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Abstract

Through theory and numerical simulations, | explore how a pollution tax can be designed to
accommodate ethical objections. | consider four types of objections that have been raised
by ethicists — based on equity concerns, incommensurability, civic responsibility, and
commodification. In each case | show theoretically how a tax can be designed in response,
and quantitatively, using a general equilibrium model calibrated to the U.S. economy and
carbon dioxide pollution, how these accommodations affect the magnitude of the tax and
the resulting emissions level. Some accommodations likely have small effects on the
carbon tax rate, while others can cause the tax rate to increase fivefold.
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I. Introduction

Pricing pollution via a tax or a tradable permit system is nearly universally advocated
by economists and policymakers steeped in the neoclassical economic tradition. The
justification, dating back to Pigou, is based on the efficiency of internalizing the externality
associated with pollution; without the pollution price, this externality is not reflected in
market transactions. While the intuition behind the theoretical justification is clear (albeit
subject to numerous simplifying assumptions that may complicate the justification in the
real world), the theory ignores many ethical issues that philosophers and economists have
struggled with. Many people have argued that a pollution tax, while yielding a cost-
effective and efficient abatement strategy in theory, violates ethical norms or is ethically
questionable. For example, some argue that a pollution pricing system unethically allows
polluters to avoid their civic responsibility to protect the environment simply by paying
enough money.

The literature on environmental ethics, including the ethics of environmental policy
and pollution pricing, is large, although it is unfamiliar to many environmental economists.
Several papers summarize and synthesize this literature, including Caney and Hepburn
(2011), Aldred (2012), and Mintz-Woo (2024). As described in Heutel and Kelleher (2024),
objections to pollution pricing can be related to its use in designing policy and setting
pollution goals, or they can be related to the use of pollution pricing itself as a way of
meeting a predetermined goal. At any stage of the policy design process, ethical issues
with the use of pricing pollution can arise, and these issues are mostly disregarded in

environmental economics.



The purpose of this paper is to investigate whether and how a pollution tax can be
designed to address and accommodate these ethical objections. This may appear
impossible —any objection to a pollution tax cannot be accommodated by a pollution tax.
In fact, | develop a simple stylized model of pollution taxation in which these ethical
objections can be incorporated, and | demonstrate how the design of the tax can or cannot
address each objection. | consider four types of ethical objections to pollution pricing -
based on equity, incommensurability between environmental and market goods, a civic
responsibility to protect the environment that cannot be discharged by paying a tax, and
the pollution tax's commodification of environmental amenities that ought not to be
treated as a commodity. | present theoretical expressions for a pollution tax
accommodating each ethical concern, modifying the standard Pigouvian tax equal to
marginal external damages. | also present calibrated numerical simulation results to
quantify the effects that these ethical accommodations have on the magnitude of the
pollution tax and the resulting emissions, though with the proviso that the relatively simple
modelignores many real-world complications. Though the modelis framed in terms of a
pollution tax, the findings generalize to tradable pollution permit systems and other forms
of pollution pricing.

While many previous studies have discussed ethical objections to pricing pollution,
to the best of my knowledge this is the first study to explicitly incorporate ethical objections
to pollution pricing into a neoclassical economic model of pollution taxation and the first
economic model that seriously engages with this literature in environmental ethics in this

way. Some other studies have incorporated ethical issues into economic models of



climate or environmental policy. Forinstance, Howarth (2001) presents an overlapping
generations model of climate policy that compares sustainability-based and libertarian-
based optimization criteria to an efficiency criterion, and Llavador et al. (2011) develop an
intergenerational model and optimize climate policy based on maintaining sustainability or
an exogenous sustainable growth rate. These papers seriously address alternative ethical
models of optimal policy criteria in an economic framework, but they do not attempt to
address ethical objections to pollution pricing itself, which is the focus of this study.’ While
many studies in environmental economics have considered distributional and equity
implications of pollution pricing (e.g., West and Williams 2004), which is one of the ethical
issues that | confront, the other three ethical issues have not been addressed in the
economics literature. This paperis very much in the tradition of the "optimal tax" literature
(Mirrlees 1976), and specifically the literature on optimal environmental taxes (Bovenberg
and de Mooij 1994; Parry 1995; Metcalf 2003). While many extensions to the standard
Pigouvian model of pollution pricing have been considered (e.g. other market failures like
information spillovers (Jaffe et al. 2005) or market power (Fowlie 2010)), ethical concerns
have not.

| find that a pollution tax can be modified in relatively straightforward ways to
accommodate these four sets of ethical objections. Objections based on distributional or

equity concerns can be accommodated via a tax that is sensitive to distribution, for

THowarth (2001) does report the carbon tax rates that would be required to achieve the optimum allocation
under the various ethical criteria. Usingthe terminology from Goodin (1994) and Heutel and Kelleher (2024),
these other studies focus on questions of policy choice, while this paper focuses on questions of policy
enforcement.



instance one that maximizes a weighted utilitarian objective function or a Rawlsian
maximin objective function; this result is not novel. Objections based on the
incommensurability of environmental goods with market goods can also be
accommodated, so long as the tax is designed in such a way that does notimpose a
commensurability where it is not needed (i.e. the tax can be consistent with value
pluralism). A pollution tax can accommodate civic responsibility, so long as it is designed
to satisfy a constraint ensuring that all agents' responsibilities are met. If the objection
based on commodification boils down to a practical concern with crowding out intrinsic
motivations for protecting the environment, then the tax rate can be modified accordingly.
Quantitatively, | find that some of these accommodations have only modest effects on the
maghnitude of the pollution tax, while others can have large effects. For example, under
reasonable parameter values in the social welfare function accounting for equity concerns,
the pollution tax is about 20%-25% higher than its Pigouvian level (which ignores
distributional concerns). However, under a reasonable quantification of a civic
responsibility constraint applying to all consumers, the pollution tax can be about five
times higher than its Pigouvian level (which ignores such a constraint). These results (both
theoretical and quantitative) are meant to be starting points to guide economists and
policymakers on designing pollution pricing policy with ethical concerns in mind, rather
than providing definitive answers to this complex literature.

In the following section, | briefly summarize four ethical objections to pollution

pricing that have been identified by ethicists and philosophers. Then, in section lll, |



present the framework for the basic Pigouvian model justifying pollution pricing. Section IV

provides the paper's main theoretical and simulation results.

1. Background

Several studies have considered ethical implications of pollution pricing and
identified specific ethical issues related to pollution pricing. Summaries of these ethical
issues can be found in Caney and Hepburn (2011) or in Heutel and Kelleher (2024). Here, |
will briefly summarize four categories of ethical issues — based on equity,
incommensurability, civic responsibility, and commodification - to give the reader
sufficient background to understand how | will then theoretically and numerically address
them in the following sections. Appendix section A.l presents additional details and a more

thorough literature review.

Il.a. Equity

The standard neoclassical justification for pollution pricing is based on either
efficiency or cost-effectiveness criteria (i.e., any pollution price will yield a cost-effective
allocation of pollution abatement, and a pollution price set to marginal external damages
will yield the efficient level of pollution abatement). Concerns over equity are absent. This
has led many to object to pollution pricing on ethical grounds based on distributional
issues with the tax. In fact, of all the ethical objections to a carbon cap-and-trade market
discussed by Caney and Hepburn (2011), the only one that they find justifiable is the one

based on distributional concerns. Standard neoclassical theory might respond by arguing



that the goal of a pollution tax is to target the pollution externality, and that distributional
concerns should be addressed through other measures, like lump-sum transfers
(appealing to the second fundamental theorem). This argument is unconvincing since in
fact pollution taxes ought to be evaluated on their own, and their distributional impacts

should be important considerations in their evaluation.

Il.b. Incommensurability

The justification for a pollution tax relies on comparing costs and benefits of
pollution abatement with other costs and benefits. Thatis, the benefits of reduced
pollution — cleaner air, improved health, reduced global warming — are directly compared in
magnitude to the monetary costs of reduced pollution — abatement technology costs faced
by firms, etc. The derivation of a Pigouvian tax requires that all costs and benefits are
commensurable, in the same way that the costs of various market goods are
commensurable when consumers make consumption decisions. But many philosophers
say that not all "goods" are or should be commensurable with each other. Environmental
goods like clean air or biodiversity may be incommensurable with market goods, and the
trade-offs that are inherently made in justifying pollution pricing may be morally

inappropriate (Anderson 1995).

Il.c. Civic Responsibility
Under pollution pricing, polluters can pollute as much as they want, so long as they

pay the per-unit price on pollution. This strikes some ethicists as morally problematic,



since itimplies that polluters can escape from a collective or civic responsibility simply by
paying their way out (Sandel 2012). If itis the case that there are some moral obligations
that individuals face, for example, not polluting the shared environmental excessively, then
buying one's way out of these obligations is not morally permissible, even if it may yield an

economically efficient or cost-effective outcome.

Il.d. Commodification

Placing a price on pollution strikes some philosophers as equivalent to treating
clean air or clean water as a market good. This form of commodification may be seen as
morally objectionable. Satz (2010) provides many examples of what she calls "noxious
markets," or types of goods or services that should not be provided by markets. She cites
child labor as an example. Others may argue that markets in pollution fall under that same
objection —the price that a pollution tax or cap-and-trade system places on pollution
improperly commodifies something that should not be treated as a market good. Page
(2012) makes this argument, claiming that the commodification created by these policies

can erode normative ideals of political legitimacy and procedural justice.

Ill. Framework

The modelis a very basic and standard optimal tax model in an economy with a
negative externality, providing a framework for justifying the Pigouvian claim that pollution
pricing yields an optimal outcome. The modelis derived from the model in Phaneuf and

Requate (2016, Ch. 1).



