778 2.415
Electricity kWh delivered 0.1600 0.363 2.270
Natural gas 1,000 cubic feet (Mcf) 15.40 54.440 3.535
Air travel Passenger-mile 0.1566 0.182 1.161

Note: Prices are nominal 2023 U.S. average final consumer prices from the U.S. Energy Information Ad-
ministration (EIA). Gasoline uses the EIA U.S. annual retail price for all grades. Electricity and natural gas
use EIA residential prices, consistent with household final expenditure categories. Emissions are direct
CO; emissions only and exclude upstream, refining, transmission, and other life-cycle emissions. Electricity
emissions use EPA eGRID2023’s U.S. average CO, output rate, adjusted for grid gross losses. Gasoline
and natural gas emissions use default combustion factors. Air travel emissions are calculated using jet fuel
emission factors (EIA /EPA) and passenger-mile fuel economy from the U.S. Transportation Energy Data
Book. The price per passenger-mile uses FAA passenger yield data.
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A.2 Estimating a Smoothed Cross-Sectional Profile 7'(z)

Table A.3. Coefficient Estimates — Conditional Mean Carbon-Intensive Consumption

Dirty goods Elec. and heating fuels Gasoline

Centered log income, z; 0.228*** 0.217*** 0.240***
(0.005) (0.006) (0.007)
Centered log income squared, z? 0.010** 0.052*** -0.029***
(0.004) (0.005) (0.006)
Constant 8.653*** 7.799*** 8.101***
(0.012) (0.013) (0.016)
Year fixed effects Yes Yes Yes
Households 25,199 25,199 25,199
Observations 57,345 57,345 57,345

Note: This table reports coefficient estimates from separate Poisson pseudo-maximum-likelihood regressions
of annualized consumption (in levels) of each good on centered log before-tax household income. Let x;
denote household i’s annual consumption expenditure, z; its annual before-tax income, and ¢ its survey year.
The conditional mean is E[x; | z;,t] = exp (a + 61z + BQEZ-Q + 5t), where z; = In (W) and §; denotes year
fixed effects, with 2024 as the omitted year. Consumption is measured in 2024 dollars. The sample consists
of Consumer Expenditure Survey observations from 2018-2024 for households whose reference person is
aged 25-54 and whose before-tax income is at least $5,000 in 2024 dollars (to avoid overfitting observations
with both very low income, likely transitory, and relatively large consumption levels). The regressions use
CEX household weights. Estimates are then used to construct the consumption-level fits as plotted in Figure
1 and analytical derivatives #/(z) passed to numerical simulations for the optimal tax schedules. Standard
errors are clustered by household. *** p<0.01, ** p<0.05, * p<0.1.
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A.3 Cross-Sectional Profile: Carbon-Intensive Consumption in Shares

Share of polluting goods in total expenditures (in %

Share of gasoline in total expenditures (in %)
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Figure A.1. Expenditure shares of carbon-intensive goods across the income distribution

Note: These binscatter plots show (i) the average share (in %) of expenditure on polluting goods as a

fraction of total consumption, and (ii) the corresponding average household taxable income, for each income

percentile using data from the 2018-2024 Consumer Expenditure Survey quarterly waves. The “dirty

good” expenditure category includes gasoline, electricity, natural gas, and heating fuels. Household taxable

incomes were converted to 2024 USD using the average annual Consumer Price Index in the US. The figure

is truncated at $350k for readability. This excludes the top 3% of earners.
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A.4 Share of Carbon-Intensive Goods in Status Quo Expenditures

(a) Aggregate Dirty Good

Share of Dirty Good (Status Quo) Expenditures
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Figure A.2. Share of carbon-intensive goods in total (monthly) expenditures in custom survey

Note: These binscatter plots show (i) the average share of expenditure on polluting goods as a fraction of
total expenditures, and (ii) the corresponding average household taxable income, averaged across 20 bins
of household taxable income (selected with the command binsreg (Cattaneo et al., 2024)), and (iii) a global
polynomial of degree 2 estimated to fit the relationship between these two variables, using data from a
custom representative survey of the US population (N = 1,442). The “dirty good” expenditure category
includes gasoline, electricity, natural gas, and heating fuels.
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A.5 Estimating Income-Conditional Moments of the Causal Consump-
tion Response E|[z}, |z] and Var[z},|]

Table A.4. Coefficient Estimates — Conditional Mean of the Causal Income Effect 2/ ()

Dirty goods Elec. and heating fuels Gasoline

OLS Poisson OLS Poisson OLS Poisson

Income (10,000 USD) -0.00462%* -0.126*** -0.00264*** -0.173*** -0.00198*** -0.0855"*
(0.000930) (0.0319)  (0.000572)  (0.0388) (0.000590) (0.0386)
Income squared 0.000105*** 0.00188 0.0000672*** 0.00369** 0.0000382** 0.000251
(0.0000303) (0.00132) (0.0000185) (0.00147) (0.0000189) (0.00163)
Constant 0.0597*% -2.682%**  0.0296***  -3203** (.0301%*"* -3.447%*
(0.00589)  (0.148)  (0.00366)  (0.187)  (0.00377)  (0.185)

Mean squared error ~ 0.00408  0.00407 0.00128 0.00127  0.00162  0.00162
Observations 1,551 1,551 1,551 1,551 1,551 1,551

! . on before-tax income z and before-

Note: This table reports coefficient estimates from the regression of =z . ;

tax income squared z2. Columns are estimated separately for each good using our custom survey sample.
Income is measured in tens of thousands of 2024 dollars. OLS columns correspond to a linear regression with
a quadpratic in income; Poisson columns correspond to a log-link quadratic specification. Robust standard
errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table A.5. Coefficient Estimates — Conditional Variance of the Causal Income Effect Var(z]. | 2)

Dirty goods Gasoline Elec. and heating fuels

Income (million USD) -7.933 -7.193 -12.71*
(5.631) (6.985) (6.738)
Income squared -4.073 -9.150 7.603
(21.46) (27.25) (26.26)
Constant -4.815***  -5.751*** -5.731***
(0.313) (0.382) (0.370)
Mean squared error 0.00026  0.00007 0.00004
Observations 1,551 1,551 1,551

Note: This table reports Gamma GLM coefficient estimates with a log link for the squared residuals from the
baseline Poisson-quadratic conditional-mean model of 2/, ., shown in Table A.4. The fitted values provide
the paper’s estimate of Var(z/. | z) as a function of before-tax household income z. Income is measured in
millions of 2024 dollars (for ease of exposition of the coefficient estimates’ units in the table). Standard errors

are in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Figure A.3. Conditional variance of #{,.(z) across the income distribution

Note: This figure shows the fitted conditional variance of the causal effect of income on dirty-good con-

sumption, Var(z{ . | ), estimated from our custom survey (N = 1,551). The fitted curve comes from a

log-link Gamma GLM for squared residuals from the preferred Poisson quadratic mean specification and is
evaluated on the same income grid used in the tax simulations.

