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Abstract

A uniform price for carbon is at the center of market-based approaches to cli-
mate policy. Actual climate policy, by contrast, has many sector-specific rules.
This paper studies the desirability of the market-based approach using tools from
the theory of optimal taxation. It is found that (i) a market-based approach is effi-
cient in that it allows to reach emission targets at minimal costs, and (ii) and that
departures from it can be justified by equity concerns. In the light of this equity-
efficiency tradeoff, a justification of the market-based approach can be given, but it

involves indifference with respect to the distributive consequences of climate policy.
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1 Introduction

Proponents of a market-based approach to climate policy demand a uniform price on CO2
emissions. With a “correct” price, i.e. one that reflects the social cost of carbon, sector-
specific rules are superfluous. They are even harmful because the same emission reduction
could be achieved at a lower cost to society. Actual climate policy, by contrast, is a mix
of sector specific green taxes, sector-specific cap-and-trade-systems and sector specific

1 For the proponents of the market-based approach, this plethora of sector-

regulation.
specific rules appears as a political failure, an inability of the political process to reach
climate policy targets in an efficient way. Against this background, this paper studies the
desirability of the market-based approach to climate policy using tools from the theory of
optimal taxation. We analyze a model in which individuals differ in their incomes and in
their preferences for green versus brown consumption goods. The technologies of firms are
endogenous. Their incentives to reduce the emission intensity of their production depend
on the CO2 prices they are facing. This framework nests as special cases the Mirrleesian
model of optimal income taxation, Ramsey’s model of optimal sector-specific taxation and
the partial equilibrium model due to Weitzman that is typically used to justify the market-
based approach. We clarify that there are somewhat restrictive conditions under which
the market-based approach is justified in the sense that any departure from it implies
a violation of Pareto-efficiency. More generally, however, the market-based approach
cannot be justified without an explicit value judgment. In particular, with “laissez-
fairish” welfare weights the market-based approach seems attractive. Concerns for the
distributive consequences of climate policy cannot be captured by such weights, however.
With such concerns, sector specific rules and hence a departure from the market-based
approach can be justified. Thus, as a main result, this paper shows that a sector-specific
approach to climate policy has a foundation which is as good or as bad as the one of the
market-based approach: Both are justifiable and in both cases the justification requires

an explicit value judgment.

Sketch of the formal analysis. We consider an economy that has three sectors, one
produces an unspecific consumption good, one produces a green good and one produces
a brown good. The brown and the green good are imperfect substitutes. Firms have
decreasing returns to scale and realize inframarginal profits. Their production comes
with emissions and they can exert R&D effort to reduce the emission intensity of their

production. Individuals receive labor income and differ in productive abilities, as in

ITo give examples, the European Union emission trading system (EU ETS) covers electricity and
heat generation, aluminium, cement, and steel works, amongst other sectors. The EU is planning to
introduce a separate emission trading system (EU ETS II) covering buildings and road transport. The
EU moreover has CO2 emission performance standards for cars and vans. In addition there are measures
at the national level. Germany, for instance, has green taxes covering fossil fuels and electricity. One

could go on.



Mirrleesian models of income taxation. In addition, they differ in their willingness to
pay for green consumption goods. Thus, there is a joint distribution of incomes and
preferences for green consumption goods. Individuals also own the firms in the economy
and differ in their share in the economy’s total profits. Some individuals mostly have
labour income, others mostly have “capital income”. Possibly, individuals also differ
in their portfolios, e.g. with some individuals having larger stakes in the brown sector,
and others having larger stakes in the green sector. The government has access to a non-
linear income tax. It’s policy choices are constraint by the need to reach an economy-wide
emission target. To reach the target, firms in the unspecific sector, the green sector and
the brown sector need to reduce emissions. The analysis focusses on the question whether
it is optimal to reach the emission target with sector-specific rules such as sector-specific
emission targets or sector specific taxes. Alternatively, there is a price on emissions that
is uniform across sectors and, if anything, a uniform consumption tax. If that’s the case,
we say that climate policy takes a market-based approach.

There are two special cases of this environment in which the market-based approach
is clearly desirable, in the sense that any departure from it implies a violation of Pareto-
efficiency. In the first special case, all individual characteristics — i.e. preferences for
brown versus green consumption goods, productive abilities and “capital incomes” —
are observable. In the second special case, productive abilities are the only source of
heterogeneity amongst individuals and, moreover, assumed to be private information.
Hence, in the second case, all individuals are assumed to have the same consumption
preferences and to receive the same “capital incomes.” These benchmarks are derived
from a primal approach: Allocations are chosen so as to minimize overall emissions subject
to the requirements (i) of physical feasibility, (ii) to reach a predetermined profile of
utilities and (iii) of incentive compatibility when productive abilities are taken to be
private information.

The main part of the analysis takes a dual approach, however. At the heart of this
analysis is how market outcomes change when climate policy deviates from the market-
based approach. Sector-specific taxes drive a wedge between consumer and producer
prices and there are numerous general equilibrium effects. For instance, labor incomes
depend not just on the properties of the income tax, but also on consumer prices which
change in response to changes of emission or commodity taxes. Also, a tax that increases
consumer prices in one sector shifts the excess demand curves in other sectors with
repercussions for the whole vector of equilibrium prices. Thereby it also affects the
firms’ profits and tax revenue. A key step in the analysis is to show that competitive
equilibria exist and are unique and lend themselves to a comparative statics analysis.
This provides the basis for studying the welfare implications of departures from the
market-based approach to climate policy.

The test for the desirability of the market based approach then proceeds as follows:

We consider a competitive equilibrium that results under uniform commodity taxation



and with a price for emissions that is uniform across sectors. We then employ a generic
social welfare function to evaluate deviations from this policy. Admissible deviations
are those that respect the government’s emission target. The welfare implications of
an admissible deviation are captured by a sufficient statistics formula that highlights
efficiency losses from sector-specific taxes, but also distributive effects across individuals
with different consumption preferences or different sources and levels of “capital income.”
The extent to which these distributive effects are desirable then depends inter alia on the
specification of welfare weights. When there are no welfare gains from a deviation, we

say that the market based approach is desirable. Otherwise, it is not.

The main result. We show that the market-based approach is desirable when two
conditions are fulfilled. First, a condition of distributive indifference. It holds when
the welfare weights are the same across all individuals, irrespectively of whether their
“capital” or labor incomes are high or low, and irrespective of whether or not they spend
much of their disposable income on green or brown goods. Second, the elasticities of the
individual’s labour incomes with respect to tax induced changes of consumer prices need
to be negligible. Note that these conditions are different in nature. The first condition
involves an explicit value judgment. The second condition is a hypothesis on how the
economy works. If both conditions are fulfilled, the market based approach is justified.
Together the two conditions are sufficient for a justification of the market-based ap-
proach. This leads to the question whether they are necessary. The answer is “no”. First,
as explained above, when individuals differ only in productive abilities, the market-based
approach is desirable even when the welfare weights of “the poor” are higher than the
welfare weights of “the rich.” Second, even if the two conditions are not satisfied, it is
conceivable that an empirical application of the sufficient statistics test reveals negligible
gains from a reform towards a more sector-specific climate policy. Whether or not this is
the case turns the question of this paper into a pragmatic one: are magnitudes such that
a deviation from the market-based approach is really paying off? This is then no longer

a question on the principles of climate policy.

Related literature. This paper combines ideas from different strands of the literatures.

The literature on the regulation of externalities often times uses a partial equilibrium
model. The seminal paper by Weitzman (1974) is a prominent example. Firms differ
in their marginal costs of abatement. There is a social benefit of abatement that is
independent of which firm is incurring the costs of abatement. With a tax on emissions
or prices for tradable emission permits, firms will expand abatement up to the point
where the marginal costs of abatement are equal to the tax or the price of an emission
permit. If the tax or the price is equal to the marginal social benefit of abatement, a
first-best outcome results. In particular, marginal costs of abatement are equalized across

firms, with the implication that the economy-wide costs of abatement are minimized. In



this framework, the case for a market-based approach to climate policy is compelling.
Treating firms in different sectors differently can only make things worse.