There are N consumers. Each consumer has a utility function over two
consumption goods, x and z, and the level of the pollution externality, E. Consumeri's
utility function is U;(x;, z;, E), where x; and z; are consumer i's consumption of each of the
two goods, and the pollution externality E is not indexed by i since all consumers are
exposed to the same level of it.2 The utility function allows for general elasticities of
substitution between the goods. There is a fixed supply of labor [ in the economy that is
distributed across production in the two sectors: [, + [, = [; there is no capitalin the
model and no unemployment. Good x is the "dirty" or "polluting" good since its production
involves the creation of pollution. | model this by setting pollution E as a factor of
production for the dirty good as is common in the literature. The dirty good production
function is f (L, E), so that the dirty good resource constraintis f (L, E) = ¥~ x;. The
clean good production function is a function of just the labor in the clean sector [, so the

clean good resource constraintis g(I,) = Y.V, z;.

lll.a. Social Planner's Problem

| first consider the social planner's problem, and | define the solution to this
problem as the "optimal" outcome. The social planner maximizes a social welfare function
thatis a weighted sum of each consumer i's utility level, where the weight on consumeri's
utility is y;. Thatis, the social welfare function (the planner's maximand) is

>N viUi(x;, z;, E). The social planner's problem is thus

2There is only the one, global pollutant E in the model. Co-pollutants, including local pollutants that could
yield differential exposure to different households (E;) are not modeled.
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The problem can be solved with the Lagrangian method, yielding first-order conditions
involving the endogenous choice variables and Lagrangian multipliers which define the
optimal outcome.

This approach explicitly imposes a welfarist conception of optimal policy, by using a
social welfare function based on individual utility functions. In section IV of this paper
when | modify this social welfare function to accommodate ethical objections to pollution
pricing, | will be maintaining this welfarist approach. There are many philosophical
objections to welfarism and to utilitarianism (e.g. Smart and Williams 1973); | will not be
engaging those objections. The ethical objections to pollution pricing that | engage with are
unrelated to ethical objections to welfarism or utilitarianism.

Furthermore, a social-welfare-maximizing outcome can always be equivalentto a
Pareto-efficient outcome, under certain conditions, given proper weights in the social

welfare function.® Pareto efficiency does not require cardinal, interpersonally comparable

3 See Proposition 16.E.2 in Mas-Colell et al. (1995).
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utility functions, as is required for a social welfare function approach. A long tradition in
normative economics attempts to avoid those assumptions on utility functions by
considering Pareto efficiency as their optimizing framework. By contract, | am explicitly
invoking a social welfare function approach and therefore relying on cardinal and
interpersonally comparable utility functions. Ethical or conceptual issues with cardinality
or interpersonal comparability of utility functions are not addressed here. See Kelleher
(2025) for more discussion of this issue in the context of environmental policy and the

social cost of carbon.

Ill.b. Decentralized Solution

Next, | consider a decentralized model. There is a competitive economy, with
output good prices p, and p,, a price for the labor input w, and an income level y; for each
consumer i. Prices and income are endogenously determined in general equilibrium.
There is a representative price-taking firm producing x and another producing z. There is
also an emissions tax 7 that the dirty good producing firm must pay for each unit of
emissions that it produces. Emissions tax revenues are returned to consumers as lump-
sum transfers.* Each consumer i is assigned an ownership share of the profits of each firm
(0;x and 6;,), the labor income (6;;), and the emission tax revenues (6;;). Consumer i
maximizes utility subject to their budget constraint:

max Ui(xi, Zi, E)
Xi,Zji

41n Howarth (2001), the only revenues available for lump-sum redistribution are the pollution tax revenues,
but he also models intergenerational payments to compensate for environmental quality changes. My model
is static and does not consider intergenerational issues.
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such that
DxXi + DzZi =Y
Consumer i's income y; is determined by the ownership shares and total economy-wide
income:
Vi = 0y + 0,1, + Oywl + 0, TE

Here m, = p,f (L, E) — wl, — TE is firm x's profit, and , = p,g(l,) — wl, is firm z's profit.
Total labor income is wl since the total labor supplied (inelastically) is [, and TE is total
emissions tax revenue.

The dirty good producing firm's profit maximization problem is

r}}c%xpr(lx,E) —wl, —tE
The clean good producing firm's profit maximization problem is
maxp;g(l;) — wl,

Each consumer's utility maximization problem and both firms' profit maximization
problems can be solved with the Lagrangian method, generating first-order conditions.
These first-order conditions along with the resource constraint equations define the
decentralized competitive equilibrium with an exogenous pollution tax. Prices are
determined in equilibrium; | normalize p,, = 1.

While | omit here the first-order conditions for brevity, it can be shown (see Phaneuf
and Requate 2016, p. 11) that the optimal solution (again, “optimal” here is defined as the

solution to the planner’s problem described above) is reached when the pollution tax 7 is

N dU;/0E
1=13y,;/0x;

settoT = —p, ). . This is the Pigouvian tax, setting the tax rate to equal the

monetized value of marginal external damages, internalizing the pollution externality to the
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polluting firm. Importantly, this optimal Pigouvian tax depends on the availability of lump-
sum transfers, beyond just the lump-sum return of pollution tax revenues. As shown
below, if the pollution tax is the only instrument available, and lump-sum transfers (other
than the return of the pollution tax revenue) are not available, then the social-welfare-
maximizing tax rate does not necessarily equal this Pigouvian tax rate, depending on the

distribution of income across the economy.

Ill.c. Regulator's Problem

Finally, | consider what | call the regulator's problem, which is to choose a pollution
tax rate T to maximize social welfare, subject to the constraints of the decentralized model,
including the exogenous ownership shares. That is, the regulator chooses 7 to maximize
>N 1 viUi(x;, z;, E), subject to the resulting solution being the solution of the decentralized
model described above. (As opposed to the social planner, who can directly choose all the
consumption levels of each consumer without regard for the outcome being a
decentralized equilibrium). The regulator returns pollution tax revenue through lump-sum
transfers based on each individual’s share 6;;, but does not have the ability to make any
other lump-sum transfers. Because of this limitation, the tax rate chosen by the regulator is
not necessarily the Pigouvian tax rate. If the regulator had access to any level of lump-sum
transfers, then the regulator would use those transfers to achieve a given distribution of
income and always apply the Pigouvian tax rate to pollution (consistent with the second

fundamental welfare theorem). In the simulations below, | show how the regulator's
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chosen tax rate can vary with a number of parameters and generally is not equal to the

Pigouvian tax rate.

Ill.d. Functional Form and Calibration

The theoretical results presented below do not depend on functional form or
parameter values. Butl| complement the theoretical results with calibrated numerical
simulations, to add additional intuition behind the theory's results and to quantify. The
simulation is a relatively simple general equilibrium economy with two representative firms
and a few representative households; it is not a CGE model or an IAM. The quantitative
results are not intended to be definitive values for optimal policy, but rather to guide the
reader towards understanding the theory's implications for policy design.

I use the following functional forms in the calibrated simulations. Each consumer's
utility function is separable in both consumption goods and linear in environmental quality:
U; = x* + z{” — BE. The separability assumption is solely for tractability, allowing me to
analytically solve the equilibrium using first-order conditions. The dirty good production
function is Cobb-Douglas: f(I,, E) = [XE1™*. The clean good production function is a
power function: g(l,) = lf. These functional form assumptions mean that the dirty good
sector features constant returns to scale production but the clean good sector does not
(unless u = 1).

Details on the calibration are provided in Appendix section A.ll, and Appendix Table
A1 lists the parameter values. Here | summarize. | set N = 5, allowing each representative

household to represent one income quintile of the U.S population. Income shares are
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based on data reported in CBO (2008), which features significant income inequality: the
richest income quintile earns 87% of firm profits and 50% of labor income. Pollution
damages and the Pigouvian tax rate are calibrated based on the DICE-2023 model
(reported in Barrage and Nordhaus 2024) and Paul et al. (2013). The calibrated values are
such that the efficient Pigouvian carbon tax (ignoring the ethical concerns that | will
introduce) is exactly $125 per ton of CO,. The efficient level of pollution is about 33% lower

than the business-as-usual (BAU) level.

IV. Results

| present both theoretical and quantitative simulation results. | consider the
implications of the four ethical concerns that | discussed earlier: equity,
incommensurability, civic responsibility, and commodification. The theoretical results
identify how an optimal tax is modified to accommodate the various ethical concerns. The
quantitative simulation results explore the magnitude of these effects on the tax rate and
on the resulting quantity of emissions. | consider each of these four ethical considerations

independently, one at a time, in the following four subsections.

IV.a. Equity

| begin by exploring how equity concerns affect environmental tax design under the
weighted utilitarian social welfare function Z?’:l viU;(x;, z;, E), where the social welfare
weights are the y; values. An unweighted Benthamite social welfare functions has all of

these y; values equal to each other, though other weights are possible. Argenziana and
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Gilboa (2019) provide a theoretical justification for weighted utilitarian social welfare
functions based on moral intuitions.® | will vary the variance of these weighting values to
explore the implications for the pollution tax that solves the regulator’s problem. As
described earlier, the Pigouvian tax ensures the optimal level of pollution only when policy
also includes lump-sum transfers across households. This Pigouvian tax will then be
invariant to the distribution of income across households, though the levels of the lump-
sum transfers will depend on this distribution. Itis more interesting to consider the
regulator’s problem, in which a pollution tax can be chosen to maximize social welfare but
lump-sum transfers are unavailable (other than the return of pollution tax revenue). In
Figure 1 | plot simulation results showing how the emissions tax that solves the regulator’s
problem varies with the variance in the vector y describing the distribution of welfare
weights. | start with the unweighted case where all the weights are equal to one, and thus
the variance is zero (corresponding to zero on the x-axis of Figure 1). | then increase the
variance by increasing the weights y; on the poorest households and decreasing the
weights y; on the richest households so that all five weights still sum to five and so that
there is an equal spacing between the five values. | continue this until the weight for the

poorest household, y;, equals 2.5, and the weight for the richest household, ys, equals

5 Weighting of individual utility functions in a social welfare function is not identical to weighting consumption
orincome (or changes in consumption or income) in cost-benefit analysis, as in Cowell and Gardiner (1999).
Those welfare weights reflect heterogeneous marginal utility arising from unweighted utilitarian welfare
functions, and typically lower-income households are given a higher social welfare weight, reflecting the
diminishing marginal utility of wealth (Adler 2016).
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0.25.5 For each set of weights, | solve the regulator’s problem, where the distribution of
wealth (given by the 8 parameters) is unchanged.