A.6 Estimating the Uncompensated Elasticity of Gasoline Consumption

Following Li et al. (2014), we estimate a log-log two-way fixed effects regression to recover
the elasticity of gasoline consumption with respect to the net-of-tax rate. We use granular
data at the household level rather than aggregated data at the state level and estimate the

following regression equation:

-
log(gist) = arlog(pst) + Blog(1 + pii) + OXist + 05 + O + €ist (56)

S
where ¢;; is the household-level consumption of gasoline (in quantities), p; is the tax-
exclusive price of gasoline, 7, is the gasoline excise tax (in dollars); X;, is a vector of
household-level controls; and J, and ¢; are state and time (yearly or monthly) fixed effects.
The coefficient —f3 in the first row can be interpreted as the uncompensated elasticity

of gasoline consumption with respect to the net-of-tax rate.
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Table A.6. Elasticity of gasoline consumption with respect to tax rate: 1996-2021

1 2) 3) 4
log(1 + tax ratio) -0.379 -0.382 -0.585**  -0.589**
(0.322) (0.322) (0.297) (0.297)
log(gas price) -0.453***  -0.454***  -0.414*** -0.415***
(0.145) (0.145) (0.136) (0.136)
State FE Y Y Y Y
Year FE Y Y
Month x Year FE Y Y
Household Level Controls N N Y Y
R? 0.089 0.090 0.201 0.202
Observations 596,822 596,822 542,574 542,574
Clusters (State x Year) 1,035 1,035 991 991

Note: This table shows the coefficient estimates from the regression of equation (56). All regressions
control for family size and use annual weights to make the sample representative of the United States
each calendar year (see section 6.3.1 of https://www.bls.gov/cex/pumd-getting-started-guide.htm#
section3). Additional household-level control variables include age (of the reference person), urban vs.
rural status, taxable income, education level, and family type. Quarterly data from 1996-2021 on household
gasoline consumption are from the interview module of the Consumer Expenditure Surveys Public use
microdata files. We can use month x year fixed effects because of the rotating nature of the survey. Gasoline
tax data are obtained from the U.S. Department of Transportation, Federal Highway Administration, and
gasoline prices are from the U.S. Energy Information Administration (State Energy Data System, SEDS) for
the same period. Standard errors are clustered at the State x Year level. *** p<0.01, ** p<0.05, * p<0.1.

53


https://www.bls.gov/cex/pumd-getting-started-guide.htm#section3
https://www.bls.gov/cex/pumd-getting-started-guide.htm#section3

A.7 Status Quo Income Marginal Tax Rates

0.6 US Marginal Tax Rates: Computed vs IRS Schedule
- T T T T

Derivative-implied status quo MTR
— — |IRS 2024 schedule

Marginal Tax Rate

0 1 I I I I
50 100 150 200 250 300

Income (USD 1000s)

Figure A.4. Status quo income marginal tax rates across the income distribution

Note: This figure shows the status quo income marginal tax rates across the household income distribution.
The blue curve is obtained from a Poisson regression of after-tax income on a quadratic in log (centered)
before-tax income and year fixed effects, using CEX data for 2018 to 2024, converted to 2024 USD, and CEX
household weights. The sample is restricted to households whose reference person is aged 25-54, with
positive total expenditures and after-tax income, and non-missing tax information. The marginal tax rate is
computed as 1 minus the derivative of the fitted relationship. The dashed orange line shows the 2024 IRS
statutory tax rate schedule (adjusted to account for the share of married couples) for illustrative comparison.
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A.8 Adjusting for Savings

Our model is static, and thus abstracts away from savings. However, households do save a
fraction of their disposable incomes, and may have positive (and potentially heterogeneous)
marginal propensities to save. We therefore use a savings-adjusted approach. First, when
constructing the cross-sectional profile #'(z) with the CEX data, we can use shares (as in
Figure A.1) rather than levels at each income percentile, and multiply these shares by the
level of after-tax income. This results in a “savings-adjusted” level of consumption of
the dirty good. Formally, we can write & = (z/E) x I = s, x I, where x is observed
consumption on the dirty good, E total consumption, s, the share spent on dirty good
consumption, and I = z — T'(z) disposable income. This adjustment allocates disposable
income across goods in proportion to current expenditure shares. Using the CEX household
data, we construct 7 for each respondent and estimate its cross-sectional slope in the same
way as for the unadjusted consumption schedule.

Second, we calculate the causal effect of income on this savings-adjusted level of

/

consumption Z; .

(z), which can be obtained using equation 55 applied to 7 together with

the product rule:
dz

!
(-1 D

= (1-T{(2))[s: +

Fine(2)

I  dx dE (57)

E (E — Sz I )} 3

where the marginal propensities to consume for the dirty good composite dz/dI and total
expenditures dF'/dI are elicited directly in our custom survey. We match each respondent’s
taxable income to smoothed CEX expenditure shares and to the ratio of CEX disposable
income and total expenditure. This uses the status quo variables at each income level

while retaining variation in respondents’ marginal consumption choices.?

26The savings adjustment can produce very slightly negative #/ . even when the reported marginal
propensities to consume are nonnegative. As a result, for the preferred Poisson specification, we set negative
adjusted responses to zero, while the OLS specification retains them (see Figure A.5 which shows how the
level is virtually unaffected by this adjustment). Matching CEX quantities by income also abstracts away
from within-income covariance between status quo expenditures and marginal consumption responses.
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Figure A.5. Savings-Adjusted Decomposition of the Cross-Sectional Profile — Aggregate Dirty Good

Note: This figure shows how we decompose the cross-sectional relationship between income and savings-
adjusted consumption, & = (x/E) x I, for the aggregate dirty good (gasoline, electricity, natural gas, and
heating fuels). The black line shows the cross-sectional slope estimated from the CEX data. The blue
lines show the causal income response in equation 57, using survey marginal propensities to consume and
CEX status quo expenditures and shares, matched on taxable income. The orange lines show the residual
heterogeneity component.
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Figure A.6. Savings-Adjusted Dirty-Good Marginal Tax Rates: Unidimensional vs. Multidimensional
Heterogeneity

Note: This figure plots the Pareto-efficient nonlinear and linear carbon taxes in the unidimensional case, and
the optimal linear tax allowing for multidimensional heterogeneity, using the savings adjustments described
in Appendix A.8 when the elasticity of taxable income is ¢, = 0.33, and the elasticity of consumption of the

carbon-intensive good ¢, = 0.5.
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Table A.7. Baseline and Savings-Adjusted Dirty-Good Tax Rates

Nonlinear, unidimensional

Linear

(€2,€4)2) Construction $50k  $150k $300k Unidim. Multidim.
(0.33,0.25) Baseline 4259 41.80 44.69 42.86 43.47
Savings-adjusted  43.38 43.14 44.06 44.19 44.56
Difference (pp) +0.80 +1.34 -0.63 +1.32 +1.09
(0.33,0.50) Baseline 4581 45.41 46.93 45.97 46.14
Savings-adjusted 46.22 46.11 46.60 46.66 46.76
Difference (pp)  +0.40 +0.69 -0.33 +0.69 +0.62
(0.33,0.75) Baseline 46.93 46.67 47.69 47.04 47.12
Savings-adjusted = 47.20 47.13 47.46 47.50 47.55
Difference (pp) +0.27 +0.47 -0.23 +0.46 +0.43
(0.70,0.25) Baseline 35.98 34.36 39.92 36.42 38.61
Savings-adjusted  37.60 36.97 38.71 39.02 40.42
Difference (pp) +1.62  +2.62 -1.21 +2.60 +1.80
(0.70,0.50) Baseline 4221 4137 44.42 42.49 43.17
Savings-adjusted  43.05 42.78 43.76 43.89 44.31
Difference (pp) +0.84 +1.41 -0.67 +1.40 +1.14
(0.70,0.75) Baseline 4445 43.89 45.99 44.66 44.99
Savings-adjusted  45.02 44.86 45.53 45.62 45.82
Difference (pp) +0.57 +0.97 -0.46 +0.96 +0.83