In the partial equilibrium model, avoiding emissions is the firms’ only activity. This
paper enriches this framework. Firms are producing consumption goods and emissions
are a by-product. The firms’ incentives to avoid emissions therefore depend not only
on how high green taxes or prices for emission permits are. They also depend on the
demand for their final product. In the model introduced below, an increase in demand
goes together with an increased effort to avoid emissions. Therefore also the commodity
tax system — which affects the incentives of consumers to buy one good or another —
matters for climate policy. The comparative statics properties of this framework are
broadly consistent with the patterns documented in Kénzig (2023). At the firm level,
employment, output and emissions are all decreasing when carbon prices go up.

General equilibrium effects are a topic of its own in the analysis of tax incidence. A
seminal paper that focussed on corporate taxation is Harberger (1962). More recently,
Sachs et al. (2020) focussed on general equilibrium effects in the labour market. Boven-
berg and Goulder (1996) present a second best analysis of optimal environmental taxes.
Their setting also gives rise to general equilibrium effects. An important difference to
the analysis in this paper is that Bovenberg and Goulder analyze a model with a rep-
resentative household. Thus, their framework is not suited to studying the distributive
implications of climate policy. Distributive issues are important in the analysis of optimal
environmental taxes by Cremer et al. (1998) and, more recently, Pai and Strack (2022).
Their settings, however, do not give rise to general equilibrium effects.

The alternative to a market-based approach to climate policy is one that is sector-
specific. Optimal sector specific taxes are characterized in Ramsey models of taxation,
albeit with the objective to generate a predetermined level of tax revenue. Here, by
contrast, the focus is on reaching a target level of emissions. Diamond (1975) has used
the Ramsey approach to characterize a welfare-maximizing commodity tax system, taking
into account that some goods are consumed in larger proportion by those with a low
marginal utility of income (“the rich”) and others by those with a high marginal utility
of income (“the poor”). Even though this paper is not using a Ramsey approach, but
allows for non-linear income taxation, some of the welfare implications of differential
commodity taxation resemble those identified by Diamond.

As is well known, the Ramsey approach has been criticized by Atkinson and Stiglitz
(1976). When consumption preferences are such that all individuals would spend a given
amount of disposable income in the same way, then any tax system that involves differen-
tial commodity taxes is dominated by one that relies only on income taxation, see Laroque
(2005) for a simple proof. A related result is proven in this paper. The market-based
approach to climate policy dominates any sector-specific approach under the following
assumption: Individuals differ only in their productive abilities as in Mirrleesian models

of income taxation. As an implication, there is then no heterogeneity in preferences for



green versus brown consumption goods and, moreover, all individuals receive the same
“capital income”, or, equivalently, all profits are taxed at 100 percent. This result is in-
teresting as a benchmark, but the underlying assumptions are not empirically plausible.
Hellwig and Werquin (2023) trace out some of the empirical implications that are implied
by the assumptions of Atkinson-Stiglitz and show that they are inconsistent with actual
consumption data. Ferey et al. (2022) present optimal tax formulas for non-linear income
and consumption taxes that apply when the Atkinson-Stiglitz assumptions are not sat-
isfied. This paper follows Saez (2002) in the modelling of consumption spending: Utility
is additively separable between consumption utility on the one hand and effort costs on
the other. Moreover, the consumption utility part may be different for different individ-
uals. While this nests the Atkinson-Stiglitz specification as a special case, it allows for
heterogeneity in consumption preferences; for instance, it allows for the possibility that
incomes and preferences for green rather than brown consumption goods are positively
correlated.

While this paper uses arguments and techniques from the literature on optimal taxa-
tion, there are still notable differences to the workhorse models in this literature. Here,
the government is constraint by the need to reach an emission target. Also, firms make
profits and make an effort to reduce emissions and these choices depend on the properties
of the tax system. Firm profits are a source of income for some, but not for all households.
Thus, there is inequality in incomes beyond the inequality in labour incomes. A differ-
ence between this paper and much of the related literature in public finance is, moreover,
that there is no attempt to characterize an optimal tax system. Instead, the question is
whether a particular benchmark, the market-based approach to climate policy, is desir-
able. Thus, the focus is on the welfare-implications of deviating from uniform taxes or
uniform prices for emission permits. There is no derivation of optimal tax formulas.

Finally, much the literature on optimal commodity taxes uses a mechanism design
approach. This makes it possible to characterize optimal tax systems without ad hoc
assumptions on the functional form of an optimal tax schedule. It detaches the normative
theory, however, from its positive counterpart. There is then no explicit characterization
of how market prices and quantities respond to changes of the tax system. This paper

uses the dual approach and therefore contains such a characterization.

Outline. The remainder of the paper is organized as follows. The next section intro-
duces the model. Section 3 presents benchmark results for specific versions of the general
setup. In those cases, a market-based approach to climate policy is clearly desirable. The
main result of the paper can be found in Section 4. The last section contains concluding

remarks. Formal proofs are relegated to the Appendix.



2 The model

2.1 Households

Preferences. There is a unit mass of individuals or households. Individuals have pref-

erences that are represented by a utility function

wW(xe, X(Bg, 21)) — k(y1,w)

The consumption utility u depends on two arguments, the quantity consumed of the
unspecific consumption good x., and a subutility x which results from the combination
of green and brown consumption goods, z, and z;. The brown and the green good
are assumed to be imperfect substitutes. As an example, think of z, as “kilometers
travelled by train”, of x;, as “kilometers travelled by plane” and of y as the subutility
from travelling. The function x depends on a parameter 8 so that the willingness to pay
for the green good is increasing in 5. The functions v and y are both assumed to be
homothetic. In parts of the analysis — in particular, for the proof of equilibrium existence

and uniqueness — we invoke the functional form assumptions

U(ZL‘C, X(ﬁxw xb)) - mi_VX(Bxyv xb)y )

and

_1
X(/Bxgaxb) — (Bajgl]—ax + x;-&y) T—ey )

We denote by g, an individual’s labour supply, k£ is an effort cost function, and w is a
measure of productive abilities that affects the marginal effort costs. We assume that the
cross-derivative ki, is negative so that higher w-types have lower marginal effort costs.

Otherwise, k is assumed to satisfy the usual Inada conditions.

Budget constraint. We denote the vector of consumer prices by ¢ = (¢, g4, ). Pro-
ducer prices are given by p = (p,pg,pp). Commodity taxes drive a wedge between

consumer and producer prices so that

ge=(1+t)p. q=(1+t)p, and g =(1+1%)ps.

We are, inter alia, interested in the desirability of differential commodity taxation. Thus,
we consider the possibility to tax green and brown consumption at rates that are different
from t.. When individuals supply y; units of labor, they realize a gross labor income
of py yi, where p,, is the wage rate. Labor income is taxed according to a non-linear
income tax schedule: T; : py, yi — T;(pw yi). The tax schedule 7} is assumed to be twice
continuously differentiable. Possibly, individuals also realize “capital income” from the
shares they hold in the economy’s firms. We write s = (s, s4, ) for a generic portfolio
and II = (II., IT,, IT;)’ for the column vector that list the profits realized in the different

6



sectors in the economy. A generic “capital income” can then be written as the scalar
product s II. The government redistributes net tax revenues R in a lump-sum fashion.
Possibly, this revenue is generated by taxes on CO2 emissions, discussed in more detail

below. Taking all this into account an individual’s budget constraint reads as
Gete+ qetg+ @ < pu i — Tipw y) +s TTF +RE (1)

When individuals choose labour supply and consumption demand they hold expectations
about the profits and the tax revenue that will contribute to their disposable income, as
indicated by the superscript E. When we formally state the definition of an equilibrium

below, we will add the requirement that these expectations are correct.

Utility maximization. Individuals choose z = (x., 24, %) and y to maximize utility
subject to the budget constraint in (1). It will prove useful to decompose this problem
into an inner and an outer problem. The inner problem is to maximize u(x., x(8zg, p))
for a given level of disposable income c¢. Hence, the budget constraint for the inner

problem is
QeTe+qgTg+ @y < C.