Figure 1 shows that a higher variance in y, corresponding to a higher degree of
aversion to income inequality, yields a higher emissions tax. When the regulator is
unconcerned with inequality (variance of zero), the tax rate is about $121 per ton carbon
dioxide. This is notably slightly lower than the Pigouvian tax, which is exactly $125 per ton
(the damage parameter is calibrated to reach this optimal Pigouvian tax). Even without a
concern for inequality in the social welfare function, the regulator sets an emissions tax
lower than the Pigouvian level because of the income inequality present in the economy.
Because the regulator does not have access to a lump-sum transfer, the inequality in
income affects what tax it would prefer to levy. When the variance of y is atits highest level
in Figure 1, which again roughly corresponds to weighting based on the inverse of relative
income, the emissions tax is about $150 per ton, 20% higher than the Pigouvian level.”

An alternative way to handle distributional concerns is to impose a social welfare
function based on a Rawlsian concept of justice rather than a weighted utilitarian function.
As discussed in the Appendix, itis debatable as to whether imposing a social welfare
function is in fact faithful to Rawls, though it is often used. | explore the implications here
by replacing the weighted utilitarian social welfare function with an isoelastic social

welfare function:

8 This set of values for the distributional weights is roughly equivalent to weighting households inversely
proportional to income, as would be done weighting income changes in a cost-benefit analysis with
logarithmic utility of consumption (Cowell and Gardiner, 1999), though see the previous footnote.

’These simulations, and all simulations in the main text of this paper, keep the exogenous income
distribution (described by the 8 parameters) fixed. In Appendix section A.lll, | present simulations that vary
this distribution.
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N
1 _
TZ(Ui(xi; Zj, E))l "
n i=1

The parameter n > 0 describes aversion to inequality in utility. Asn — oo, the isoelastic
social welfare function approaches a Rawlsian maximin function.®

Theoretically, under isoelastic social welfare, the planner’s problem yields the same
solution as under unweighted utilitarian social welfare. The planneris unconcerned with
the initial distributions of wealth in the economy and chooses a final distribution to
minimize inequality given this functional form, which is always an equal distribution. The
isoelastic social welfare function becomes interesting when applied to the regulator’s
problem, for a regulator choosing an emissions tax in an economy with existing
inequalities, described by the income share parameters 6.

Figure 2 shows the solution for the emissions tax that solves the regulator's problem
under the isoelastic social welfare function as the inequality aversion parameter 1 is varied
from 0.1 to 2.° Again the inequality in the economy governed by the income share
parameters 6 is unchanged. As inequality aversion increases, the emissions tax that
solves the regulator's problem increases. Just like with the weighted utilitarian social
welfare function, under the isoelastic social welfare function the importance of equity
concerns in the choice of the optimal emission tax rate is apparent. Given the underlying

inequality in these simulations driven by the exogenous income shares, a greater concern

8 Jacobs and de Mooij (2015) use a Bergson-Samuelson social welfare function to study environmental policy,
which is a generalization of the isoelastic.

®Bucholz and Schumacher (2010) report on empirical work attempting to measure an appropriate value for n
and find values vary widely, from close to 0 to between 2 and 3. Similarly, Del Campo et al. (2024) review the
literature attempting to identify the value for n specifically related to inequality aversion regarding climate
policy, and also report a wide range (see their Figure 1). Based on this, here | vary 1 from 0.1 to 2.
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for equity raises the regulator's choice of the tax rate. Over a reasonable range of the n
parameter value, given that the empirical literature ranges over these values, the optimal
emissions tax varies from about $125 to $145 per ton.™

These figures demonstrate how an emissions tax can be designed to accommodate
distributional concerns. While the textbook formula for an efficient Pigouvian tax does not
explicitly include distributional terms, these distributional concerns are implicitly included
in the tax formula and reflected in the calculation of the tax. My motivating example was
the concern for equity across income groups, though this model could also be applied to
equity across countries (assuming the i is indexing countries rather than income groups).
As discussed earlier, this finding is not novel, as many previous authors have explored
(often with more complex models than the one here) how equity and distributional
concerns affect pollution pricing design. Thus, | now turn to the novel features of my
model, which is how the tax can be designed to accommodate three other sets of ethical

objections.

IV.b. Incommensurability

If environmental goods are incommensurable with market goods and cannot be
combined into a social welfare function, can a pollution tax be justified? Here | propose
that the answer is yes. Consider a social planner's problem. Each individual consumer

has a utility function over market goods (x; and z;). This utility function could also include

0 Appendix Figures A4 and A5 show how the emissions level varies under the regulator’s problem with
respect to the variance in the utilitarian social welfare weights or the inequality aversion parameter in the
isoelastic social welfare function, respectively.
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the level of environmental quality or emissions E, which could reflect either a direct
valuation of environmental goods (willingness to pay for clean air) or how the level of
environmental quality affects valuation of and willingness to pay for market goods (if some
of them are complements or substitutes to environmental quality). If so, one could argue
that the incommensurability arguments apply to a social planner's problem —the planner
cannot trade off between market and environmental goods - but it still allows for individual
consumer preferences to include environmental goods, either directly or indirectly. For the
time being | will take this approach and allow the consumer's utility function to include
emissions: U;(x;, z;; E).

The social planner has an element of the social welfare function that is a function of
the individual consumers' utility levels; allow that to be a weighted utilitarian social welfare
function (though adopting a different form does not affect the following arguments or
intuition): Y.; v; U;(x;, z;; E). But, because environmental quality is incommensurable with
consumer utility over market goods, the social welfare function must have an additional
element. Suppose that this element is simply a scalar-valued function over the level of
emissions: V(E), where V'(E) < 0 indicating that more pollution yields a lower level of this
element of social welfare. Thus, the social welfare function is in fact a vector-valued
function rather than scalar-valued; incommensurability means we cannot combine
through a weighted sum or any other comparison the welfare from market goods with the

welfare from the environment. The vector-valued (dimension = 2) social welfare function is:

W= [Z Vi Ui(x, 25 E); V(E)]
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The planner seeks to maximize social welfare. But how can the planner maximize a vector-
valued function? Again, the planner cannot simply combine the two elements of social
welfare, for example by taking a Euclidean norm, since that would violate
incommensurability.

There is a field of mathematics called multi-objective optimization, also called
Pareto optimization, that handles cases like this that are attempting to find an optimum for
vector-valued objectives." It might be the case that the solution that maximizes the first
element of the welfare vector also maximizes the second element, though that is unlikely.
Generally in this field, the focus is on finding a series of solutions based on the Pareto
frontier (a concept familiar to economists): the set of solutions that cannot be improved for
any one element without degrading the outcome for any other element.

The solution concept that | explore here is based on maximizing the part of the
vector welfare function based on consumer utility over market goods with the condition
that the part of the vector welfare function based on the environment achieves some
minimum value. That is, the planner's objective function is

max Y; ¥; U;(x;, z;; E) suchthat V(E) > V
Here V is the exogenously-determined minimum value of environmental quality that the
planner must satisfy. The origin of this value is not explored here; part of the
incommensurability argument is that a value like this cannot be determined by some

economic model based on comparing monetary costs and benefits. Presumably society

" See Deb (2011) for an introductory text. Janssen (2012) covers how it is used in environmental
management problems, including in environmental and resource economics.
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reaches the value for V through some other process involving collective ethical decision-
making, and given this value, the social welfare function approach can be used to find an
optimal allocation over the market goods and the environment, respecting the
incommensurable constraint on environmental quality. This approach, with a constraint
over the minimum level of acceptable environmental quality, is not the only approach that
can be taken allowing forincommensurability, though it is a starting point.

Given this specification of the planner's problem, the first-order conditions can be
derived. They are identical to the first-order conditions to the standard utilitarian social
welfare function maximization without the environmental quality constraint, except for the
first-order condition with respect to the level of pollution. Because of that constraint, there
is an additional Lagrangian multiplier in the problem; callit A;,. There are two possible
cases for the problem's solution. First, if this multiplier A, = 0, then the constraint does
not bind, and the planner's solution is identical here compared to the standard case
without the environmental quality constraint. That case represents the case where this
environmental quality constraint is already satisfied at the solution to the planner's
problem without this constraint. Second, if the multiplier A, > 0, then the constraint
binds, so V(E) = V/, and the multiplier 1, appears in the first-order conditions. These first-
order conditions can be manipulated and compared to the first-order conditions to the
decentralized problem (which is identical here as in the previous section, since the choice
of the social welfare function does not affect the decentralized problem) to show the

expression for the optimal pollution tax when the environmental quality constraint binds:
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The first term within the brackets is identical to the standard Pigouvian tax that was derived
earlier. It still contains partial derivatives of the consumers' utility functions with respect to
pollution; as discussed earlier, here | take the approach that the planner can still take into
account how a consumer values the environment relative to market goods, though the
planner himself cannot do so which leads to the vector-valued social welfare function. The
second term in the above expression for the optimal tax accounts for the environmental
quality constraint. The multiplier A, is the shadow value of this constraint, divided through
by the multiplier on the resource constraint for good x, 4,, to get it in monetary terms. This
optimal tax will generally be higher the more strongly the constraint binds (the higher the
value of 4, and it will be higher the more steeply that pollution affects environmental
valuation (V'(E)).