Note: This table shows a comparison of optimal tax rates for the aggregate dirty good under the baseline and
savings-adjusted approaches to constructing ;.. Tax rates are in percent, while differences are computed as
the savings-adjusted tax rates minus baseline tax rates, in percentage points. Nonlinear rates are evaluated
at the three levels of household taxable incomes (2024 USD). The bold rows highlight the values for our

preferred elasticity scenario, namely e, = 0.33 and ¢,

Pigouvian level, is assumed to be equal to 49%.
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A.9 Pareto-Efficient Marginal Tax Schedules — Gasoline Only
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Figure A.7. Gasoline: Decomposition of the cross-sectional profile 2/(z)

Note: This figure shows how we decompose the cross-sectional relationship between income and gasoline

consumption. The solid black line is a smoothed estimate of the cross-sectional slope, #/(z), at each level of

income (from the 2018-2024 CEX surveys). The blue lines show estimates of the causal effect of income on

expenditure on gasoline (from our custom hypothetical survey). The orange lines subtract the income effect

from the cross-section to obtain the part of the relationship between = and z that comes from preference

heterogeneity.
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Figure A.8. Gasoline Marginal Tax Rates: Unidimensional vs. Multidimensional Heterogeneity

Note: This figure plots the Pareto-efficient carbon tax for gasoline only in the unidimensional case (Linear

and Nonlinear) vs. the optimal linear tax rate when accounting for multidimensional heterogeneity when

the elasticity of taxable income is €, = 0.33, and the elasticity of consumption of the carbon-intensive good

=0.5.

€x|z
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A.10 Pareto-Efficient Marginal Tax Schedules — Electricity, Natural Gas,
and Heating Fuels Only
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Figure A.9. Electricity, Natural Gas, and Heating Fuels: Decomposition of the cross-sectional profile £/(z)

Note: This figure shows how we decompose the cross-sectional relationship between income and con-
sumption of electricity, natural gas, and heating fuels. The solid black line is a smoothed estimate of the
cross-sectional slope, #/(z), at each level of income (from the 2018-2024 CEX surveys). The blue lines show
estimates of the causal effect of income on expenditure on the same goods (from our custom hypothetical
survey). The orange lines subtract the income effect from the cross-section to obtain the part of the relation-

ship between z and z that comes from preference heterogeneity.
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Figure A.10. Electricity, Natural Gas, and Heating Fuels Marginal Tax Rates: Unidimensional vs. Multidimen-
sional Heterogeneity

o
w

Note: This figure plots the Pareto-efficient carbon tax for electricity, natural gas, and heating fuels consump-
tion only in the unidimensional case (Linear and Nonlinear) vs. the optimal linear tax rate when accounting
for multidimensional heterogeneity when the elasticity of taxable income is €, = 0.33, and the elasticity of

consumption of the carbon-intensive good ¢, = 0.5.

59



A.11 Online Survey Demographics Breakdown & Sample Definition

Ethnicity = Freq. % (C) Age  Freq. % (C)  Sex Freq. % (@)
White 1178 75.9% 739% 2529 276 17.8% 169%  Female 798 51.4% 49.7%
Black 209 135% 143%  30-34 29 19.1% 18.0%  Male 754 48.6% 50.3%
Asian 94 61% 75% 35-39 316 204% 17.3%
Mixed 47  3.0% 2.5% 40-44 215 139% 16.8%
Other 24 15% 1.7% 4549 243 157% 152%

50-54 206 13.3% 15.9%

Table A.8. Demographics Comparison: Online Survey vs. 2023 Census Population Estimates

Note: This table shows the breakdown for our custom online survey sample by ethnicity, age, and sex.
The rightmost (C) column in each subtable corresponds to the actual demographic distribution of the US
population aged 25-54 drawn from 2023 Population Estimates (as of July 1) of the United States Census
Bureau constructed with data from the 2020 Census and measures of population change. (See https:
//www.census.gov/data/tables/time-series/demo/popest/2020s-national-detail .html.)

Table A.9. Online Survey Response Quality: Sample Exclusions

N %
Total # of Respondents 2,214 100.00
Suspected Bots 18 0.81
Speedsters 421 19.02
Failed Attention Check 44 1.99
Respondents Outside the Age Range 9 0.41
Inconsistent or Outlier Income Response 49 2.21
Zero Expenditure or Inconsistent MPC 121 547
Final Sample 1,552 70.10

Note: This table reports the sequential exclusion of Prolific respondents from the combined Waves 1 and 2 of
our online survey. Exclusions are applied in the order shown, as per our pre-registration, with each category
excluding observations from the remaining sample after previous exclusions. Percentages are calculated
relative to total observations.
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B Optimal Levels of the Income and Externality Taxes

An approach very similar to the one used to derive the Pareto-efficiency conditions in the
main text can be used to characterize the optimal levels of the externality and income taxes.
The fact that a reform to either tax schedule is not by itself distribution-neutral means that
such reforms involve trade-offs between individuals, and therefore marginal social welfare

weights. We follow Diamond (1975) and Ferey et al. (2024) in defining augmented welfare

weights:
o(w) = 7(w)uc(c(w),ac(zi),z(w) [w) | [7; (o (w) - 2 ;X)] &2(;0) i
{7t + | ) - 2 dtetun | &8
where 2202 and %2l) are the effects of additional disposable income on consumption

of x and income; and ) is the multiplier on the government’s budget constraint. These
augmented weights incorporate both the direct social value of increasing the consumption
of an individual of type w, and indirect impacts on social welfare from income effects.

The resulting optimal tax conditions for the two schedules are stated in Proposition 4.
We defer the derivation of these conditions to Appendix D.

Proposition 4. The optimal tax on the externality-generating good must satisfy equation 59:

L) -2 e L 1-H.(2)
T7.ER) " Yl ke (2)

(1_g+ (Z))v (59)
and the optimal tax on income must satisfy equation 60:

T+ [T @) - 28 2. () 1 -
1

T (2) o () () (1=3+(2)),  (60)

where G (z) is the average marginal social welfare weight of agents with income above z.

Equation 59 closely resembles the standard “ABC” expression for the optimal nonlinear
income tax (Mirrlees, 1971), with dirty-good consumption as the taxed base. Because z is
strictly increasing in z, agents with incomes above z are exactly those consuming more
than 2(2): 1 — H,(z) = 1 — Hy(2(2)), h2(2) = #'(2)he(2(2)), and g4 (z) is the average
welfare weight of agents consuming more than £ (z). Substituting into equation 59 gives

Ti(#(2) - 2 ez 1 )
I+ TG0) C #6) ane) i@kt )



When the taste elasticity is positive, a higher marginal rate at £(z) is optimal if redistri-
bution away from those consuming more than #(z) is valued (g4 (z) small), demand is
inelastic (¢,,(2) small), and/or much consumption lies above i (z) relative to the base dis-
torted locally. The adjustment is scaled by xy ,(2) /2’ (2)—the share of the cross-sectional
consumption gradient attributable to preferences; a negative taste elasticity reverses each
comparative static, and a zero one restores the Pigouvian rate.

There are two key differences from the standard optimal tax condition. The first is
that there is a Pigouvian correction, which additively adjusts the marginal tax to take into
account the marginal damage on others of consuming x, D’(X ). The second is the presence
of the taste elasticity, n};?;fe (z), which captures the same intuition as above.