For given tax policy, the solution 2* = (z7, z}, zj) to this problem depends on the prices
of consumption goods ¢ = (qc, g4, @), the preference parameter 3, the disposable income
c and the commodity tax system ¢, = (., ty, ). The indirect utility function v is defined
by

v(c, B, q) = u(z;(c, B,q), x(Bxy(c, B,q), w3 (c, B, q))) -
The outer problem is to choose ¢ and y to maximize

v(e, B,q) — k(y,w)
subject to

¢ = put — Ti(pw yi) + s ¥ +RY

Let 0 = (B, w, s) be a shorthand for an individual’s type. The solution to the outer prob-
lem can be written as ¢*(6, 1%, R¥ q,, pw, T1) and y; (0, 1%, R q,, pw, T1). Individual de-

mand for the various consumption goods is obtained by inserting c*(6, 1%, RE . q,, pw, T7)

for ¢ in #3(8, ¢,q), €35, c.q) and «; (B, ¢, ).

Comparative statics of individual choices. With © homothetic the inner problem

can be written as: Choose 2z, = %¢, z; = = and 2, = % to maximize ¢ u(z, X(24, 2))
subject to
QCzn+ngg+szb S 1. (2)



The optimal choices of z = (z,, 2,4, 25) then depend only on the consumer prices ¢ and

the preference parameter 5. Indirect utility is therefore given by

v(e, 8,q) = cul(z:(8,9), x(2,(B:9), %,(8,q))) =: ¢ 0(B,q) - (3)

We henceforth refer to 0(/3, ¢, ) as the marginal utility of disposable income. The following

Lemma (that we state without proof) gives implications of equation (3).

Lemma 1 Suppose that p, y; — T)(pw Y1) i a non-decreasing function of y;.

i) The marginal utility of disposable income is constant:

Uc(@ﬁ?(]) = ﬁ(ﬁaQ) and Ucc(@ﬁvQ) = 07

where v. and v.. denote, respectively, the first and the second derivative of the

indirect utility function with respect to the level of disposable income.
i) The utility-mazimizing labour supply y; does not depend on s., s,, sy, [1¥ and RE.

ii1) The marginal utility of disposable income is increasing in B and decreasing in the

consumer prices qc, qq, and q.

iv) The utility-mazimizing level of disposable income ¢* and y; are non-decreasing func-

tions of B and non-increasing functions of q., qq, and g.
v) ¢* and y; are non-decreasing functions of w.

Thus, the “capital income” that individuals realize and the tax revenues that the gov-
ernment might redistribute are without consequence for individual labour supply. Still
there are income effects. If an individual’s disposable income goes up, the consumption
of all goods scales up.? Put differently, the composition of the consumption basket re-
mains the same as individuals get poorer or richer. Only the size of the basket changes.
Heterogeneity in the composition of the basket is then only due to heterogeneity in the
preference for green consumption goods, parameterized by 5. Higher values of § imply
a higher marginal utility of disposable income. This increases earnings incentives. Thus,
ceteris paribus, individuals with a higher taste for green goods do not earn less than peo-
ple with a higher taste for brown goods. By the same logic, higher consumer prices lower
the marginal utility of disposable income and thus reduce earnings incentives. Finally,
as in Mirrleesian models of income taxation, earnings incentives increase in productive
abilities, so that both disposable income and labor earnings are non-decreasing functions

of w.

2 As is well known, with homothetic preferences, Engel curves — describing how the demand for various

consumption goods varies with disposable income— are linear.



Aggregate labor supply, Aggregate consumption demand. Let &y be the cdf
that describes the joint distribution of productive abilities w, preferences for green con-

sumption § and “capital incomes” s. Aggregate labor supply can then be written as
%(HEu RE; q; Pw), 71l) = E9 [yl*(07 HE7 RE? q; Pw ﬂ)} )

where the operator Ey indicates the computation of an expectation using the distribution
®y. We define the aggregate demand for the different consumption goods analogously.
Henceforth X.(I1¥, R¥, ¢, pw, T1), X,(I1¥, R¥ q,p,, T}) and X,(IT¥, R¥ ¢, p,, T;) denote,
respectively, aggregate demand for the unspecific consumption good, the green and the

brown good.

2.2 Firms

There are three sectors in the economy, indexed by j € {c, g,b}, where ¢ stands for the
sector producing the unspecific consumption good, g stands for the green sector and b for
the brown sector. The firms in any one sector j produce the sector’s final output good,
using labor [ as the only input. In addition, they can invest resources r to reduce the
emission intensity of their production. Firms differ in the cost of the investment that is
needed to reduce the emission intensity of their production. This is meant to capture that
it is easy for some firms to reduce the emissions intensity of their production, for others
it is difficult. The heterogeneity of firms in terms of their abatement costs is important
for the justification of the market-based approach. The presumption is that the market-
based approach is efficient in that it gives firms with low abatement incentives to cut

emissions, whereas firms with high abatement costs pay the price of carbon.

Profit-maximization. The profit-maximization problem of a generic firm in sector j

is to choose [ and r to maximize

pj o fi(l) —pw L —tje (ejo — aj(r)) afj(l) —p.yr, with a;(0)=0.

We now explain the various terms that enter this expression. A firm in sector j, sells
goods at a price p; to the market. The production function f; is assumed to satisfy the

usual Inada conditions. We will sometimes refer to is an iso-elastic production function

1 1-L
fi) = =17

o
where o; is the elasticity of substitution for firms in sector j. Firms in a given sector j
are assumed to differ in their factor productivity @ and we denote by ®7 the cdf that
describes the cross-section distribution of «v in sector j. The wage bill of a firm that hires
[ units of labor is p,,l.
Emissions of CO2 are a byproduct of production. The parameter ejq gives the emission

intensity of a firm in sector j if it does nothing — as captured by the subscript 0 — to



avoid emissions. The possibility of emission avoidance is captured by the function a;. It
is non-negative, increasing in r and concave. It is bounded from above by e;, and satisfies
the Inada conditions. The more resources r are devoted to emission avoidance, the lower
are the emissions ejo — a;(r) per unit of output. Emissions in sector j are taxed at rate
tje. From the firm’s perspective, the tax rate t;. can equivalently be interpreted as a price
for an emission permit. In this interpretation, a firm combines two factors of production,
labor and emission permits, in the production of its final output good. Thus, in the given
setting, the classical question on the desirability of production efficiency® can be posed as
the question whether an optimal policy should distort the relative prices of labor inputs
and emission permits away from some first-best benchmark. Below, we will get to the
question what an appropriate first best benchmark is in this case.

The parameter « is a measure of how many resources a firm needs to invest to achieve
a given level of emissions reduction. Firms with high ~ have a high cost of emission
avoidance. We denote by @% the cdf that describes the cross-section distribution of ~y
in sector j. The cdf ®; describes the joint distribution of o and v in sector j. We
treat the unspecific consumption good as a multi-purpose good that can be used both
for consumption and for investments into emission avoidance. Thus, a firm that wants
to reduce its emission intensity by a;(r) needs to spend v r.

A firm’s decision how much labor to hire and hence how much to produce and its
decision how much to invest into emission avoidance are interdependent. Consider the
first order conditions that characterize the profit maximizing choices [* and r*. The first

order condition for the choice of labor inputs is

(s = tieleso —as ")) @ (1) = pu, (4)
and the first order condition for emission avoidance is
PecY
- t’e . 5

These are two equations in two unknowns. In the absence of emissions taxes, the first
order condition in (4) is the familiar condition that the value of the marginal product of
labor is equal to the wage rate. With an emissions tax, the value p; is reduced by the
emission costs that come with an expansion of employment and production. These costs
are lower the more the firm invests into emission avoidance. Thus, a higher level of r*
goes together with a higher level of [*. The first order condition in (5) also gives rise
to a complementarity between output and employment on the one hand and emission
avoidance on the other. It has, on the left hand side, the marginal cost of avoiding
one unit of emissions and, on the right hand side, the price of an emission permit, or
equivalently, the taxes that can be saved when one unit of emissions is avoided. An

inspection of (5) shows that a higher level of [* reduces the marginal cost of avoidance.