Figures 3 through 5 present simulation results shedding light on the intuition behind
this tax consistent with incommensurability. In these simulations | use all the same
functional forms and parameter values used in the previous simulations. The new
component in these simulations is the environmental valuation function V(E) and the
constraint V. | use a simple negative logarithmic for the function: V(E) = — In(E),
indicating that the function decreases in pollution E, which is in arbitrary units. The
minimum environmental quality constraint value V is varied in these simulations to cover
ranges where itis and is not binding. Figure 3 presents the optimal pollution tax from the

social planner's problem, and Figure 4 presents the optimal level of emissions from the
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social planner's problem. These figures demonstrate how the tax is impacted by whether
the constraint binds. With a low value of V, the constraint is not binding, so the optimal tax
just equals the Pigouvian tax (exactly $125 per ton) and is unaffected by V. But once V
reaches a high enough value, the constraint binds, so that the emissions level and the
emissions tax are determined by the environmental constraint rather than by any
Pigouvian-style calculus. As V gets larger, the resulting optimal pollution tax gets larger,
and the optimal emissions level gets smaller.

What is the interpretation of the values of V? As described earlier, these values
must be determined outside of any economic calculus, because of the argument from
incommensurability. The units of 7 are not interpretable; rather, as V varies we see how the
constraint impacts (or doesn’timpact) emissions. When V is lower than 2.1, the constraint
is not binding. At higher values of V/, the constraint is binding, so the interpretation of the
value of I/ is that value for which the given emissions level just satisfies the environmental
quality constraint. For example, V = 2.2 corresponds to an environmental quality
constraint that is satisfied when the emissions level is about 56% relative to the business-
as-usual level.

Figure 5 presents the emissions tax that solves the regulator’s problem rather than
the social planner’s problem. Qualitatively, the relationship between the constraint
magnitude and the tax is similar to that for the planner’s problem tax. The tax is constant
and unaffected by the constraint for low values of the constraint (though in the regulator’s
problem, this constant tax rate is lower than the Pigouvian level of $125 per ton because of

the inequality in the economy), and the tax increases as the constraint gets high enough to
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be binding. For a given value of the constraint V/, the regulator’s tax is always slightly lower
than the planner’s tax.?

These simulations arise from a social welfare function that respects the
incommensurability of market goods and environmental goods. The resulting pollution tax
also respects this incommensurability. By taking into account the environmental
constraint and not directly comparing environmental and market benefits, the results
demonstrate that a pollution tax can indeed be desighed to accommodate philosophical
concerns over the incommensurability of different types of goods.

There are many caveats from this simple exercise. Notably, the form in which
incommensurability is incorporated into a social welfare function is very simple: an
additional constraint on environmental quality. Alternate ways to incorporate the value of
environmental quality will likely not lead to such straightforward conclusions; Appendix

section A.IV. explores one such alternative.

IV.c. Civic Responsibility

Can a pollution tax be designed to accommodate the ethical claim that individuals
have a moral or civic responsibility to do their part to protect the environment? The key
objection to a pollution tax based on the civic responsibility argument is that paying the tax
allows one to evade any potential responsibility, and this responsibility should not be
something that you can just buy your way out. However, | demonstrate here that a pollution

tax can in fact be designed to accommodate this moral claim.

2 Appendix Figure A6 presents the resulting emissions levels from the regulator’s problem as V is varied.
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The intuition behind this result is analogous to that from the previous section. Ifa
civic responsibility exists, then this responsibility can be incorporated into the planner's
problem through a binding constraint. The planner's problem is to maximize social welfare
but respecting the fact that the burden of responsibility is shared in a morally appropriate
manner. That can be done through a constraint that mandates each individual meets their
civic responsibility.

In this paper's model, pollution is emitted by the single polluting firm. In order to be
able to attach civic responsibility over pollution to individuals (consumers), the pollution
emitted by the firm must be "matched" to each individual, denoting the amount of total
pollution that that individual is responsible for. Given the total amount of pollution E, let E;
represent the amount of pollution that consumer i is responsible for. All pollution is
assigned to a single individual, so that Z’i"=1 E; = E. There are multiple ways in which

pollution can be assigned to individuals. One way is based on consumption of the

polluting good x; in this case the pollution shares are defined as E; = % A second way is
l

based on the ownership share in the polluting firm; in this case the pollution shares are
defined as E; = 0;,E. Other definitions of the pollution share are possible as well.’® Each
individual’s pollution share E; is observable by the regulator; issues of monitoring or
imperfect observability are ignored (this applies also to the carbon tax itself).

Next, there must be a constraint that each individual faces based on their actual

pollution share and how much they are allowed to be responsible for. Let R; be this value,

3 For example, in a model with a household-level labor-leisure choice, pollution shares could be based on
the labor that each household allocates to the dirty sector.
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i.e. the maximum amount of pollution that consumer i be allowed to emit according to the
civic responsibility argument. The value could be different for different consumers,
perhaps reflecting their ownership shares in the economy or wealth levels. Orit could be a
function of total emissions R; = R;(E).

The planner's problem becomes

max Y,; ¥; U;(x;, z;; E) suchthat E; < R; Vi

The constraints apply to each individual consumer, reflecting the civic responsibility that
each consumer has to ensure that their pollution does not exceed the amount they are
allowed to emit. In the Lagrangian specification of this constrained optimization problem,
the multiplier on the civic responsibility constraint for consumer i is A;. The first-order
conditions for this Lagrangian problem can be manipulated and compared to those of the
decentralized problem with the polluting firm facing a pollution tax, in the same manner as
in the previous subsections, to arrive at an expression for the optimal emission tax that will

induce the level of emissions that solves this constrained optimization problem:
(’)U /E)xl (’)U /(')xl Ay dx; A, \OE OF
] i

The first term in the brackets is identical to the Pigouvian tax in the standard model without

the civic responsibility constraint. The second term reflects how the constraint affects the
optimal tax through consumer i's consumption of the polluting good x; affecting their
emissions share E;. If consumer i's emission share is independent of their consumption of
the polluting good x;, for example if their emissions share is just a function of their polluting

firm ownership share 6;,, then this second term drops out. The third term reflects how the
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constraint affects the optimal tax through how the total level of emissions E is related to
each individual's emissions limit R; and responsible emissions E;. These values can be
defined in different ways, which may or may not be related to total emissions E, affecting
how this term comes into play. The last two terms involve 4,, the multiplier on the resource
constraint for good x.

This general expression for the optimal pollution tax can be simplified under
assumptions about the nature of the civic responsibility constraint. Forinstance, if the
responsible emissions share E; is only a function of total emissions and consumer i's
ownership share in the polluting firm, so that E; = 6, E, then the second term drops out,

and the second part of the difference in the third term (%) is a constant 8;,.. And, ifthe

emissions limit R; is independent of total emissions, then % = 0, simplifying the final

term. Under both of these assumptions, the optimal tax is

N
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An important difference exists between this optimal emissions tax, for the civic
responsibility constraint, and the optimal emissions tax for the incommensurability
constraint in the previous subsection. Because the incommensurability constraint was
over the total amount of emissions, the optimaltaxinduced a level of emissions
guaranteed to satisfy that constraint. But, the civic responsibility constraints apply to the
responsible emissions for each individual. The optimal tax merely ensures the optimal
overall level of emissions E; it does not ensure that each individual's responsible emissions

E; satisfies the constraint E; < R;.
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To see this, Figure 6 plots simulation results for the planner's problem. In these

simulations, | impose that each individual household’s pollution share E; is defined based

;z‘ | set the civic responsibility
L

on their consumption of the polluting good, so E; =

constraint R; to equal 20% of the optimal level of emissions for households i = 1 through
4, representing an equal responsibility across each household, and then | vary the
constraint that applies to the fifth household R from about 12% to about 35%. Figure 6
shows how the optimal emissions tax from the planner’s problem varies with this
constraint Rs. Inthe planner’s problem the fact that household 5 happens to be the richest
household is irrelevant; the planner ignores the income shares 6,,, etc. When household
5’s constraint is at 20% or higher, then none of the household’s civic responsibility
constraints R; bind, so the outcome is identical to the planner’s problem in the base case
without these constraints, yielding an optimal tax of $125 per ton. But once household 5’s
constraint drops below 20%, its constraint binds. Reducing the maximum amount of
pollution that household 5 is allowed to be responsible for increases the value of the
optimal emissions tax. When the constraint is lower, optimal emissions is lower, so the
optimal emissions tax must be higher to induce it.’ Importantly, for many parameter
values in these simulations, the optimal tax under the planner's problem does not in fact
ensure that all consumers satisfy their civic responsibility constraints. For these values,
consumer 5's emissions E; are greater than their maximum value Rs; this is because

consumer 5 has a higher share of ownership wealth in these simulations. Without access

4 Appendix Figure A7 shows how the resulting optimal emissions level varies with R¢ under the planner’s
problem.
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to lump-sum transfers, a regulator cannot ensure that the civic responsibility constraints
are satisfied by implementing the theoretical optimal emissions tax.