Equation 60 is almost identical to the usual “ABC” formula. A higher marginal tax rate
on income is optimal if redistribution is valued (§+ (z) is small), people do not respond
much to the income tax (g, (z) small), or a large amount of revenue can be raised relative
to the amount of income distorted by a local increase in the marginal tax rate (1 — H,(z)
large relative to zh,(z)). The only difference from the standard intuition is the presence of
[T (x (0 (2))) = D' (X) /A 2},.(2) on the left hand side. As before, this term captures the
intuition that marginal expenditure on the taxed good, z, is socially beneficial if the carbon
tax is set higher than the Pigouvian level, or socially costly otherwise.
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C Surplus Forgone at the Pigouvian Tax

The Pareto-efficient carbon tax in our calibration is slightly below marginal damage. We
now ask how much is gained by making this adjustment rather than simply setting the
tax at the Pigouvian level. This appendix applies a back-of-the-envelope calculation
to approximate this difference in surplus, measured in dollars per household per year,
defined as government revenue net of external damage. In the benchmark linear case, the
additional gain is approximately $1.05 per household per year.

Write d = D'(X)/ ) for marginal damage per dollar of dirty expenditure (held fixed).
Consider a small change in the linear carbon tax t,, together with an income-tax adjustment
that offsets the change in each household’s tax liability at its original choices. This is the
distribution-neutral reform of Section 2.5.

We can use equation 25 to identify the marginal effect of such a reform, evaluated at
income level z and initial tax rate ¢,, which we denote by AR(z; ¢ ). Taking its expectation
across z yields the change in surplus per household per unit increase in the carbon tax.

At t, = d, the two channels with the tax-minus-damage wedge (i.e. the compensated
dirty consumption effect AR*?, and the consumption effect induced by changes in taxable
income AR*7") are equal to zero, and thus we get

: T.(2) /
E.[AR(z;d)] = E,[AR*(%;d)] = E, | — =~ e.(2) zap,0e(2) | - (61)
1=T(2) )
This expectation is negative in our calibration. Starting at the Pigouvian tax, a marginal
reduction together with the compensating income-tax adjustment raises surplus.

Next, let G(t;) denote the additional annual surplus per household from moving from

the Pigouvian level d to a candidate tax ¢,. By definition, G(d) = 0. Summing up the

marginal surplus along the tax change gives
12
G(ts) z/ E.[AR(; )] ds. 62)
d

By construction, we can write G(¢%) as the additional surplus at the Pareto-efficient tax
level, denoted by ¢;. It measures what is forgone by choosing the Pigouvian level rather
than making the optimal adjustment accounting for taste heterogeneity.

Holding the estimated sufficient statistics and marginal income tax fixed, we can
evaluate this integral analytically using equation 25:

G(ty) = (to — d)E.[AR?(2;d)] (63)
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In our preferred baseline elasticity scenario (¢, = 0.33 and €, = 0.5), marginal damage
is 49.24 cents per dollar of dirty expenditure. The Pareto-efficient linear tax is 3.27 cents
below the Pigouvian benchmark. Evaluating the integral at this tax rate gives an additional
annual surplus of $1.05 per household, or 0.0013% of mean consumption expenditure.

The multidimensional calculation for the linear tax accounts for variation in the causal
income response among households with the same income. In equation 63, we replace the

product of the mean slopes by

E[xincmﬁet | Z] = j{nc(z)j:ﬁet(z) _W(xinc ’ Z)‘ (64)

The variance term reduces the benchmark additional gain to $0.99 per household per year.
This calculation compensates households on average at each income level, rather than
compensating every household. It does not take into account redistribution within income
groups and the income effects caused by unequal compensation (see Appendix B).

For the nonlinear tax of Proposition 1, we repeat the calculation separately at each
income level, treating 7, (#(z)) as the marginal rate to adjust at that income. We choose
each adjustment separately and then average the resulting gains across the income distri-
bution. This gives a gain of $1.22 per household per year in our preferred baseline elasticity
scenario.

The last two columns of Table C.1 apply the same calculation over a wider tax change.
We integrate the marginal surplus formula from a zero tax rate to the Pigouvian level, and
from a zero tax rate to the Pareto-efficient tax rate. For the benchmark linear tax, we obtain
surplus values of $267.36 and $268.41 per household per year. These values illustrate that
the benefit of introducing a tax at the Pigouvian level is much larger than the additional
benefit of adjusting it to account for distributional concerns. These comparisons hold the
estimated sufficient statistics fixed over a much larger tax change than for the calculation
comparing the Pigouvian level to the Pareto-efficient level. They should therefore be read
as illustrative.
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Table C.1. Approximate Annual Surplus Forgone at the Pigouvian Tax

Surplus forgone at Pigou Nustrative surplus
(per household) ($ per household)
€2 &4, Instrument Dollars % of consumption Zero to Pigou Zero to optimum
0.33 025 Linear 2.06 0.0025 118.45 120.51
Multidimensional 1.86 0.0023 131.82 133.68
Nonlinear 2.38 0.0029 118.45 120.83
0.33 0.50 Linear 1.05 0.0013 267.36 268.41
Multidimensional 0.99 0.0012 280.73 281.73
Nonlinear 1.22 0.0015 267.36 268.58
0.33 0.75 Linear 0.70 0.0009 416.27 416.97
Multidimensional 0.68 0.0008 429.64 430.32
Nonlinear 0.82 0.0010 416.27 417.09
070 025 Linear 8.92 0.0109 84.29 93.22
Multidimensional 7.33 0.0089 112.66 119.99
Nonlinear 10.22 0.0124 84.29 94.52
0.70 050 Linear 4.63 0.0056 233.21 237.83
Multidimensional 415 0.0051 261.57 265.72
Nonlinear 5.34 0.0065 233.21 238.55
0.70 0.75 Linear 3.13 0.0038 382.12 385.24
Multidimensional 2.90 0.0035 410.48 413.38
Nonlinear 3.62 0.0044 382.12 385.73

Note: All dollar amounts are per household per year and measure revenue net of external damage. We
highlight in bold our preferred baseline elasticity scenario.
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D Proofs of Theoretical Results

Proof of Proposition 1. Consider the effects of an infinitesimal reform to the baseline tax
schedules T (-) and 7; (+), as described in Section 2.4.

Behavioral Responses

Section 2.6 introduces notation for the various behavioral responses, but we define them

more formally here. First, the compensated net-of-tax rate elasticity of taxable income is:

z
T (z(w) 2 (w) Ok |,—r. (a(w)) 4 (0 (w)) =7 (w(w)) =0 (©)
In words, this is the response of taxable income to a change to the marginal income
tax rate without any change in the overall tax burden or the marginal tax rate on the
externality-generating good.
Second, holding z constant, the compensated net-of-tax rate elasticity of spending on
the externality-generating good is:

14T (x(w)) Oz (w2 (w))

Eafz (W) = 7l (z(w)) z (w) Ok

(66)
z2(w), k=72 (2(w))+70 (z(w)) =7z (2(w)) =0

Our assumptions ensure that all of these responses are smooth.

A Reform To Test Pareto Efficiency

To characterize the set of Pareto-efficient tax systems, consider a distribution-neutral tax
reform as presented in Section 2.5. The income tax is changed in a way that precisely
offsets the impact of the change to the tax on the dirty good.

7. (2) = —72 (2(2)). (67)
This implies marginal income tax rate changes of
T (2) = =2 (2) 7o (2 (2)) . (68)

Welfare Effects of a Tax Reform
This distribution-neutral reform has no mechanical effect on the utility level of any agent

at any level of income. We argued in Section 2.8 that this leaves us with three effects that
are local to the level of income at which agents face a change in their marginal tax rate,
namely the following three components multiplied by 7 (2(z)):

AR (2) = T2 s (2
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AR 7 (z) = (7;/(35(2)) - D/()\X)) Tine(2) 2827{,2()2) Thet(2)

where ) is the multiplier on the planner’s budget constraint, and D’ (X)) /) is the marginal
externality cost associated with consumption of z.
Integrating over all types in the economy, the social welfare impact is:

oL

Ok | / (AR?(2) + AR (2) + AR (2)) 73 (2 (2)) bz (2) dz, (69)

where h (z2) is the distribution of taxable income.