3See Diamond and Mirrlees (1971).
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Hence, firms who opt for a larger scale of production also devote more resources to the

avoidance of emissions.

Comparative statics of firm behavior: Output, Employment, Investment and
Emissions. To understand how form behavior changes when taxes and prices change
it is useful to decompose the firm’s profit-maximization problem into an inner and an
outer problem. For the inner problem, the employment level [ is taken as given and the

firm chooses r to maximize

—tje(ejo — a;(r)) afi(l) —peyr

The solution to this problem is denoted by 7*(I, pc, tje, 7). It is straightforward to verify
that r* is increasing in [ and ¢;. and decreasing in p. and 7. The outer problem then is

to choose | to maximize

pj a fi(l) = pul = tje (ejo — a;(r*(1,-))) afi(1)) —pe v (1) -

We denote the solution to this problem by I*(p;, pw, P, tje, 7, @). It is straightforward to
verify that [* is increasing in p; and o and decreasing in p,,. The complementarity of the
investment and the labour choice implies, moreover, that [* is decreasing in p. and 7, as
r* is decreasing in these variables.

1
Lemma 2 Let f;(l) = _ill 7i. Denote profit-maximizing emissions by

1-=
J

& (1 s Pes e 72 @) = (g0 — alr " (1°(), ) ) @ ().

The function €} has the same comparative statics properties as the function [*: It is

increasing i p; and o and decreasing in p,, and t;.. It is decreasing in p. and 1.

Thus, essentially, at the level of an individual firm, the comparative statics of emissions,
output, employment and investment all have the same sign. Anything that makes the
firm expand output, employment and investment also implies more emissions. Anything
that makes the firm reduce emissions goes together with a down-scaling of all its economic
activities.

These comparative statics results can be related to discussions on whether the “green
transformation” of the economy — the change of technologies so that production processes
become cleaner — can be a source of economic growth. Through the lens of the model, the
answer is “no” if the comparison is to a benchmark economy that has emissions which
are too high. A change of policy that brings down emissions will then also bring down
output, employment and investments into greener technologies. The answer is “yes” if
the comparison is to a benchmark economy that has to cut emissions while operating with
fixed technologies. The possibility to invest then implies that output and employment
are higher than they would otherwise be.

11



What distinguishes the green sector from the brown sector? So far the sector
names “unspecific”, “green” and “brown” have been labels with no meaning. There are
different conceivable ways to distinguish sectors according to how dirty they are. One

conceivable order is according to how dirty they are. For instance, if for any given r,
ero — ap(r) > e —ac(r) > eg—ay(r),

then, emissions per unit of output are largest in the brown sector and smallest in the green
sector. An alternative is to order them according to their marginal cost of avoidance. If

for any given «, ~, [ and r,

g >+> v

ay(r) a fi(l) ag(r) a fe(l) ag(r) o fo(l) °

then the marginal avoidance costs are lowest in the green sector and highest in the brown
sector. The analysis in this paper does not presume that it is possible to order sectors in

this way, but it is consistent with such a possibility.

Aggregation. For later use in the analysis of competitive equilibria, we define labor
demand, goods supply and the demand for emission permits both at the sector and the
aggregate level. We start from with individual firm behavior. The choices of a firm in
sector j depend on its characteristics 6; = (o, ), the prices (p;, py) it is facing and the
sector specific tax t;.. We denote, respectively, by I*(0;, pj, pw, tje) and r*(6;, pj, Dw, tje)
the firm’s labour demand and the resources that it invests to avoid emissions. The firm’s

supply of good j is then given by

Y; (05,05, Pws tie) = afi(I"(6;, 05, Pw, tje))
and its emissions are equal to

(05,0, Pw, tie) = (ejO - aj<r*(9j7pjapw7tje))> Y; (05,15, Pws tje)
where

Y7 (05, p5, Pu, L)

is the firm’s investment into a greener technology, measured in expenditures for the

unspecific consumption good. Profits are then given by

Wj(ejapjvpuntje) = p] y;(ejﬂpjapw7tje) — Pw l*(ejapjapuntje)

—Dc Y T*<9j7pj7pw7tje) — e e*(eﬁpj’pw’tje) )
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Labor demand, goods supply, emissions and profits at the sector level. Let
®; be the cdf that represents the distribution of firm characteristics in sector j. Total

labor demand by firms in sector j is denoted by
Lj(pjapwa tje) = Ej [l*(9j7pjva7tj€>] .

Analogously we define by Y;(p;, pw, tje) the sector’s goods supply, by &;(p;, pw, tje) the
sector’s demand for emission permits and by R;(p;, pw,tje) the sector’s demand for the

unspecific consumption good. Profits in sector j are denoted by IL;(p;, pu, tje)-

Aggregate labor demand and the aggregate demand for emission permits.

Aggregate labor demand is given by

L(papwate) = Lc(pcapwa tce) + Lg(pcypgapwytge> + Lb(pcapbapwytbe)

where t. = (tce, tpe, tge) is the collection of sector-specific emissions taxes. Analogously,
we denote the overall demand for emission permits by £(p,t.), the resources devoted to

the greening of technologies by R(p,t.) and by

H(p7pwa te) - (Hc(pcupun tce)a Hg(pcapgnpwa tge)a Hb(pcapb;pwa tjb))

the vector of sectoral profits.

2.3 Government

Overall tax policy consists of collection of taxes that appear in the individuals’ budget
constraints (t.,t,.t;,7;) and the emission taxes t. = (fce, tee, tge) that affect the choices
of firms. Differential commodity taxation is reflected in the possibility to tax green
and brown consumption goods at rates that differ from t.. Sector-specific taxation is
captured by the possibility to tax CO2 emissions at sector-specific rates. We use T =
(te, ty-tg, 11, t.) as a shorthand for overall tax policy. We assume that there is a national

emission target £

E(p, puste) < E. (6)

and that the government considers only policies which reach this target.* Tax revenue,

of any, is rebated lump sum. Given a tax policy, a price system, and expectations about

4In political practice, it is disputable whether the national emission targets associated with the Paris

climate conference are really binding.
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tax revenues and profits I[1¥ and R, aggregate tax revenue R(p, p,, T) is given by

R(pvaa T) = tepe XC(HE7 RE7 q;Pw, T‘l)
+ tg pg XQ(HEvREa%pwaTl)
+ tb Do Xb(HE7RE7q7pw7E) (7)

+ E9 7—‘l(p’w y;k(HvHEaREacZapwvﬂ))

+ Zje{c,b,g} tie Sj (pjvaatje) :

By the following Lemma, there is and only one level of expected tax revenue RY that is
“correct”, i.e. consistent with the way in which actual tax revenue depends on expected

tax revenue. The proof follows from an application of Brouwer’s fixed point theorem.

Lemma 3 Suppose that there is an upper bound R on the tax revenue that can be col-
lected. Suppose that all consumption goods are normal goods. Then, for given prices

D, Pw, taz policy T and expected profits I1¥, there is one and only level of tax revenue so

that R(p, pw, T) = R”.

2.4 Equilibrium

Given a tax policy T, a price system (pu, Pe, Pg, Do) is an equilibrium price system if the

following conditions are met: The labor market clears,
L(p, pute) = Yi(IT", R”, ¢,p, T0) ,

the goods markets clear
X%, RY. q,pu, Th) + R(p, pus te) = Ye(Pes Pus tee)

Xg(HE7REaQ>pwaE) = }/;](pgapcapwatge) y

and

Xb(HE7RE7 q; Pw, E) = %(pbvpcapuntbe) )

and expectations are correct
RE = R(pvpunT) and " = H<papwate) )
where R(p, p,T') is defined in equation (7) and II(p, p,, t.) is the vector that lists aggregate

profits in the different sectors of the economy.
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Lemma 4 If the goods markets clear and expectations are correct, then the labor market

clears.