This brings us to the regulator's problem, for which the simulations are presented in
Figures 7 and 8. The same variation in Rs is presented here, keeping the constraints R; fixed
at 20% for the other four consumers as in Figure 6, but here under the regulator's rather
than the planner's problem. The optimal tax rates from the regulator’s problem presented
in Figure 7 are not the theoretical optimal tax in the text above. Rather, these tax rates are
those that the regulator implements to maximize social welfare while ensuring that all civic
responsibility constraints bind. The magnitude of these tax rates is much higher than the
Pigouvian value of $125 per ton. Forinstance, when Rs = 20%, so that all five consumers
face the same civic responsibility constraint, the tax that maximizes social welfare is about
$525 per ton, almost four times higher than the Pigouvian value. Because consumer 5 is so
much richer than the other consumers (earning 87% of firm profits and 50% of labor
income), the regulator needs to impose a much higher tax rate than the Pigouvian level to
ensure that this consumer’s constraint is satisfied. Figure 8 shows the resulting overall
emissions levels that arise from the regulator’s problem. They are much lower than the
optimal emissions levels from simulations without the civic responsibility constraints; for
example, when Rs; = 20%, emissions are about 25% of the business-as-usual level,
compared to about 67% of the business-as-usual level without the civic responsibility
constraints. The regulator recognizes and responds to the (exogenous) income inequality
in the economy and the fact that the regulator cannot address it with lump-sum transfers.

The overall emissions level is substantially decreased since that is the most cost-effective
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way to reduce the richest consumer’s emissions share to a level that satisfies their civic
responsibility constraint. Even under a distribution of civic responsibility that appears
equitable (all consumers facing the same constraint), the pre-existing inequality in society
substantially affects the tax magnitude and the resulting emissions. These simulations
demonstrate how tax policy can vary with the magnitude of a civic responsibility constraint,

and how this constraint interacts with the existing inequality within an economy.

IV.d. Commodification

If placing a price on pollution improperly treats the environment as a commodity,
then it seems tautological that no pollution price can be designed to overcome this ethical
objection. Thatis, the objection is essentialist, and fundamental to the nature of the
policy, as described in the appendix. However, another, non-essentialist, interpretation of
the commodification objection is the fact that commodifying the environment will crowd
out intrinsic motivation for protecting the environment. If the objection based on
commaodification boils down to objecting on the basis of this crowding out phenomenon,
then the prospect of designing a pollution tax to accommodate this objection is valid.

In this section | modify the model so that there exists intrinsic motivation for
protecting the environment among some agents in the economy.’ Pollution is created by
the single representative polluting firm, so | impose that the firm's objective function

includes some aspect representing intrinsic motivation, rather than intrinsic motivation

5 See Fehr and Charness (2025) for a review of the literature on social preferences, including intrinsic
motivations for contributing to socially-valuable goods.
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appearing in the consumers' utility functions. The representative polluting firm in this
model is owned by the consumers, so people's intrinsic motivation can be incorporated
through the firm's behavior as | do here. The representative polluting firm's profit function,
given a pollution tax z, remains m,, = p,f(l, E) — wl, — TE. But now the firm no longer
acts solely to maximize profit; it also considers its intrinsic motivation for protecting the
environment. The firm's objective in this case is to choose its inputs [, and E so as to
maximize the following function: m, — h(E, 1) = p.f (l, E) —wl, — tE — h(E, 7). The
additional term h(E, T) represents the cost arising from intrinsic motivation of the firm. Itis

subtracted from the profit ,, meaning that the firm will sacrifice some profit in order to

decrease the cost from the intrinsic motivation. The intrinsic motivation term satisfies Z—Z >

0 and g—f: < 0; a higher level of emissions E increases this intrinsic cost, while a higher

pollution tax T reduces it. Both effects reflect a crowding out phenomenon, either crowding
out from the tax itself or from the level of emissions the firm is responsible for."®

This is how the polluting firm behaves; the non-polluting firm and the consumers
behave the same way that they do in the baseline model. Likewise, the social welfare
function that the planner maximizes is identical to the social welfare function in the
baseline model. The planner does not include the intrinsic motivation term h(E, 7) in its
social welfare function; though it affects the polluting firm's behavior it does not affect the

planner's problem. Inthis respect the planner's treatment of the intrinsic motivation is

'8 This model has just one polluting firm so does not allow for different degrees of crowding out across
different polluters; for example if some firms or if some countries’ firms have differing levels of intrinsic
motivation. A model extension to include multiple polluters could accommodate this issue.
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similar to the "preference purification" approach to behavioral welfare economics.” The
solution to the planner's problem is thus identical to that in the baseline case. Butin the
decentralized model, the polluting firm's response to a tax and thus the resulting
equilibrium will differ.

The first-order condition for the choice of emissions E in the firm's maximization
problem under this specification is p, fz (I, E) — T — hg(E,T) = 0. The final term
represents how the intrinsic motivation modifies the firm's decision over how much to
emit. The planner chooses a pollution tax that accommodates this behavior, given that the
planner does not include the intrinsic motivation term in its objective function (the social
welfare function). The planner can induce the socially-optimal level of pollutionin a

decentralized model by setting the following Pigouvian tax rate:

& QU, /O
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The first half of this expression is equal to the Pigouvian tax in the baseline model without

intrinsic motivation; the second half represents the planner's response to the fact that the
. e . .. . . . oh . . .
firm exhibits intrinsic motivation. Since 3 > 0, this second term decreases the Pigouvian

tax rate. Because of intrinsic motivation, the polluting firm itself is at least partially doing

the job that the Pigouvian tax should be doing, so the optimal Pigouvian tax need not be as
e S R . oh
large as it is without intrinsic motivation. The larger the magnitude of the crowd out T the

smaller the tax needs to be. Itis even possible that the second term is larger in magnitude

7 See Bernheim and Rangel (2009) for a standard methodology adopting this approach, and Infante et al.
(2016) for a critique.
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than the first term, so that the optimal Pigouvian tax is negative: a pollution subsidy. This
would be the case if the intrinsic motivation is so large that the polluting firm "overshoots"
and reduces pollution below the socially optimal level even without any pollution tax. Thus
a pollution tax can indeed be designed in a way that accommodates the commodification
objection, if the commodification objection is fundamentally about the crowding out of
intrinsic motivation that commodification entails.

I simulate policy decisions under the intrinsic motivation specification by imposing
the following functional form: h(E,7) = mE™ — pt?. Given this separability between
emissions and the emissions tax in the intrinsic motivation cost function, the second part
of the function pt? does not affect any outcomes, since the firm treats the pollution tax t
as exogenous. Instead, crowding out comes from the first part of the function, mE™, where
a higher level of emissions chosen by the firm increases this cost. As baseline parameter
values | choose n = 0.5, which yields interior solutions where the intrinsic motivation
creates partial but not total crowd out of the effects of the pollution tax. | vary the value of
m from 0 to 0.1, which varies the degree of the intrinsic motivation among the firm and thus
the degree of crowding out of the pollution tax.

Figure 9 presents the optimal emissions tax under the planner’s problem as | vary
the parameter m; this is the expression for the Pigouvian tax presented above. Whenm =
0, there is no intrinsic motivation or crowd out, so the Pigouvian tax is still $125 per ton. As
expected, as the intrinsic motivation is larger, the emissions tax that is needed to maximize
social welfare is lower, because the intrinsic motivation of the firm is doing some of the

work that the tax would otherwise be doing. There is no clear interpretation of the
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maghnitude of m, other than to observe that when m = 0.05, for example, the intrinsic
motivation is such that crowd out causes the tax rate to decrease by about 35% (from $125
per ton to about $80 per ton). The optimal level of emissions that arises from the planner’s
problem is invariant to the value of m; the intrinsic motivation causes the Pigouvian tax that
induces the first-best pollution level to change, but it does not affect the first-best pollution
levelitself.

Figure 10 presents the emissions tax solving the regulator's problem as | vary m, and
Figure 11 presents the resulting emissions level. The regulator’s tax displays a qualitatively
similar pattern in response to intrinsic motivation as does the planner’s tax. There are
slight differences in magnitudes, however; as already seen, without intrinsic motivation
(m = 0) the regulator’s tax is slightly lower than the planner’s Pigouvian tax. But, at a high
degree of intrinsic motivation the regulator’s tax is slightly higher than the planner’s tax (e.g.
whenm = 0.1, the planner’s tax is about $20 per ton, and the regulator’s tax is about $30
perton). This can be explained by Figure 11, which shows that the emissions level from the
regulator’s tax is not invariant to the degree of crowd out, even though (as mentioned
earlier) the first-best emissions level is invariant to it. The regulator who is constrained to
use only a pollution tax considers the crowd out response of the firm to the tax, and when
doing so allows the emissions level to be slightly lower with higher crowding out. While the
maghnitude of the change in the emissions level in response to these changes inmis
relatively small (varying from about 65% to about 62% of business-as-usual emissions), it

is enough to yield a modest change in the regulator’s tax relative to the Pigouvian level. As
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has been seen throughout all these simulations, the pre-existing income inequality in the

economy interacts with all these effects to impact the magnitude of the regulator’s tax.

V. Conclusion

| have explored how ethical considerations can be incorporated into an
environmental tax. Ethicists have objected to pollution pricing on the grounds of equity,
incommensurability, civic responsibility, and commodification. For each of those
objections, | have proposed a tax that could be modified from the standard Pigouvian
specification (simply equal to marginal external damages) in such a way that
accommodates the objection. | perform a series of calibrated numerical simulations to
explore how these accommodations affect the magnitude of the optimal tax and the
resulting emissions levels. In some cases the accommodation has only a small
quantitative effect on the outcomes - for example, equity concerns cause the tax rate to
increase by a modest amount. In other cases the accommodation can have a large effect —
for example, under a reasonable magnitude of a civic responsibility accommodation, the
resulting tax rate can be about five times larger than the Pigouvian level.