A Necessary Condition for Optimality

If the tax system is set optimally, it must be the case that any such infinitesimal tax reform

has no first-order effect on welfare. That is to say, for any 7, (-) we must have o ‘

27

By the fundamental lemma of the calculus of variations,” we obtain equation 29, Wh1ch

we restate here for convenience

Ta(

~
—
~—

L—
~
~—
—

N

~—
~—

P afe(2)

(2) -2 e (e [FG

GE) B )

z
1+

' o a D'(X) _  RR(z )T’( )
where: TN
— . Taste p Ez (z) L+ 7;: (17 (z))
RRE) =) o 1=

Pareto Inefficiency

Because this reform holds each agent’s total tax liability constant, it has no first-order
impact on agents’ private utility. Rather, if equation 25 is not equal to zero, the planner
can raise revenue by moving in one direction or the other (x > 0 or x < 0) with no impact
on individual utility. The resulting surplus in government revenue can then be used to

provide a lump sum transfer, leading to a Pareto improvement. O

?71f for all continuous functions p : R — R we have [ f(z)p(z)dz = 0, and if f is continuous, then

z
f(z) = 0forall z. Letting f (2) = (AR?(2) + AR®?(2) + AR*7%(2))h, (2) and p (2) = 7.(#(2)), equation
29 follows immediately.
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Proof of Proposition 4. Consider the effects of a more general infinitesimal reform to the
baseline tax schedules 7 () and 7 (-), as described in Section 2.4. We start by introduc-
ing some additional notation, as well as characterizing the expanded set of behavioral

responses to the reform, which our assumptions again ensure are smooth.

Behavioral Responses

In addition to the behavioral responses defined in our proof of Proposition 1, we will need
notation for several additional responses. First, the income effects on taxable income and
consumption of x are as follows:

a%(w) ax(wa;z(w))
_ 7 Ie=ri(z(w) =g (2(w))=0 _ " 2(w) k=72 (2(w)) =7z (2(w)) =0
n.(w) = 7 (z (W) + 72 (z (w)) nm|2(w) - 7. (2 (w)) + 7 (z (w))

dz (w)

_ ( o
a | T T TGy T EM@)m e (w) (70)
e () [ (= () 72 (& (32))]
dz (w;z (w))| e (w)z(w) ,
T an ey TG @) T (@) [ G ) e )] )
dz (w)

e (o)

k=0

where ¢, (w) and ¢,, are as defined above, and:

_ 1 0z (w)
X (w) = 7 (x(w)) ok

=7z (2(w))+7z (2 (w)) =7z (2(w))=0

is the cross-base response of taxable income to the commodity tax rate.

Inserting equation 70 into equation 71, we get:

dz (w; z (w))
dk

—0 - {_ 151»27(;”();((;0)) + i (2(w))x (2 (w)) | 7 (@ (w))

)
o)) ;) (: (0)

= [1)z (W) + @i (2(w))nz (w)] [72 (2 (w)) + 72 (2 (w))] -

By Slutsky symmetry, we have the following expression for the partial effect of taxable
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income on the choice of the externality-generating good:

Put another way, we can write the cross-base response in terms of this partial effect:

_ z2w)e(w)
X (w) = _mxmc('z(w))‘

Thus, the income response (equation 70) can be rewritten as

dz (w)
dr

—_MT/,Z@U _MJ;{ (w7 (2 (w
/4:0— 1—7;/(2(10)) z( ( )) 1—7;’(2(@0)) 1nc(( )):v( ( )) (72)

=1z (w) [ (2 (W) + 7 (z (w))],

and the response of x (equation 71) can be written as:

dz (w; z (w))
dk

= |k (w)a (w2 (w)) z (z(w —_— z(w
/4:0_ { 1+7;’($(w)) +( 1nc( ( ))) 1—7;/(2’(11})) :c( ( ))

(73)

— x{nc(z(w))% (2(w))
)

- [7733|z( ) +$1nc(z(w )nz( )] [ (Z(w)) +7—I(x(w))] .

Welfare Effects of a Tax Reform
For any given pair of continuously differentiable reform functions 7, and 7, an infinitesi-

mal reform away from 7, and 7, has the following effect on social welfare:

1 oW OR
B m e (74)
(1—g( (2 (w)) + 7 (2 (w))] f (w) dw (A)
T (x 7 (@ (w)) = 25| o (2(w)) ,
( 1_7-2,(Z( ) - (w) 2 () 7L (= (w)) f (w) dw  (B)
T (2 () + [T @ () = 280 ol o)
{ ( 1= 77 (z (w)) ) Tine(2(w))ez (w) 2 (w) . ..



-t xl T (2 (w)>)\ X (w)z (w)} 7 (2 (w)) f (w) dw ©

where ) is the multiplier on the planner’s budget constraint, and D’ (X)) /A is the marginal
externality cost associated with consumption of z.

The first line (A) captures the social welfare benefit of any redistribution from the reform.
This includes differences in income effects and externality impacts, by the definition of
g(w). The second line (B) captures the fiscal externality via the income tax. The third line

(C) captures the fiscal externality via the tax on z.

Optimality Condition for T,

If the tax system is set optimally, it must be the case that any such infinitesimal tax reform

has no first-order effect on welfare. That is to say, for any (7 (-), 7 ()) we must have
% OW/0K|,,_o+ OR/0k|,_, = 0. To characterize the optimal income tax, we can therefore
consider a reform only to the income tax by supposing that 7, (x) = 0 for all z, and then
set equation 74 equal to zero.

With a change in variables, we can write the resulting optimality condition in terms of
the income distribution. For all 7,(+):

[ (=g (@) () he (2) A

T2 () + [T (@ (0 (2)) = 282 ale ()
_/ 1—7/(z)

By the fundamental lemma of the calculus of variations as we did for Proposition 1,
we can then also write the following condition characterizing optimal marginal rates on

income in terms of the distribution of income along with various other sufficient statistics:*®

T () + [T (0(2)) = ] aee) 2 (1= g (@ (5))) hs (5) ds
172 (2) T e (@(2) 2k (2)

(76)

ZHere we use a slightly different variant of the fundamental lemma of the calculus of variations, which
states that, for all continuously differentiable functions 4 : Ry — R we have

/OO f(x)h(z)dz + /Oo g(z)h (x)dr = 0, (75)
0 0

and if f and g are continuous, then ¢'(z) = f(z) Vo > 0, g is continuously differentiable, and
limg o0 g(2) = lim; 0 g(x) = 0. Our application of it here follows Jacquet and Lehmann (2021).
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Defining the average welfare weight for agents with income greater than z as:

- SO e

(77)

we obtain the optimality condition stated in Proposition 4.