The lemma, which is simply a version of Walras’ law for the given economy, simplifies the
equilibrium characterization. If all goods markets clear and expectations are correct, the
labor market clears too, so that the equilibrium characterization can focus on the goods
market clearing conditions.

In the following we provide a proof of existence and uniqueness under the assumptions

that the consumption utility function u is Cobb-Douglas, i.e.

u(ze, X(Brg, ) = 955”)((5%@17)” .

and that the subutility y gives rise to a constant elasticity of substitution,

1
X(ﬁa Ly, xb) = (ﬂfﬂ;isx + l‘;_e){) T—ey .

Proposition 1 Under these assumptions, the following is true: There exists U so that

for v < v, for any vector of tax rates, there is a unique equilibrium price vector.

The assumption that v is small implies that labor market outcomes, disposable incomes
and earnings do not depend much on the prices of the green and the brown good. Under
these assumptions, the excess demand functions constructed in the proof of the Proposi-
tion have the property that they are monotonically decreasing in the “own” price, while
still depending, in a parametric way, on the prices of the other goods. The properties
of demand implied by the assumption of a constant elasticity of substitution then imply
the existence of a unique equilibrium price vector. More specifically, the formal argu-
ment in the proof proceeds as follows: We take the wage rate as the numeraire, so that
only the prices p., p, and p, need to be determined in equilibrium. We then fix p, and
P at arbitrary levels and show that there is unique price p, that clears the market for
the green good. As we vary p,, this partial equilibrium value of p, adjusts. So, there
is a possibility to vary both p, and p, while keeping the market for the green good in
partial equilibrium. We further observe that any variation that involves a higher/ lower
level of p, lowers/ increases excess demand in the market for the brown good. Thus, we
can bring the market for the brown good into partial equilibrium, while maintaining the
partial equilibrium in the market for the green good. All this holds for arbitrary values
of p.. As a final step we bring p. to the level that clears the market for the unspecific
consumption good while adjusting p, and p, so that both the market for the green good
and the market for the brown good both remain in partial equilibrium. Ultimately we
have found a general equilibrium price vector in this way. The monotonicity of excess
demand functions in their “own” price implies, moreover, that this general equilibrium
price vector is unique.

Proposition 1 serves a modest purpose. It assures us that there is a way to specify

the primitives of the model so that equilibria exist and are unique. A more general
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proof of existence and uniqueness does not seem to be available. By the Sonnenschein-
Mantel-Debreu theorem, excess demand functions have little structure in general. For an
exchange economy with two goods and CES consumer preferences a proof of existence and
uniqueness can be found in Mas-Colell et al. (1995). Proposition 1 extends this result
in various ways: There is production, and there are profits in equilibrium, there are
three rather than two consumption goods, there are linear taxes on both inputs (emission

permits) and outputs and there is a non-linear income tax.

3 Benchmarks

3.1 First-best

Let there be a given utility profile Uy : 6 — Uy(#). We say that an allocation is first best
if it is physically feasible and reaches this utility profile with minimal emissions. Thus, a
first-best allocation solves the following problem: What has to be chosen are labor supply
Y+ 0 — y(0) and consumption levels z. : 0 — x.(0), x}, : 6 — x,(0) and x, : 6 — x,(0) for
the different types of households. In addition, for every sector j € {c, b, g} and every type
of firm 6; = (a;,7;) in that sector, labor inputs and resources devoted to the abatement
of emissions need to be chosen. This is captured by the functions {; : 6; — [;(6;) and

rj : 0; — 1r;(6;). The objective is to minimize
Y. & = ) E [<€0j - aj(ﬁ(%))%fj(lj(@j))}
je{eb,g} je{eb,g}

subject to the following constraints: First, the chosen allocation needs to reach utility

profile Uy. Formally, for all 6,

u(@e(0), x(Bg(0), 2(0))) — k(y(0),w) = Un(0) . (8)

Second, the labour used up in the production process is bounded from above by the

amount that households make available,

> EilL9)] < Eoly)] (9)

Jj€{cb.g}

Third, aggregate consumption is bounded by the production sector’s (net) output of the

various goods. For the unspecific consumption good this requires that

Ew[{lfc(UJ)] < Ec[acfc(lc(ec))] - Z Ejh/jrj(ej)] : (10)

Jj€{e,b,g}

For the green and the brown good the constraints are, respectively,

E [rg(w)] < Eylagfy(ly(0,))] and E[mp(w)] < Eplapfi(l6(0s))] - (11)

Proposition 2 At a solution to a first-best problem:
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i) The marginal costs of emission avoidance are equalized: For any j, k € {c,g,b},

and any pair 8; = (oj,7;) and 0 = (g, Vi),

i _ Tk (12)

a(ri(0;))e; f;(1;(05)  ap(re(On)) o fi(le(Ok))

ii) The marginal rates of substitution between any pair of consumption goods are equal-

1zed across households.

iii) The marginal rates of substitution between consumption goods and effort costs are

equalized across households.

We omit a formal proof, which can be obtained with standard arguments from a La-
grangean approach. Upon relating the conditions that characterize a first-best allocation
to those that characterize a competitive equilibrium allocation we obtain the following

Corollary.

Corollary 1 With sector specific CO2 prices or differential commodity taxation or non-

linear income taxation, a competitive equilibrium allocation is not a first best-allocation.

As is well known, with private information on preferences or abilities, first best allocations
that involve redistribution in favor of “the poor” are typically not incentive-compatible.
First-best allocations that are incentive-compatible have distributive implications which
may be deemed problematic. This is the root of the equity-efficiency trade-off in the
Mirrleesian theory of optimal taxation. It is concerned with a second-best problem,
welfare-maximization over the set of incentive-compatible allocation. As we will now
see, when incentive compatibility constraints need to address only private information
in productive abilities, then every-second best allocation is compatible with the market-

based approach.

3.2 Second-best with heterogeneity only in productive abilities

Assumption 1 Suppose that all individuals have the same preferences over consumption
goods, i.e. 3 is the same for all. Also suppose that all individuals have identical claims on
the profits generated in the economy, i.e. s is the same for all. Thus, individuals differ

only in their productive abilities w.

Under Assumption 1, there is heterogeneity only in productive abilities. Labor earnings
and household consumption can therefore more simply be described as functions of w,
rather than as functions of the triple # = (0, s,w). When productive abilities are, more-
over, private information incentive compatibility constraints need to be respected. Let
Up : w— Up(w) be a given utility profile. Incentive compatibility requires that for every

pair w and w’ in the set of ability types 2, we have
U<w) > U'O(w/) - k(yl<w/)7w) ) (13)
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where ug = w +— ug(w) is the profile of consumption utilities. The second-best problem is
otherwise as the first-best problem stated above; i.e. an allocation is chosen to minimize
total emissions subject to the constraints of physical feasibility and the requirement to

reach a given profile of utilities.

Proposition 3 Under Assumption 1, at a solution to a second-best problem:

i) The marginal costs of emission avoidance are equalized: For any j, k € {c,g,b},

and any pair 8; = (a;,7;) and 0, = (ag, Vi),

i . Yk
a;(r;(0;))a; f5(1;(0))  al(ri(On)) o fr(lk(0k)) (1)

it) The marginal rates of substitution between any pair of consumption goods are equal-

1zed across households.

Corollary 2 Under Assumption 1, a competitive equilibrium allocation with sector-specific

emission taxes or differential commodity tazation is not a second best-allocation.

Non-linear income taxation is no impediment for reaching a second-best outcome. While
a second-best outcome requires that marginal rates of substitution between consumption
goods are not distorted away from the marginal rates of transformation prevailing in
the production sector, the marginal rate of substitution between consumption utility and
effort costs can be distorted by a non-linear income tax. Second-best allocations under
Assumption 1 may therefore involve substantial redistribution.

Assumption 1 is interesting as a benchmark, but it is not empirically plausible. Em-
pirically, income and wealth are correlated and green tastes seem to be more prevalent
among “the rich.” Therefore, in the next section, we revisit the question on the desir-

ability of the market-based approach without imposing Assumption 1.