This study is meant to be a starting point for incorporating these ethical concerns
into the design of real-world pollution pricing policies like carbon taxes. Much more work
can be done to explore these issues further. In the theoretical results presented here,
many simplifying assumptions were made to yield interpretable results, and these
assumptions could be modified in future work. For example, the objection from

incommensurability was accommodated with a simple constraint on the total level of
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emissions; many alternative ways of accommodating this objection could be found.
Likewise, only one market failure (a global pollution externality) is modeled; extensions
could consider co-pollutants or other market failures. The quantitative simulation results
arise from a relatively simple computational model calibrated to the U.S. economy, with
just five representative consumers and two representative firms. More detailed structural
modeling of the economy, as in a multi-sector computable general equilibrium model,
could yield more informative quantitative results. Furthermore, the specification of
environmental damages is simple (linear), and the model is static; a dynamic model with a
more realistic environmental component, like an integrated assessment model, could
provide additional insights. | have considered each ethical concern independently of the
others; it is possible that more insights can be gleaned by addressing multiple ethical
concerns simultaneously.

Nevertheless, this study is the first economic model to seriously engage with this
literature from environmental ethics and the philosophy of environmental economics in
this way. Clearly the policy implications are directly related to the design of environmental
pricing policies like carbon taxes. Standard economic models, including computable
general equilibrium and integrated assessment models, generally ignhore these ethical
concerns, though policymakers and the populace may care about them deeply. The results
here will hopefully inform the design of these policies in a way that can solve environmental

problems in an economically efficient way while not raising ethical objections.
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Figure 1

. Emissions tax, regulator's problem, vs. variance in social welfare weight
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to 0.82 (where the y; for the richest quintile is 0.25 and the y; for the poorest quintile is 2.5). The y-axis is the emissions tax rate
that solves the regulator’s problem, in 2019 dollars per ton of carbon dioxide.
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Figure 2
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tax rate that solves the regulator’s problem, in 2019 dollars per ton of carbon dioxide.
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Figure 3
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carbon dioxide.
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Figure 5
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Figure 6

_ Optimal emissions tax, planner's problem, vs. civic responsibility constraint
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Notes: The x-axis is R5, the value of the civic responsibility on the richest household, expressed as a percentage of the overall
optimal emissions level (solving the planner’s problem). The constraints on the other four households are kept constant at
20% of the overall optimal emissions level. The y-axis is the emissions tax rate that solves the planner’s problem, i.e., the
optimal emissions tax, in 2019 dollars per ton of carbon dioxide.
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Figure 7
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optimal emissions level (solving the planner’s problem). The constraints on the other four households are kept constant at
20% of the overall optimal emissions level. The y-axis is the emissions tax rate that solves the regulator’s problem, in 2019
dollars per ton of carbon dioxide.
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Figure 8
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20% of the overall optimal emissions level. The y-axis is the quantity of emissions that results from the solution to the
regulator’s problem, expressed as a percentage of the business-as-usual emissions level.
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Figure 9
Optimal emissions tax, planner's problem, vs. crowd out
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Notes: The x-axis is m, a parameter governing the degree of intrinsic motivation causing crowding out in the firm’s objective
function. The y-axis is the emissions tax rate that solves the planner’s problem, i.e., the optimal emissions tax, in 2019 dollars
per ton of carbon dioxide.
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Figure 10
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Figure 11
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Appendix

A.l. Additional Background

A.l.a. Equity

It has long been argued that pollution pricing may increase efficiency at the cost of
equity, since poorer people tend to spend a higher fraction of their income on pollution-
intensive goods like electricity and gasoline. For example, see Glaeser et al. (2023) on the
regressivity of gasoline taxes. But see Bruegge et al. (2019), who find that command-and-
control regulations can also be regressive. The design of the revenue return of the pollution
tax has important distributional effects; see West and Williams (2004)."®

Many theoretical and computational studies have evaluated environmental tax
policy in the context of distributional concerns. Arecent review of the economics literature
on inequality and the environment is Drupp et al. (2025). These studies date back at least
to Sandmo (1975), who considers optimal pollution taxation where the social welfare
function is unweighted utilitarian and people differ in their productivity. His theoretical
model demonstrates how the optimal pollution tax is affected by this heterogeneity (see
the first term of his equation 35), and he demonstrates that a higher optimal pollution tax is
more likely when high-income people are polluters and low-income people are "pollutees"
(those harmed by pollution). This theoretical exploration continues in Cremer et al. (1998),

who also consider an unweighted utilitarian social welfare function and consumers

8 See also Baranzini et al. (2017) or Klenert et al. (2018) for discussions of political economy considerations
related to carbon pricing, a dimension which | do not address in this paper.
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differing in productivity, and who also allow consumers to differ in tastes. Their focusis a
justification for a non-linear tax on the externality. Neither of these theoretical papers
explicitly models social preferences for equality through for example a weighted utilitarian
social welfare function.

Other studies have extended theoretical results to numerical simulations to gain
further intuition. Cremer et al. (2003) extend their earlier theoretical paper by calibrating
and simulating their model for the French economy, considering four consumer types. In
this paper, the social welfare function is isoelastic, allowing an inequality aversion
parameter to be included. They quantify how the welfare gains of environmental taxes are
distributed across the four consumer groups under different scenarios and assumptions.
Generally, they find that redistributive concerns cause the optimal pollution tax to be much
below marginal external damages. Abrell et al. (2018) also combine a theoretical model
with computational simulations to explore pollution taxes under distributional concerns; in
their paper the focus is on how taxes can be differentiated across different sectors to
maximize a social welfare function that cares about equity. Jacobs and van der Ploeg
(2019) consider consumers heterogeneous in productivity and pollution damages, and they
find that the optimal pollution tax is higher if pollution damages disproportionately hurt the
poor and lower if the poor spend disproportionately more on polluting goods. Van der
Ploeg et al. (2025) consider how the choice of revenue return for carbon taxes can
influence both efficiency and equity. While many of these studies consider complications

that | ignore, like heterogeneity in consumer productivity, the purpose of my model is to
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explore ethical issues beyond just equity concerns, so | use a very simple specification on
this dimension.

Other studies in public and environmental economics have considered tax design
under equity concerns motivated by the theory of justice as fairness introduced in Rawls
(1971). The incorporation of a Rawlsian framework for optimal tax policy in the economics
literature extends back at least to Howe and Roemer (1981), and the early literature is
summarized in Walraevens (2023). Fleurbaey and Maniquet (2018) argue that many
concepts of policy desiderata, including Rawlsian concepts of justice, can be incorporated
into normative economic analysis through an appropriate social welfare function. For
example, the iso-elastic welfare function is often used and called a "Rawlsian" social
welfare function; as the inequality aversion parameter goes to infinity, it becomes a
maximin function. However, Walraevens (2023) argues that such a welfarist framework is
in fact unfaithful to Rawls. In the context of environmental and climate policy, Becker
(1982) theoretically models optimal environmental policy in continuous time according to
a Rawlsian maximin criterion, and d'Autume et al. (2010) consider a model similar to an
integrated assessment model but with a maximin social welfare function. DeCanio et al.
(2022) use the minimax-regret criterion in climate policy analysis, a criterion that shares
much with Rawlsian notions of equity. In section lll.a. | extend my model to allow for

Rawlsian-style social welfare functions.

A.l.b. Incommensurability
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The argument against pollution pricing based on incommensurability is forcefully
expressed by Elizabeth Anderson (1995). She argues that environmental goods (and other
types of goods) should be valued "intrinsically," as opposed to only instrumentally, and
further that this type of valuation renders the commensurability between environmental
and market goods morally unjustified. The resulting incommensurability casts moral doubt
on any justification for pollution pricing (or any other environmental policy) based on a
cost-benefit analysis that directly compares environmental and market goods. Such
commensurability is underlying normative integrated assessment models (IAMs), like the
DICE model. The imposition of the commensurability between environmental and market
goods extends at least as far back as Krutilla (1967); see Raz (1985) for an early summary of
arguments.

This argument forincommensurability reflects value pluralism - the notion that
different things can have different, possibly incommensurable, types of values — as
opposed to value monism, which is implicitly assumed in much normative environmental
economic analysis. The field of ecological economics is generally more amenable to value
pluralism (Gowdy and Erickson 2005, O'Neill 2017). Martinez-Alier et al. (1998) argue that
incommensurability of values is a characteristic feature of ecological economics; Thoma
(2023) has argued for expanding value pluralism across the social sciences. As even the
defenders of value pluralism admit, the way in which these different types of values can be
evaluated and used to make policy decisions, while still respecting their

incommensurability, is unclear (Anderson 2014).
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Incommensurability is clearly an issue for a Pigouvian justification of pollution
taxation, which explicitly relies on comparing environmental and market goods' values. But
incommensurability may not necessarily yield an objection to any use of pollution taxation,
if the pollution tax or its defender makes no claim about the tax being "optimal" or
Pigouvian. That is, suppose that a pollution reduction goal has been decided, through a
process that respects the incommensurability of different types of goods. Then, regulators
choose to meet that pollution reduction goal through a pollution tax, to take advantage of
the cost-effectiveness benefits that a pollution tax promise. Does this use of a pollution
tax still create issues for those worried about incommensurability? According to Aldred
(2012), itindeed does. His argument is that putting a price on pollution implicitly imposes
commensurability via the implication of social norms. Others disagree; see Page (2011).
The tax that | propose overcomes the Pigouvian type of commensurability that the standard
neoclassical model imposes, though it still falls victim to Aldred's argument since it does in
fact put a price on pollution.