Optimality Condition for T},
Next, to characterize the optimal tax on the externality-generating good, we consider a

reform only to the tax on z by supposing that 7, (z) = 0 for all z, and set equation 74 to
zero. Letting H,(z) be the distribution of z, with density h,(x), we can write the resulting
optimality condition in terms of the distribution of consumption of z. For all 7,(-):

() — 2UX)
/(1 = 9(@(2))) 72 () b (2) dx_/ 7;1(+)T/ @)

. (z’(z(m)) + [Ti(e) - 2] w§m<z<x>>) .

where @ (x) and Z () are the values of w and z which correspond to each value of .
Similar to the case of the income tax, the fundamental lemma of the calculus of varia-

tions then lets us write:

77 (o) — 2
1+ 7/ (z)

Eafz (@ (2)) why (2) (78)

We can then write equation 78 in terms of the distribution of taxable income. Because
both z:(w) and z(w) are strictly increasing in w (consistent with our empirical estimates),
the mapping from incomes to consumption preserves orientation, and therefore we can

write:

= [#hne(2) + 2het(2)] b (2 (0 (2) 5 2)) -

/

inc (Z) + ‘rilet (Z), and inserting

Using this result, multiplying both sides of equation 78 by =
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the optimality condition for the income tax (equation 76) we can rewrite equation 78 as:

/(3 (2)) = P50 *

; é?mz(w(Z))i‘(Z)hz(Z)+~’U§nc(2)/ (1—g(d(s)))h=(s)ds

z

oo

= (the(2) +thee(2)) [ (1= (0 (s)) bz (5) s,

z

which further simplifies to

T (3 (=) - ”’&X):x, [ (=g (@ (s)) b (5) ds
I+ 7] fe @ () ()R ()

(79)

Using the definitions of 7% (z) and 74 (), we obtain the optimality condition stated in
the proposition. O

Proof of Proposition 2. The proof here proceeds in a very similar manner to the fully nonlin-
ear case. Each agent now maximizes her utility subject to her slightly modified budget
constraint, producing indirect utility v(w).

v(w) = maxu(c,z,z | w) (80)
2,%,C

st. ctaz+tye=z—T,(z)

Here, ¢, is a linear tax on z.
A welfarist social planner chooses ¢, and a twice-differentiable 7, to maximize social

welfare while raising enough revenue to cover an exogenous revenue requirement, R.

max W = /'y w)v(w)dF —D(X) (81)

st. R= [ (Tu(2(w)) + tez) dF(w) = R (82)

and X = /

Mathematically, everything remains identical to the proof of Proposition 1 up until the

expression for the general impact on welfare of a tax reform (equation 74).
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Imposing that the initial tax on z is linear yields equation 83.

1 ow OR
X % k=0 E k=0 (83)
N / (1 =g (w))[7: (2 (w)) + 7z (z (w))] f (w) dw (A)

() + o= 2 al (s(w))
- ( 1—T7 (2 (w)) Tine (2(w))ez (W) 2 (w)
ta — D/&X) !
Ty, ek e (W)} 7 (¢ (w)) f (w) dw ©

From here, we proceed similarly to the proof of Proposition 1.
However, the reform we consider must now be linear as well. Specifically, consider a
joint reform where: 7, (z (¥ (2) ;2)) = p x #(2) for some constant p; and 7, (2) = —p X £(z).

For such a reform, we have 7/, (z (@ (2) ;2)) = p and:

7, (2) = =p [Tinc(2) + 7he(2)] - (84)

Combining that with equation 83, the impact on welfare is proportional to:

T2 (= () + [t = P59 e (2(w) , ,
/ ( 1— 7‘2/ (Z (w)) €z (w) “ (w) [xinc(z(w)) + xhet(z(w))]f (w) dw

2 ) + [t = P (cw)))
/{< =TI (= (w)) e () (w) 2 (w) -

D'(X)

tl‘_

4 ﬁgﬂz (w) (w)} [ (w) dw. (85)

In this case, this simplifies to:

l/(ﬁ@&MH[QWSW%MWWD
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, D)
- {H——t)\gxlz (w)x (w)} [ (w) dw. (86)

To obtain the equation in the proposition, simply set this to zero to yield an optimality
condition. Then replace the integrals with expectations over the income distribution, and
impose the definition of RR(z).

By the same logic as before, there is no mechanical redistribution from this reform. It
only impacts social welfare by changing government revenue or the externality. Thus, if

this reform has a positive impact on social welfare, it is a Pareto improvement. O

Proof of Proposition 3. Setup and Behavioral Responses

Consider a population of agents indexed by type vectors (w, ) where w € W C R4+
captures productivity and § € © captures other preference heterogeneity. Each agent

solves:

max u(c, z, z;w,0)
Z,T,C

st. c+a+T(z) =2-"T.(2)
Define indirect utility v(w, #) and choices z(w, #), x(w, #). The first-order conditions yield:

1+ 7, (x) = MRS, (c,z, z;w, 0),
1—T)(z) = MRS, (c, z, z;w, ).

For a reform parameterized by x with T, (z; k) = T.(2) + 72(2) and Ty (z; k) = Tz(z) +
kT (), implicit differentiation of the first-order conditions yields the total behavioral
responses. Decomposing into substitution and income effects:

dz(w70) _ 82(10,9)2(10,9)7';(2(’(1],9)) /
d/‘i 0 - 1 —7;/(2(10,9)) +X(w79)7-$($(w79))

_nz(w79)[72(z(w76)) +Tx(x(w7‘9))]7 (87)

where ¢, (w, 6) is the compensated elasticity of taxable income, x(w, ) is the cross-base
response, and 7, (w, ) is the income effect.

Slutsky Symmetry

By the symmetry of the Slutsky matrix, the cross-price effect of the commodity tax on labor
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supply equals the cross-price effect of the wage on commodity demand. This yields:

z2(w,0)ex(w,0) Ox(w,0; 2(w,0))
1—T(z(w,8)) 0z .

x(w,0) = (88)

Substituting (88) into (87) and similarly deriving dx/dk:

dz(w,0) B €m|z(w,9)$(w,6)/
In oo~ T 7w B)) =)
(w0, 0) [ (2) + ()] + g—‘” g—i R

It is convenient to separate each response into a compensated component and an

income-effect component. Let

dz“(w, ) o e(w, 0)z(w, 0)7L(2(w, 0)) /
Cdn n:o: N 1—=T(z(w,0)) + x(w,0)7; (z(w,0)),
dz(w, ) o gg(w,0)z(w,0) Or dst
Tdn ey 1+ R o) T |
so that

dz dz°

% k=0 B E k=0 N nZ(w’ 9)[TZ(Z) + Tm(ﬁ)],

dz dx* oz

% k=0 T dk 0 - |:77:rz(w7 9) + %UZ(W, 9)} [TZ(Z) —+ ng(l‘)]

Welfare Effects of a Reform
Social welfare is W = [ [;;;7(w,0)v(w,0) fu(w]0)dw pu(df) — D(X). By the envelope

theorem:

dv(w, 0)
dr

T — 5 (72(2(w, 0)) + Ta(z(w, 6))],

where % denotes the household’s marginal utility of disposable income, evaluated at
her optimal bundle. Total revenue is R = [g [;[7%(2; &) 4 To(2; £)] fuw (w]6) dw 1(d). The
Lagrangian £ = W/ + R responds to the reform as follows. Collecting the income-effect
components of these responses with the mechanical term converts the welfare weight

W% into the augmented social marginal welfare weight g(w, #) defined below, so that
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the remaining behavioral terms involve only the compensated responses:

dﬁ

//1—1MWWU+mUMMW()

7

Mechanical effec?get of welfare loss
o\ dz©
+ 7;(2’) fwdw,u(de)
eJwW dr k=0

g
Behavioral effect on income tax revenue

oS

dk
Behavioral effect on commodity tax revenue

Jwdw u(d@) )
k=0 ,,

where the social marginal utility of income is:

ot.0) = LD 72y w.0) + [ 0) - 2 [atwn0) + o fun0)

Change of Variables to (z, z)

Assume that, conditional on 6, z(w, 6) is continuous and monotonic in w. This ensures
a continuous marginal distribution of z with density h.(z). However, the conditional
distribution of x given z may have mass points, so we work with the CDF H,(z|z) =
P(z(w,0) < | 2(w,f) = z) and corresponding measure v (Alz) = [ _, dH.(x|z).