4 A Test for the desirability of the market-based ap-

proach to climate policy

The benchmark results of the previous section where obtained through a primal approach.
That is, allocations where chosen subject to feasibility and, possibly, incentive constraints.
With the primal approach, market prices are not explicitly modelled as functions of tax
policy. We now return to the competitive equilibria that were defined in Section 2 and
take a dual approach; i.e. we will study what a deviation from the market-based approach

implies for market prices and equilibrium quantities, including emissions.

Admissible deviations from the market-based approach. The test for the desir-

ability of the market-based approach then proceeds as follows: We consider a competitive
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equilibrium with (i) uniform emissions taxes, (ii) uniform commodity taxes, (iii) an ar-
bitrary income tax schedule which are specified such that the emission target is reached.
We then consider deviations from uniform emission taxes and/ or uniform commodity
taxes and evaluate them with alternative social welfare functions. The evaluation focusses
on deviations that respect the emission target; i.e. we will consider only deviations to

policies 7 with the property that
g(p*(T)a te) =£ ) (15)

where, here and henceforth, we suppress the dependence of endogenous variables on the
wage rate p,. By Walras’s law (recall Lemma 4), we can set p, = 1 without loss of

generality.

Measures of social welfare. An additive utilitarian social welfare measure is given
by

W = Eolg(0) U(9)],
where

U(0) = u(ze(0), x(8, 74(6), 26(0))) = k(y(6), w) -

is the utility realized by a household of type 6, and g : 8 — ¢(0) specifies welfare weights
as a function of the individuals’ types.

As will become clear, in the given setting, generalized welfare weights, see Saez and
Stantcheva (2016), have an intuitive appeal. Assume that the welfare weights carry an

additional argument, the marginal utility of disposable income. Specifically, let

1
(5, ¢x)

When used for policy evaluation, such weights imply that individuals with different pref-

9(0(B,4s),0) = g(0) .

erences for green vs brown consumption goods but an equal disposable income have the
same weight.
For later use, we introduce the following shorthands: For the social marginal utility

of disposable income of type 6 we write

g(0(8,4.),0) == g(v(8,4.),0) ¥(B, qz) -

The population average of this quantity, sometimes also referred to as the marginal value
of public funds, is denoted by g := Ey[g(0(-),0)]. Finally, the social marginal utility of

income for the recipients of “capital income” from sector j is g, := Eg[g((+), 8) s;].

19



The test. The test now proceeds as follows: let 71 € {t., 1, th, tees tge, toe} and m €
{tc.tg, o, tee, tge, toe } be two different tax rates. A policy change that respects the emission

target needs to satisfy
871d7'1 + 57-2(1’7'2 =0

or

dTQ 57—1

dn &,
where &, and &,, are, respectively, total differentials. They give the marginal impact on
total emissions when the levels of the tax instruments 7; and 7, slightly increases.> For
the sake of the argument, let dm; > 0 and dm, < 0. The welfare-implications of such a

policy change are positive if
WTldTl + W7—2d7'2 >0

or, equivalently, if

€,
WTl — W7—2 (5—T2) >0,

where W,, and W,, are, respectively, total differentials of a given welfare measure.

Note that this test does not involve the solution of an optimal tax problem. There
still is a similarity. At a solution to an optimal tax problem with the requirement to
reach a given emission target, the ratio % has to be proportional to the ratio KVV—:;.GS
The test exploits the observation that a lack of proportionality gives us the possibility
to reach a higher level of welfare while respecting the emission target. The test can be
performed, however, without having to take on board regularity conditions which ensure
that a solution to an optimal tax problem is well defined. We only need to evaluate
deviations from a given competitive equilibrium allocation. In particular, we can proceed
with no need to discuss the thorny and somewhat esoteric issue what welfare weights

would look like at an optimal welfare-maximizing allocation.

Welfare implications of policy changes. The following Lemma is the key ingredient
for our ability to actually perform the test. It gives the welfare implications of policy
changes starting from an arbitrary competitive equilibrium allocation. This character-
ization of welfare implications takes the form of a sufficient statistics formula; that is,
welfare implications can be computed when market outcomes (prices and quantities) are
known, when estimates of the elasticities are available that capture how market outcomes

change when taxes change, and when welfare weights have been specified.

5The total differential is the sum of a direct effect that a tax increase may have on emissions and of

an effect that comes from changes of equilibrium prices in response to the change of the tax rate.
6This can be shown using a Lagrangean approach.
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Lemma 5 For 7 € {t.,ty,ty,tee, toe, tge}

W, = =3, % Coulg(a(),0), 25()

+8 2;(q(T) —pj (7)) X5 ()
+2D (g, — g)Y7 () — 5, (80, — 21 75()])

dp* (T _ _ % dpr (T — — *
+ 80 g, e X)) + B (g, —g)X;()

+8 Eo[T/ (47 (-, 0))yi. (-, 0)]
+8 > tie €5, ()

+22, 1 = 75e) (8 — 8, & ()

where X, X> and X; are total differentials of equilibrium quantities, y;;.(-,0) is the

cT?

total differential of equilibrium labor supply for an individual of type 0 and &, is the total

differential of equilibrium emissions in sector j.

The Lemma highlights that a change of taxes has distributive effects and it involves
efficiency losses. The distributive effects involve term that relates the social marginal
utility of income of a subset of individuals to the population average. Efficiency losses,

by contrast, are due to the changes of equilibrium quantities.

Distributive effects. More specifically, suppose that the consumer price of good j goes
up when some tax rate changes. When good j is mainly consumed by households with
a low social marginal utility of income, so that Cov(g(9(:),0),z;(-)) < 0, then the fact
that these households have to pay more for their consumption tends to raise the welfare
measure. For instance, when there is a positive correlation of the taste for green goods,
as measured by [, and labour income, as measured by w, and if welfare weights simply
depend on disposable income, then this covariance is positive for the brown consumption
good and negative for the green consumption good. The signs would be reversed with
welfare weights that are “green” in the sense that people with a higher share of the green
good in their consumption basket receive more weight than people with a larger share of
the brown good.

Alternatively, suppose that the producer price of good j goes down. This tends to
increase welfare if those who receive “capital income” from sector j have a welfare weight
that is lower than the one of the average person. This is the case when there is a positive
correlation between “capital income”, as measured by s;, and labour income and when
welfare weights are monotonic in disposable income. Alternatively, with welfare weights

that are pro-business in the sense that people with “capital incomes” receive higher
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weights than the average person, a reduction of producer prices and hence profit margins
tends to lower welfare.
The term
D T =708 — &n,)E ()
J
shows that the same logic applies to the evaluation of higher taxes on emissions. If the

business owners who have to pay these taxes receive below average weights, this is a plus

for welfare, otherwise it is a minus.

Efficiency losses. The term
g > (g(T) = p(THX;.()
J

is the general equilibrium analogue to Harberger’s famous triangle. Commodity taxes

drive a wedge between consumer and producer prices. Therefore they crowd out economic

transactions that would be mutually beneficial with lower taxes: X7 () is a measure of

the volume of transactions that are lost in the market for good j when taxes change and

q;(T)—p;(T) is a per unit measure of the gains from trade that are lost as a consequence.
The term

g > ti &l
J

captures that the volume of emissions changes when taxes change. While a reduction of
emissions helps to reach the emissions target, it also implies a loss of tax revenue and
hence of welfare.

Finally, changes of the tax system affect consumer prices and thereby the marginal
utility of income. This affects earnings incentives on the labor market and hence the tax

revenue that comes through the taxation of labour incomes. This is what is picked up by

Sufficient conditions for the desirability of the market-based approach. Lemma
5 is based on an arbitrary competitive equilibrium. We now specialize this further and
consider the competitive equilibrium that results when climate policy takes a market-
based approach. We assume that carbon taxes and commodity taxes are uniform. Thus,
there is a number Z,, so that t;. = ., for all j. We also let t, = t, = t, = 0.” Consequently,

efficiency losses from commodity taxation vanish

g > (@(1) —pi(DNX() = 0.