The tax proposed in the text to accommodate incommensurability is reminiscent of
the "standard-and-tax" approach developed by some researchers in the mid-20™" century
and described in Berta (2020). That approach acknowledged the difficulty (near-
impossibility) of calculating a value for marginal social damages that would be required in a
Pigouvian tax. Instead, they proposed independently imposing "acceptability standards"
for pollution levels and then using a pollution tax to reach that level. Defenders of that

approach were unlikely relying on philosophical arguments against commensurability in
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theory and instead were most concerned with the difficulty of making comparisons in
practice. Still, this approach bears similarities with the approach taken here.

One might still object that the expression representing this tax in fact violates
incommensurability arguments, because the value of the environment is directly
compared with values over market goods in that expression. Fair enough. But it must be
remembered that the expression arises from a social welfare function that does not
compare those two types of values. To yield an optimal tax expression, this model relied on
a very specific and mathematically-convenient form of incommensurability: the planner
maximizes welfare over consumption goods conditional on environmental quality meeting
a certain minimum. Other ways of modeling incommensurability may not yield such an
interpretable form of the optimal pollution tax. But this purpose of this exercise was to
demonstrate that, in principle, itis possible to design a pollution tax that respects the
philosophical position of the incommensurability between environmental and other types
of goods. Intuitively, the pollution tax respects that position because it is derived based on
a social welfare function respecting that position; the tax is merely the instrument used to
achieve the socially-optimal outcome. No doubt some philosophers would disagree with
this interpretation. As discussed earlier, Aldred (2012) argues that the enactment of the

pollution tax itself implicitly imposes commensurability.™

A.l.c. Collective Responsibility

9 Kelleher (2025) discussed this issue and many other ethical issues related to the development of a social
cost of carbon.
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Goodin (1994) compares pollution pricing to the Catholic Church's history of selling
indulgences: allowing sinners to escape the moral repercussions of their sins by paying the
church. If polluting, or at least polluting above some acceptable level, is the moral
equivalent of a sin, then allowing a higher level of pollution in exchange for a payment to
the government is morally analogous to religious indulgences (and objectionable).

Mintz-Woo (2022) discusses this objection and refers to it as the solidarity
argument. He in particular applies the objection to emissions trading between rich and
poor countries; if rich countries are not reducing their emissions but instead are paying
poor countries to do so through buying emissions permits, "not everyone will be
contributing in an appropriate manner." (p. 6) The argument, though, is not specifically
aboutrich countries vs. poor countries, nor about rich polluters vs. poor polluters within a
country, but rather more generally about obligations that (perhaps) we all have and how the
structure of emissions pricing allows some of us to evade those obligations.

Collective responsibility as it specifically relates to climate change has been
explored by Vanderheiden (2011) and Hormio (2023), though neither study addresses the
relationship between collective responsibility and carbon pricing. Levi (2021) conducts a
survey on public support for carbon taxes and finds that the most important determinant of
supportis the sense of personal responsibility for reducing climate change. Similarly,
Obradovich and Guenther (2016) find from experimental evidence that emphasizing
collective responsibility for the causes of climate change increases pro-climate donations

and intentions to reduce emissions. However, | know of no study that attempts to
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incorporate the notion of collective responsibility into the design of pollution pricing, as |

do.

A.l.d. Commodification

Critiques of pollution pricing via the commodification argument are found in Paton
and Bryant (2023) and Berta (2023). A review of the commodification of nature literature,
focusing primarily within ecological economics, is in Smessaert et al. (2020).

There is a debate over whether in fact pollution pricing does commodify the
environment. Caney and Hepburn (2011) provide an argument that it does not
(necessarily) do so, since well-designed emissions trading systems grant merely use rights
to the natural environment rather than property rights. Aldred (2012) rejects this argument
and this distinction; a pollution pricing policy is objectionable because it commodifies the
environment via the "rival account of value" (p. 346) that it endorses. Some empirical
evidence on the matter is provided by Kim (2024), who conducts an experiment involving a
fictitious pollutant and finds that hypothetical market-based regulation of the pollutant
does not affect subjects' moral assessment of the pollutant.

If the commodification argument holds, then a policy that puts a price on pollution
through a tax or a tradable permit system is morally objectionable regardless of the
efficiency gains. This moral objection to pollution pricing is more "essentialist" than the
others, in the sense that it is the pricing itself that is objectionable, rather than some
outcome or implication of the pricing. This argument is similar to another ethical

objection, identified by both Caney and Hepburn (2011) and Aldred (2012), which is the
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"pricing what should not be priced" argument. For the purposes of this paper and the
theoretical models, | treat the commodification argument and the "pricing what should not
be priced" argument as identical to each other, though see the two earlier-cited papers for
a discussion on their differences. For my purposes, both arguments can take the
"essentialist" position that itis simply the commodification itself, or the pricing itself, that
is morally objectionable regardless of consequences, e.g. efficiency or equity impacts.

But another aspect of the anti-commodification argument is not essentialist. It
relates to the impact that commodification has on crowding out intrinsic motivations for
protecting the environment. While Heutel and Kelleher (2024) treat commodification and
crowding out as distinct objections to emissions pricing, for my purposes here | consider
crowding out as a potential mechanism through which the commodification argument can
be made. Thatis, one can claim that pollution pricing immorally commodifies nature
based on the fact that this commodification of nature crowds out individuals' intrinsic
motivations to protect nature; this argument can be seen in Frey and Stutzer (2008). As |
explore, this non-essentialist anti-commodification argument will be able to be
accommodated with a pollution tax that recognizes the crowding out of intrinsic motivation
and is designed with it in mind. An essentialist commodification argument, however,

cannot be accommodated with any pollution price policy.

A.ll. Calibration Details

| use the following parameter values in the calibrated simulations (summarized in

Appendix Table A1). | use data on income across the U.S. population to calibrate the



62

income share parameters 6. The report CBO (2008) provides data on total income by
households across capital, labor, and transfer income, with households divided by income
quintile (and into finer divisions among the highest quintile, which | ignore and aggregate). |
use that report’s Table 5 and data for 2005 (the most recent year available). lignore
transfer income and taxes, and instead | focus on pretax labor and capitalincome. For
each quintile, | set the fraction of labor income 6;; to equal the fraction of total wage
income earned by that quintile from CBO (2008). For the fractions of firm profits allocated
to each quintile for the dirty firm (6;,) and clean firm (6;;), | set these to equal the fraction of
total capital income earned by that quintile from CBO (2008). Capitalincome in CBO
(2008) is not disaggregated by source, so | cannot identify the difference in income from
clean vs. dirty firms, and so for each quintile i, 8;, = 0;,. The labor income share varies
from 6;; = 3% to 85; = 50%, and the capital income share varies from 6,, = 1% to 05, =

87%. Forthe income from pollution tax revenue 6;;, | impose that the revenues are

. R 1 1 N
returned equally across the income quintiles, so that 8;;, = — = =for each quintile.?

N 5
For the production function shares for the dirty good sector, Hassler et al. (2012)
report that the factor share of energy in the US economy ranges from about 2% to 6% from
1950 through 2010 (their Figure 1). In my model, if we equate the energy share with the

pollution (E) share, this share corresponds to 1 — k (the exponenton E in dirty good

production). But, because my modelincludes labor but not capital, | scale up 1 — k so that

20 The model only allows for pollution tax revenues to be returned as lump-sum transfers, rather than as cuts
in other taxes like labor or capital taxes (Fried et al. 2024), or to be spent on energy efficiency or other
environmental projects as in the EU ETS (Wiese et al. 2020). Furthermore | only consider lump-sum transfers
distributed according to the fixed 68;; values, rather than the regulator being allowed to adjust this distribution
(Budolfson et al. 2021).
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the energy/labor ratio is about equal to that reported from the data. |thus set k = 0.7. For
symmetry, | use the same exponent on labor in the clean good production sector and set

u = 0.7. The exponents on the clean and dirty good, respectively, in the utility function are
a = 0.3 and w = 0.4. These parameter values are arbitrary but are chosen to ensure an
interior solution in the planner's problem and the decentralized economy. Total labor
supply is normalized so that [ = 1.

The parameter describing the disutility of pollution in the utility function § is
calibrated based on two stylized facts. First, at the efficient outcome, the level of
emissions is 30% lower than it is at the business-as-usual (no pollution tax) outcome. The
30% target comes from recent simulations of “optimal” policy under the DICE-2023 model,
where in 2050 optimal emissions are about 30% lower than business-as-usual (Barrage
and Nordhaus 2024, Figure 1). Second, Paul et al. (2013) report that when carbon is taxed
at social cost, the price of electricity increases by about 33% relative to its baseline value.?!
These two stylized facts allow me to pin down values for the pollution disutility parameter 8
simultaneously with choosing a baseline, business-as-usual value for the emissions tax t.
The reason that the emissions tax requires a business-as-usual value, not simply zero, is
that the model will not solve with a zero emissions tax, since emissions, modeled as an
input, when free will be used in infinite quantity. Thus, | impose a business-as-usual tax

rate 74y representing the market costs of the energy inputs that lead to carbon emissions

21 See their Figure 3, comparing the “High” carbon tax simulation (which most closely corresponds to the
optimal carbon tax reported for 2050 in Barrage and Nordhaus (2024)) with the baseline simulation. Though
their simulation extends only to 2035, not to 2050, this price increase is steady across all years of their
simulation.
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(i.e. fossil fuels). | calibrate this tax rate and § simultaneously so that the optimal
emissions tax rate is 33% higher than the business-as-usual tax (energy price), and so that
the optimal emissions level is 30% lower than business-as-usual. Thisyields f = 0.3 and
Tgay = 0.5135 (both in arbitrary units).