Define ((z,z) = E[l(w,0) | 2(w,0) = z,z(w,0) = z] for £ € {g,¢.,,).}. The welfare
effect becomes:

%
dr k=0

:/]R++ /]R++(1_g(2,l'))[7'z(2)+Tx(:€)]de(x‘z) ho(2)dz

2)é,(z,x ’x_ﬂ AP
Aﬁéﬁ )+ [T@) — 20 Bl 2 o o

1-T!(z)
T2 (2)Eltjnees 2 2] + | T2 () - 20 El(2)0) ez, 0]
/IR++ /]R++ 1—T/(2) :
/() — 2K Exlz(2, )T
N [7;( ) 1+,\7;(x) (2,2) }T;(x)de(ajz) h.(z)dz.

Vertically Neutral Reform

Consider a linear tax reform 7,,(z) = x with compensating income tax changes 7,(z) =

—E[rz(z(w,0)) | 2(w,0) = z] = —Z(z), which holds average tax payments constant at
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each income level. This yields 7.(z) = —7/(z).

Preference Heterogeneity Sufficient Statistic

Define the preference heterogeneity sufficient statistic:

Thet(2:0) = 7' (2) — 250 (250).

inc

This is the residual of the cross-sectional relationship between x and z after removing the

causal income effect for type 6 agents.

Optimal Tax Condition

For a linear tax 7;(z) = t,z, substituting the vertically neutral reform into the welfare

dc

effect and setting 7= |, _,

= 0 yields:

0= _/IR++ Clg(2;0),2(z,0)|z]h.(2) dz
(=)

+ R, 1 : /(Z)]E[xget(z;6)52(2;9)’2]2h2(z)dz
+ [tm — D'()\X)} /]R++ 1_—71;/(2)115[%19,((2;G)xinc(z;9)52(3;0)‘3]th(2) d>
-2
E[2(2,0)e,.(2;0)].

1+,

Under the assumption that E[C(g(w, §), z(w,0)|z)] = 0, the optimal tax satisfies equation

(46):
| D(X)_ E.[RR(:
v A 1-E,y

where RR(z;0) = 7% () (207 o) ().

]

Proof of Corollary 1. Suppose ¢,(z;0) = £.(z) for all § at each z. Then the covariance terms

in the numerator and denominator of the general optimal tax condition simplify.

/

For the numerator, Cle.(2;6), z},.(2;0)|z] = 0 by assumption, leaving only the average

/.

. . / Y .
terms. For the denominator, using xy,,, = ' — ¥},

]E[xiletmgncgzk] = &x(% ]E[(f

Z) o xinc(z; 0))xinc(2; 9) ’Z]
inc(2) = E[(2ine)?|2]]
z fgnc(z) - (j{nc(z))2 o W[x{m!z]]

=&,z fﬁet(z)jinc(z) - 5Z(Z)W[x{nc|z]'



Substituting into the general formula and collecting terms yields equation (49):

D'(X) :[RR(2) T2 ()]
AT 1-E.RR(2)Z.(2)] + E-[RR(2)V (2! (2:0)]2)]

inc inc

where:

_ _Taste P 52(2)‘%('2) 1+tz
RR(:) = a2 C) B (s 00 B 1= T2 (=)

. B 52(2)2 1+ta:
KR = B, 0G0 T -T2

The variance term V([z{_|z] appears in the denominator with a positive sign, which
attenuates any deviation from Pigouvian taxation. Only when V[z! |z] = 0 for all z does

the formula reduce to the unidimensional case. O]
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E Survey Questionnaire Appendix

E.1 Survey Link and Metadata

Survey link: https://umich.qualtrics.com/jfe/form/SV_egEUDcSVAWIjkTY
Survey flow: Landing Screen; Actual Expenditure Block; Attention Check; Causal Response
Elicitation; Demographics; Commute Block.

The questionnaire below reproduces the respondent-facing text, answer options, and
relevant display logic. Administrative Qualtrics timing fields and embedded Prolific/session
fields are omitted; graphic-only display elements are noted where they appear.

E.2 Prolific-Provided Respondent Demographics

Respondents were recruited through Prolific, and the survey records were linked to Prolific profile
data using the Prolific participant IDs.

Age: integer age in years.

Sex: Female; Male.

Ethnicity: Asian; Black; Mixed; Other; White.

Country of birth, country of residence, and nationality: country fields from the respondent’s
Prolific profile.

— Language: respondent language recorded by Prolific.

Student status: Yes; No.

— Employment status: Full-Time; Part-Time; Unemployed (and job seeking); Not in paid work
(e.g. homemaker, retired or disabled); Due to start a new job within the next month.

E.3 Survey Questions
Landing Screen

1. Welcome

Thank you for your interest in taking this survey. Your participation is valuable for our research,
which will help understand how people make spending decisions.

Before proceeding, please review our Participant Information Sheet.
By moving forward, you confirm that:
1. You have read and understood the Participant Information Sheet
2. You voluntarily agree to participate in this research

3. You understand you can withdraw at any time

Click — to begin the survey.
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Actual Expenditure Block

1. Please indicate your total annual household income before taxes paid to the government,
transfers received from the government, and deductions in the current fiscal year (2024). Please
include income from wages, salaries, self-employment, investments, social security, retirement
accounts, and any other sources.

If you are not sure, it is okay to provide your best estimate. However, an accurate estimate of your annual
before-tax income would be very valuable for our research.

Response format: Open numeric entry, whole dollars, minimum 0. The live page displays implied
household monthly before-tax income from the annual entry.

2. Please indicate your total annual household income after taxes paid to the government, transfers
received from the government, and deductions in the current fiscal year (2024). You can think of
this as your “take-home” income.

If you are not sure, it is okay to provide your best estimate. To reiterate, please enter your annual after-tax
income, but note that your corresponding monthly household “take-home” income will automatically be
displayed below.

Response format: Open numeric entry, whole dollars, minimum 0. The live page displays implied
household monthly after-tax income from the annual entry.

Display element: The survey displays a graphic-only expenses icon before the next item.
3. In the rest of the survey, we will ask you about your consumption across different expenditure
categories such as food, housing expenditures, or utilities. But for now, we want to know

whether you are paying attention, so please select “Healthcare (health insurance, medical
services, drugs, and medical supplies).”

Response options:

Food (both at and away from home) and beverages (including alcoholic beverages)

Water, sewage, and other public services (e.g. trash and garbage collection)

Gasoline, diesel and/or other motor fuels

Housing expenditure excluding utilities (includes rent, owned dwelling expenditures, mort-
gage payments, home insurance, furnishing and appliances, and domestic services)

— Healthcare (health insurance, medical services, drugs, and medical supplies)

— Electricity, natural gas (for heating and cooking), fuel oil and other home heating fuels

4. How much of your household’s [monthly after-tax income amount] monthly after-tax income
did you spend (as opposed to save) on each of the following expenditure categories, on average
over the last 3 months?

These categories, including savings, are exhaustive, and the total amount (at the bottom) will automatically
sum up to your household'’s total monthly after-tax income. Your household’s average monthly savings
will automatically be calculated and displayed below.
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Response format: Constant-sum dollar entries by category. Savings and total are displayed and calculated

on screen. The live page displays household average monthly savings and uses a “Validate and Continue’
button.