J

“Consider the budget constraint of the inner problem: g.z. + qgxg + @xy < c. With uniform
commodity taxation — i.e. t. =ty = t;, =t — this can be written as p.w. +pyry + ppry < l—frt where
c=pwy — Ti(pwyr) + s IIF¥ + RE. Thus, upon adjusting T}, s and § we can reinterpret the status quo

as one that has no commodity taxation at all.
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We now add a condition of distributive indifference: Welfare weights are the same for

all individuals; i.e. for all 6,

If this condition holds, only aggregate disposable income matters for welfare. An ad-
ditional euro of disposable income in the hands of “the rich” is then as valuable as an
additional euro in the hands of “the poor”. Consequently, all distributive terms disappear

from W, and we are left with

W = & (B (0] + tE).
where &7(1) = >, &5.().

Finally, we add the assumption consumption or emissions taxes do not distort labour

supply, so that, for all 6, y; (-,6) = 0, and hence

EG[TZI(?/NW 9))3/;7—('7 9)} =0.

It is an empirical question whether or not this assumption is a good approximation for
how individuals behave. If the taxes primarily affect goods that have a small budget
share, then it is conceivable that labour supply does not respond much.® Under this

assumption, we have that
W, = gt.&x(),

and the test for the desirability of the market-based approach yields

&\
W - wa () 0.

Hence, there is no reason to deviate from the market-based approach. The following

Proposition summarizes this discussion.

Proposition 4 Consider a competitive equilibrium induced by a market-based approach

to climate policy. Under the assumptions of
i) distributive indifference and
it) no distortions of labour supply

there are no welfare gains from departing from the market-based approach.

8 As argued in the proof of Proposition 1, with
1
_ _ 1— T—c
(e, X(Bg, 7)) = T2 X (Brgy2)” and  x(B,z4,1p) = (Bxé X 4y 6") )
in the limit case v — 0, the marginal utility of income depends only on .. Thus, for v very small,
changes of ¢, are akin to changes of marginal tax rates, and therefore one would expect a behavioral
response, whereas changes of ¢, and ¢, are almost without consequence for the marginal utility of income

and hence shouldn’t have an impact on labour supply.
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Can the market-based approach be desirable under alternative assumptions?
Proposition 4 gives sufficient conditions for the desirability of the market-based approach.
This raises the question whether these conditions are also necessary. The answer is
“no.” By Proposition 3, with heterogeneity only in productive abilities, the market
based approach is desirable even when welfare weights for “the poor” are larger than the
welfare weights for the “rich.”

Moreover, even when there is a non-degenerate joint distribution of preferences for
green consumption, “capital incomes” and labor incomes, an empirical application of the
sufficient statistics approach may bring the result that the welfare gains of departing from
the market-based approach are small. To illustrate this possibility, note that we can write

the welfare implication of a tax change as
& ()
_ net = . J
W, = W +thje o
j
where W is the welfare impact net of its impact on the level of emissions. Using this
notation, the condition for a desirability of moving away from the market-based approach
can also be written as
£,
we o () o
&
The assumptions of i) distributive indifference and ii) no distortions of labour supply

imply that W' = 0, so that no such gains exist. It is logically possible that
&
net net T
Wi =W (—g;)

is (close to) zero even if WP # 0 and W2 # 0. Whether or not this is the case can
only be answered by bringing the theory to data.

5 Concluding remarks

This paper has shown that climate policy is confronted with an equity-efficiency trade-off.
A uniform price on carbon is efficient in the sense that it allows to reach national emission
targets at minimal costs. At the same time, deviations to a sector-specific climate policy
can be justified by distributive concerns. While such a deviation has an efficiency cost it
may improve social welfare.

A market-based approach to climate policy has advantages of simplicity and account-
ability. Those are not captured by the welfare analysis that is presented in this paper.
With a uniform price for carbon there is a clear mapping between one policy instrument
and one policy goal. It is then very clear what need to be done when emission targets

are missed. The price for carbon needs to go up.
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Still, as we have argued in this paper, the distributive implications of such an approach
may be perceived as unfair. Possibly this is an explanation for the lack of political
support and the protests that are spurred by plans for more ambitious climate policies.
Reaching emission targets in a politically feasible way may therefore require a sector-
specific approach. A more systematic analysis of the conditions under which climate

policy can attract majority support is a topic fur future research.
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A  Proofs

Proof of Lemma 2

The first order condition of the outer problem can be rewritten as

(co—a(agyr) = POTTIZPe

tje

or, using that f;(1) = ill_aﬁ’

1
(o — alm)af;()—= =
Hence

pj e f (") = pul” (1 - %) B

Lje

Note that e* is increasing in [*: The derivative of the right hand side with respect to [*

equals

-1
1 (pjaf]’-(l*) — P (1 - i) ) > ti (psafj(I*) = pw) >0
je

tje O'J

Thus, emissions go up if (i) p; increases, (ii) p,, decreases, or (iii) ¢,. decreases. The direct
effect and the effect via [* have the same sign. All other parameters affect emissions only

via [*. In any case, the effect on [* has the same sign as the effect on e*. U
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Proof of Lemma 3

Inserting R(p, pw, T) for RE in the right hand side of equation (7) turns this equation
into a fixed point equation that can also be written as

G(p) = tepe X(IT%, p,q, pu, Th)
+t9 pg XQ(HE7 P54, Pw, T’l)
+tb Do Xb(HE7 P54, Pw, ﬂ)

+E0 ,I‘l(p'w yik(@aHEapa(praTI))

+ Zje{c,b,g} tie gj (pjapwa tje) :

Step 1. We first show that, for all p, G'(p) < 1. To see this, note that G(p) can also be
written as a sum of the tax revenue due to individuals and the sum of tax revenue due
to firms.

G(p) = Grlp) + Gr ,
where
GF = ZjE{C,b,g} tje g](p]’pW7t]e) .
does not depend on p and

Gilp) = tepe X7, p,q, puw, T1)
+tg Py XH(HEvpchapwaﬂ)
+t, po Xp(I1%, p, ¢, pu, 1)

+E€ [E(pw yl*(87 HE7 P, Q7pw7TI)):| .

can also be written as

Gilp) = Eo[T(0.p)] .
where

T<97p) = ﬂ(pw yl*(ea]:[E?p?qvaaTI))—i_ Z tjp] x;(ﬁ70*(‘97HE7P7')aQ)

Jj=c,g,b
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are the tax payments of a type #-individual, interpreted as a function of exogenous tax
revenue p, holding fixed the economy’s price and tax system. From the individual’s

budget constraint we have that

Clp,0) +T(0,p) =Z(6,p) +p, (16)
where

Z(0, p) = pw 4 (0,117, p, o, ¢, T1) = Tiy; (0,117, p, pu, ¢, T0)) + 8 TL(p, pu, te)

is the sum of the individual’s net labor and “capital income” and

C<1070) = DPc xz<570*(97HEapa')7Qx)
+p9 IL‘;(ﬂ, C*(07 HEv Ps ')7 Qx)

+pb x;; (ﬁv c* (97 HE7 P, ')7 qz)
are the individual’s net expenditures on consumption goods. Equation (16) implies that
TP(QJ p)=1- CP(QJ p) +IP(07p) .

Form the assumption that all goods are normal goods it follows that C,(68, p) > 0. The
fact that the marginal utility of disposable income is constant, see Lemma 1, can be
shown to imply that y; does not depend on p, with the consequence that Z,(f, p) = 0.
Thus, we have that

Tp<0a p) <1 ’
and as a consequnce

G'(p) = Ee{Tp(e,p)} < 1.

Step 2. Under the given assumptions G is a continuous function on a bounded domain

p € [0, R]. By Brouwer’s fixed point theorem, there is a solution to the equation G(p) = p.

Step 3. It remains to be shown that this solution is unique. Step 1 implies that G(p) — p
is a decreasing function. Moreover G(p) > 0, with G(0) = 0 indicating that taxes are
prohibitive so that no tax revenue is collected and G(0) > 0 indicating that there is pos-
itive tax revenue even if none of that revenue is rebated lump sum and individuals spend
only their labor and “capital” incomes. If G(0) = 0 then p = 0 is the unique solution
to the fixed point equation. If G(0) > 0 there is a unique p > 0 solving the fixed point
equation G(p) = p. O
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A.1 Proof of Lemma 4

The labor market clearing condition can be equivalently written as

Pw [H(HEa,]—\)fEa%pwaﬂ) - L(papwate)] =0,

or, as

Eo [pui ()] = po B[] = 0.