When the number of consumers N = 5, under these parameter values, the optimal
level of emissions solving the planner's problemis E = 0.1278 and the optimal Pigouvian
pollution tax that implements this level of pollution is T = 0.6830 (when the dirty good is
the numeraire so that p, = 1). These values are in arbitrary model units, so | convert them
to real-world units based on the calibration. Since Barrage and Nordhaus (2024) report that
the optimal carbon tax in 2050 is $125 per ton of CO,, in 2019 dollars, | convert the
pollution tax value T so that the difference between the optimal pollution tax and the
business-as-usual tax is equivalent to $125 per ton. | present results on emissions
quantities in terms of how large they are relative to the business-as-usual emissions
quantity. Atthe calibrated values, the optimal emissions quantity is about 67% of the
business-as-usual quantity (slightly below the calibration target of 70% from Paul et al.

(2013)).

A.lll. Additional Equity Simulations

All the plots in the main text of the paper keep the exogenous income distribution
(described by the 8 parameters) fixed, calibrated based on U.S. data as described in
Appendix section A.ll. Here, | present some additional simulations that vary these

parameters to explore how the exogenous income distribution affects optimal policy. In
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Appendix Figure A1, I vary them and simulate how emissions in a decentralized economy
respond to the Pigouvian emissions tax, which does not consider income inequality. For
each of the vectors of parameters describing the income distribution, 6,, 8,, 8;, and 04, |
vary them in the following way. | begin with setting them all equal to constant values (each
element equaling 1/N), representing no income inequality (the left-most point of Appendix
Figure A1). I then linearly change each parameter value until it reaches the calibrated value
used in the main text; this corresponds to a variance in the 6, vector of about 0.14.
Although | linearly vary the parameters in all the income distribution vectors, the x-axis
scale is represented by just the variance in 8,.. Under each set of parameter values, | solve
the decentralized model responding to the Pigouvian emissions tax. According to the
theory, the Pigouvian emissions tax T is independent of these ownership shares, since this
taxis based onjust the planner's problem in which these shares do not appear. Appendix
Figure A1 presents the resulting emissions level for each value of the ownership share
parameters 8, when the emissions tax is kept constant at the Pigouvian level. The
emissions level is not constant with respect to the ownership shares, given this constant
Pigouvian tax . When the income is split exactly evenly (variance of zero), then the
resulting emissions level is identical to that under the planner's problem (about a 66.2%
reduction relative to business-as-usual). But when there is higher income inequality (larger
variance) then the resulting emissions level is lower. This result arises from the fact that
the Pigouvian emissions tax, solved via the planner's problem and thus independent of the
income distribution, will only yield the first-best solution when a regulator also has access

to lump-sum transfers. In this simulation, the emissions taxis the only instrument, and so



66

the variation in ownership shares influences the total level of emissions in response to the
Pigouvian tax; this variation would be absent in the presence of lump-sum transfers.
Appendix Figures A2 and A3 present solutions for the regulator’s problem as the
variance of the income distribution is changed in the same way as it was for Appendix
Figure A1. That s, in these simulations the regulator is choosing an emissions tax to
maximize social welfare given the constraints of the decentralized problem including the
exogenous income shares. The emissions tax that solves the regulator’s problem, as shown
in Appendix Figure A2, varies with the variance in income, decreasing from exactly $125 per
ton (the Pigouvian tax rate) when there is no income inequality to about $121 per ton at the
highest level of income inequality (which corresponds to the tax rate that solves the
regulator’s problem under uniform social welfare weighting in Figure 1). Appendix Figure A2
demonstrates that in fact the emissions tax that maximizes social welfare is not
independent of the ownership shares. A more unequal distribution of income yields a
higher tax rate. But this higher tax rate under the more unequal distribution yields a lower
level of emissions, as shown in Appendix Figure A3. Though the tax rate is lower with a
higher variance in 6, the higher variance in 6, itself means that this lower tax rate results in
slightly lower emissions. Inthe regulator's problem as | have framed it, the regulator can
only choose the emissions tax and has no access to any income transfer, lump-sum or
otherwise. Because of this constraint, the emissions tax must be modified from the
Pigouvian rate in the presence of inequalities that erode social welfare, all else equal, and
the emissions level will not match the first-best emissions level. In unreported simulations,

| confirm that when the regulator also has access to a lump-sum transfer, the chosen
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pollution tax is always the Pigouvian tax, while the magnitude of the transfer depends on

the variance in the income distribution.

A.1V. Alternative Incommensurability Specification

The social welfare function incorporates how consumers value the environment by
including the utility function U;(x;, z;; E). As described earlier, the planner can respect that
consumers value the environment though not directly include the environment in their
social welfare function, according to this approach. But some may argue that this violates
the principle of the incommensurability of values. To explore this further, | consider an
approach where the social planner only considers consumer utility over the market goods
and not over the environment; i.e. the planner uses the following utility function in the
social welfare function: U (x;, z;). In principle, this utility function should be identical to
the utility function that the consumers employ except for omitting the environmental
quality E. In practice, this may be infeasible to implement, for instance if environmental
quality interacts with the consumption of one or both of the market goods as a
complement or substitute. In my calibration, though, environmental quality enters the
utility function U;(x;, z;; E) additively separably from the market goods, so it is

straightforward to remove E to create the alternative utility function Uio(xl-,zi). Under this
specification, the optimal emissions tax becomes T = —p,, [A—V V’(E)]. The environmental
X

quality constraint always binds, so that V(E) = V. In these simulations, the level of the

emissions tax is increasing in V over all values; there is no kink between the binding and
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non-binding portions. This means that for low values of V/, the emissions tax will be lower

than the Pigouvian value, and the emissions level will be higher.
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Appendix Table A1

Para- Description Calibration/Source Value
meter

N Number of consumers 5

0, Income share of dirty CBO (2008), Table 5 [.01,.02,.03,.06,.87]
firm (x) revenue across
consumers

0;, Income share of clean CBO (2008), Table 5 [.01,.02,.03,.06,.87]
firm (z) revenue across
consumers

0; Income share of wage CBO (2008), Table 5 [.03,.09,.15,.23,.50]
income across
consumers

(o Income share of Impose uniform return (6;; = [.2,.2,.2,.2,.2]
pollution tax revenue 1/N)
across consumers

K Labor share in dirty good | Hassler et al. (2012) 0.7
production (Cobb-
Douglas)

U Exponentin clean good Hassler et al. (2012) 0.7
production

a Utility power for dirty Ensure interior solution 0.3
good (x)

w Utility power for clean Ensure interior solution 0.4
good (z)

B Disutility of pollution Target so that first-best 0.3

emissions is 30% lower than
BAU emissions

Notes: This table lists the parameter values used in the base case of the numerical
simulations along with their sources or strategies for calibration.
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Appendix Figure A1

Emissions level in response to Pigouvian tax vs. variance in income distribution
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Notes: The x-axis is the variance in 8, the vector of the shares of the polluting firm’s profits earned by each representative
consumer. Itranges from 0, with no income inequality, to about 0.14, which corresponds to the baseline calibrated values.
The variance in the shares of the other income sources (6,, 0;, 6,4, ) are varied accordingly. The y-axis is the quantity of
emissions that results from the decentralized economy in response to a pollution tax kept at the fixed Pigouvian rate,
expressed as a percentage of the business-as-usual emissions level.
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Appendix Figure A2

Emissions tax, regulator's problem, vs. variance in income distribution
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Notes: The x-axis is the variance in 8, the vector of the shares of the polluting firm’s profits earned by each representative
consumer. Itranges from 0, with no income inequality, to about 0.14, which corresponds to the baseline calibrated values.
The variance in the shares of the other income sources (0,, 6;, 6;,,) are varied accordingly. The y-axis is the emissions tax rate
that solves the regulator’s problem, in 2019 dollars per ton of carbon dioxide.
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Appendix Figure A3

Emissions level, regulator's problem, vs. variance in income distribution
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Notes: The x-axis is the variance in 8, the vector of the shares of the polluting firm’s profits earned by each representative
consumer. Itranges from 0, with no income inequality, to about 0.14, which corresponds to the baseline calibrated values.
The variance in the shares of the other income sources (6,, 0;, 6,4, ) are varied accordingly. The y-axis is the quantity of

emissions that results from the solution to the regulator’s problem, expressed as a percentage of the business-as-usual
emissions level.
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Appendix Figure A4

66% Emissions level, regulator's problem, vs. variance in social welfare weight
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Notes: The x-axis is the variance in the vector of social welfare weights y, ranging from zero (where all the y; values equal one)
to 0.82 (where the y; for the richest quintile is 0.25 and the y; for the poorest quintile is 2.5). The y-axis is the quantity of

emissions that results from the solution to the regulator’s problem, expressed as a percentage of the business-as-usual
emissions level.
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Appendix Figure A5

Emissions level, regulator's problem, vs. 7 in isolestic social welfare function
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Note: The x-axis is 17, the inequality aversion parameter in the isoelastic social welfare function. The y-axis is the quantity of

emissions that results from the solution to the regulator’s problem, expressed as a percentage of the business-as-usual
emissions level.
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Appendix Figure A6

Emissions level, regulator's problem, vs. incommensurable environmental constraint
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Notes: The x-axis is V, the value of the minimum environmental quality constraint in the incommensurability specification. The

y-axis is the optimal quantity of emissions from the regulator’s problem, expressed as a percentage of the business-as-usual
emissions level.
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Appendix Figure A7

Optimal emissions level, planner's problem, vs. civic responsibility constraint
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Notes: The x-axis is R5, the value of the civic responsibility on the richest household, expressed as a percentage of the overall
optimal emissions level (solving the planner’s problem). The constraints on the other four households are kept constant at
20% of the overall optimal emissions level. The y-axis is the optimal quantity of emissions from the planner’s problem,
expressed as a percentage of the business-as-usual emissions level.