Note: The QSF/PDF placeholder is “MonthExp”; the live survey replaces it with the monthly dollar
amount implied by the respondent’s annual after-tax income.

— Food (both at and away from home) and beverages (including alcoholic beverages):

— Housing expenditure excluding utilities (includes rent, owned dwelling expenditures, mort-
gage payments, home insurance, furnishing and appliances, and domestic services):

Electricity, natural gas (for heating and cooking), fuel oil and other home heating fuels:

Water, sewage, and other public services (e.g. trash and garbage collection):

Healthcare (health insurance, medical services, drugs, and medical supplies):

Gasoline, diesel and/or other motor fuels:

Flights / Airfare expenditures:

All other categories (telecommunications services, entertainment, other types of transporta-
tion, clothing, personal insurance and pensions, and education expenditures):

Savings:

Total:

Attention Check

Display element: The survey displays the permanent-income-increase graphic before the questions in this
block. The same graphic appears again before the causal response elicitation question; Figure E.1 shows that
screen.

1. Earlier you told us your after-tax household income last year was [annual after-tax income].

Now imagine that you or someone in your household receives an unexpected, permanent pay
raise (or a similar windfall such as a new government benefit, or a tax credit) that boosts your
after-tax income by exactly $1,000 forever.

— Starting now your after-tax income becomes [annual after-tax income] + $1,000

— Every future year it will be $1,000 higher than whatever amount you would otherwise have
expected.

In this scenario, will your household income be higher three years from now than what you
originally expected?

Note: The QSF/PDF placeholder is “AnnAfterTaxInc”; the live survey replaces it with the respondent’s
annual after-tax income.

Response options:

- Yes
- No
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2. By how much has your household income increased in this scenario, compared to what you
originally expected?

Response options:

— $500 of total lifetime income
— $1,000 of total lifetime income
— $500 each year

— $1,000 each year

Causal Response Elicitation

Display element: The survey displays the permanent-income-increase graphic immediately above the follow-

ing question.

1. Imagine once again that your after-tax household’s income is $1,000 higher each year than
what you originally expected, forever. On average, how much of this extra $1,000 would your
household spend (rather than save) on the following categories, each year?

For each category, indicate a number corresponding to the additional dollar amount spent on each category.
These categories, including savings, are exhaustive, and the total amount (at the bottom) will automatically
sum up to $1,000. The amount saved each year will automatically be calculated and displayed below.

Response format: Constant-sum dollar entries by category. Savings and total are displayed and calculated
on screen, with the total summing to $1,000. The live page displays the additional amount saved each
year and uses a “Validate and Continue” button.

— Food (both at and away from home) and beverages (including alcoholic beverages):

— Housing expenditure excluding utilities (includes rent, owned dwelling expenditures, mort-
gage payments, home insurance, furnishing and appliances, and domestic services):

— Electricity, natural gas (for heating and cooking), fuel oil and other home heating fuels:
— Water, sewage, and other public services (e.g. trash and garbage collection):

— Healthcare (health insurance, medical services, drugs, and medical supplies): _

— Gasoline, diesel and/or other motor fuels:

— Flights / Airfare expenditures:

— All other categories (telecommunications services, entertainment, other types of transporta-
tion, clothing, personal insurance and pensions, and education expenditures):

- Savings:
— Total:
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With Permanent Increase

Imagine once again that your after-tax household’s income is $1,000 higher each year than

what you originally expected, forever. On average, how much of this extra $1,000 would
your household spend (rather than save) on the following categories, each year?

For each category, indicate a number corresponding to the additional dollar amount spent on each category.

These categories, including savings, are exhaustive, and the fofal amount (at the boffom) will automatically

sum up to $1,000. The amount saved each year will automatically be calculated and displayed below.

Food (both at and away from home) and beverages (including alcoholic beverages)

Housing expenditure excluding utilities (includes rent, owned dwelling expenditures, mortgage
payments, home insurance, furnishing and appliances, and domestic services)

Electricity, natural gas (for heating and cooking), fuel oil and other home heating fuels
Water, sewage, and other public services (e.g. trash and garbage collection)
Healthcare (health insurance, medical services, drugs, and medical supplies)
Gasoline, diesel and/or other motor fuels

Flights / Airfare expenditures

All other categories (telecommunications services, entertainment, other types of transportation,
clothing, personal insurance and pensions, and education expenditures)

afslelelelebis

1000

Savings L0

Total

Additional amount saved each year: $1,000

Figure E.1. Permanent-income-increase graphic and survey screen for the causal consumption response

elicitation block
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Demographics

1. How would you describe the area where you live?
Response options:
— Urban (e.g., city or a large town)
— Suburban (e.g., a residential area near a city)

— Rural (e.g., a countryside, a small town, or a village)

2. In which state do you currently reside?

Response format: Dropdown menu: Alabama; Alaska; Arizona; Arkansas; California; Colorado; Connecti-
cut; Delaware; District of Columbia; Florida; Georgia; Hawaii; Idaho; Illinois; Indiana; Iowa; Kansas;
Kentucky; Louisiana; Maine; Maryland; Massachusetts; Michigan; Minnesota; Mississippi; Missouri;
Montana; Nebraska; Nevada; New Hampshire; New Jersey; New Mexico; New York; North Carolina;
North Dakota; Ohio; Oklahoma; Oregon; Pennsylvania; Rhode Island; South Carolina; South Dakota;
Tennessee; Texas; Utah; Vermont; Virginia; Washington; West Virginia; Wisconsin; Wyoming; Outside the
us

3. What is the highest level of education you have completed or the highest degree you have
received?

Response options:

— High school, high school equivalent, or lower

Some college, no degree

Associate’s degree in college (e.g., AA, AS)
Bachelor’s degree (e.g., BA, BS)
Masters (MA, MS, MEd), professional (JD, MD, DDS) or doctorate degree (PhD, EdD)

4. Please indicate your agreement with the following statement: I spend my entire income on
paper clips.

Response options:

Strongly Disagree

Disagree

Agree

Strongly Agree

5. Which category best represents your household?

Response options:

Married Couple only

Married Couple, with children

One parent, with children

Single, without children

Other (please specify)

84



6. How many children are part of your household and younger than 18 years of age?

Response format: Open numeric entry, integer from 0 to 50.

Note: Displayed if the respondent selected Married Couple, with children; One parent, with children; or
Other (please specify) in the household-type question.

7. How many of these children part of your household are 5 years or younger?

Response format: Open numeric entry, integer from 0 to 50. The live page displays a reminder that the
value should be no more than the reported number of children under 18 and enforces that cap.

Note: Displayed if the respondent selected Married Couple, with children; One parent, with children; or
Other (please specify) in the household-type question.

8. What is your spouse/partner’s age? Enter a number only, in years.

Response format: Open numeric entry, integer from 1 to 130.

Note: Displayed if the respondent selected Married Couple only; Married Couple, with children; or Other
(please specify) in the household-type question.

Commute Block

1. How far is your commute (one-way) from your home to your work location? Enter your best
estimate of the distance in miles. If you do not work, or work from home, simply enter 0.
Response format: Open numeric entry, minimum 0.

2. What is your primary mode of transportation/commuting?

Response options:
- Car

— Public transportation (bus/train)

Ride-sharing app

Bicycle
Walking
Other (please specify)

3. How easy or difficult would it be for you to switch to a more environmentally friendly mode of
transportation (one that produces less carbon emissions)?

Response options:

— Very Difficult
Difficult
Nor Easy, nor Difficult

Easy

Very Easy
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