J

Using the individuals’ budget constraints and the definition of profits, this can be equiv-

alently written as

By [pel1 + t)22() + po(1+)25() + po(1+ 025 () + Tipui (1) — 5117 = RE
= 5B [ fi () = tie €5() =1 () = ()
=0.

This in turn is equivalent to

R-RF + TI-IF
+pc XC<HE> RE> q;Pw, E) + R(pa Tf) - ch(pmpun tce)]
+pg X9<HE’ RE? Qapwa ,I}) - Y;](pgapmpwa tge):|

+pb Xb(HE7 RE; 4, Pw, ﬂ) - %(plnpcapw’ tbe)i|
=0.

A.2 Proof of Proposition 1

Choice of the numeraire. By Lemma 4 labor market clearing is implied when the
three goods markets clear. Thus, to prove existence and uniqueness we can focus without
loss of generality on the goods markets. There are four prices that enter the three goods-
market clearing conditions. Henceforth, and without loss of generality, we set the wage

rate p,, equal to 1.

A.2.1 Firm Behavior and its implications for supply and demand

As explained above, the profit-maximization problem of a firm in sector j can be decom-
posed in an inner and an outer problem. The inner problem is to choose an investment
into emission avoidance r for a given level of employment [ and hence a given level of
output. The outer problem then is to choose the level of labor demand. We recall this
decomposition here as it is useful to determine how the firms’ supply and its demand of

the unspecific consumption good depend on the economy’s price system.
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The inner problem. Given [, choose r to maximize

—tje (ejo — aj(r))afi(l) —peyr

The solution to this problem is denoted by r*(l, p, tje, 7). It is straightforward to verify

that r* is increasing in [ and ¢;. and decreasing in p. and .

The outer problem. The outer problem is to choose [ to maximize

pj a fi(l) = tje(ejo — a;(r™ (L, -))afi(l) — pe vy r*(l,-) .

We denote the solution to this problem by I*(pj, pe,tje, 7, ). It is straightforward to
verify that [* is increasing in p;. The complementarity of the investment and the labour
choice implies, moreover, that [* is decreasing in p. and 7y, as r* is decreasing in these

variables.

Implications. (i) Holding fixed p,, the supply in the green sector increases in p, and
the supply of the brown sector increases in p,. (ii) Every sector’s demand of the unspecific
consumption good for investment purposes decreases in p.. (iii) The net supply of the
unspecific consumption good (= supply minus own demand for investment purposes) is

increasing in p..

A.2.2 Consumption demand with Coub Douglas and C'ES preferences

The inner problem. With Cobb Douglas and CES preferences, the inner problem

can be written as: Choose z., 2, and 2, to maximize

2 (B v )
subject to
e Ze g 2g T @ 25 =1,
The solution is
1—v

* * v * v
Zc (QC) = q ) zg(qq’ Qb> = q_ ag(ﬁ7 Qv, Qg) and Zp <Qg7 Qb) = a Oéb(ﬁ, Qv, QQ) 9
c g

where
i (2)°
Qg (5, @> = L — and o (5, @> =1-q (5, @) .
T 1+5$<%)77 I I

Thus, a fraction 1— v of disposable income is spent on the unspecific consumption good, a

fraction v « (6, g—b> is spent on the green consumption good and a fraction v ay (ﬁ, Z—b>
g g

is spent on the brown consumption good.
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The indirect utility 9(3, g.) associated with a solution to the inner problem is obtained
by inserting 27, z; and z; into the objective of the inner problem. It follows from Roy’s
identity that (03, ¢,) is decreasing in ¢., g, and g,. Using L’Hospital’s rule one can show,
moreover, that

1

v—0 c

Thus, when the budget shares of the green and the brown good become small, then

indirect utility no longer depends on the prices of these goods.

The outer problem. The problem is to choose ¢ and y to maximize
Cﬁ(ﬁvQ;E)_k(yl,W) S.t. C:yl—ﬂ(yl)+3HE+RE )

Note that the utility maximizing earnings level does neither depend on IT¥ nor on R¥.

Thus, we can write y; (9(5, ¢z),w, T;) and

¢ (0(B, qu), w, Ty, STIP + RE) = my(y; (0(8, ¢u), w, T1) + sI1¥ + RE,
where we refer to n;(y;) := y; — T;(y;) as the net labor income function. Note that ¢* is a
decreasing function of ¥ and hence a decreasing function of ¢., g, and ¢,. Also note that
c* depends continuously on the marginal utility of consumption. Therefore

1
lim ¢*(3(8, ¢z ), w, Ty, sTI¥ + RF) = ¢* <—,w,Tl,sHE —I—RE) ,

v—0 c

so that labour supply and disposable income — i.e. the solutions to the outer problem —

do not depend on the prices of the green and the brown consumption good.

Consumption demand. Individual demand for the unspecific consumption good is
given by
1—v
re(-) = () -
qc
Individual demand for the green good is given by

.1';() = qi ag(ﬁ?QbaQQ) C*() ’

and individual demand for the brown good is given by

aﬂb%%%%wﬂ%

Aggregate demand can therefore be written as
1—v .
Xe=——1F [ ()]

&=§&mw%mam

and

Xy = z Eg [a(8, @, q9) € (+)]
b
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A.2.3 Excess demand functions

Let ©(8,t,p) be a shorthand for o(3, (1 + t.)pe, (1 + t4)pg, (1 + t4)ps). We also introduce
the shorthands

1+ tb)pb

Ag(pcapgapb) =E |: (57 (1 Tt )p

) et

(
Ap(Pes Dg> Pb) :=E[ (5, 81?%2) C*(T)(ﬂ,t,p),-)] :

and

Ac(pcapgapb) =E [ C*(i}(ﬂa t:p)> )] :

Armed with this notation, we define the excess demand functions

v (1414)Yy(Dg: Pe; tge
Zg(pmpgapb) ::__( 2 ( g 9)

pg Ag p pgan)
v (1 + tb>Y (p ’pwtbe)
Z PesPgyPb) = — — !
g( I ) Db Ab( c;pgapb)

and

I—v (1 + tc) Cnd(pcapmpba te)
DPe c( wpgapb)

Zc(pcupgapb) =
where Y is the production sector’s net supply of the unspecific consumption goods.

A.2.4 Existence and uniqueness

Existence and uniqueness follow from the observations below.

Observation 1. Given p, and py, the excess demand function Z, is decreasing in p,

and there is a unique value of p, so that Z,(p., py, pp) = 0.

Observation 2. Given p, and p,, the excess demand function Z; is decreasing in p,

and there is a unique value of p, so that Z,(p., py, p») = 0.
Observation 3. If v is sufficiently small, then the sign of
d (1+ tb)Pb) -
- | Qp /87— C*Uﬁal—i_tcpca]-—i_tp71+tbpb7'
i | (B ) 0+ o (144D (14 )
is equal to the sign of
d 1+t
- (ﬂa ( ki b)pb> )
dp; (1+t4)pg
for p; € {pg:pv}-
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Observation 4. If v is sufficiently small, then the sign of
@ [&9(57 (1 + tb)pln (1 + tg>pg) C*(fl(ﬁ, (1 + tc)pca (1 + tg)pg’ (1 + tb)pb); )]
j
is equal to the sign of
d
_CYQ(ﬁ? (1 + tb)pln (1 + tg>pg) )
dpj

for p; € {pg,vs}-

Observation 5. (Gross Substitutes.) If v is sufficiently small, then Z, is increasing

in p, and Zj, is increasing in p,.

Observation 6. (Single crossing condition.)  Fix p.. Consider a p,-p, diagram.

An iso-excess demand function for good 7 = g, b has the slope

(%) — _erpb
dpp dZ,;=0 ijpg
If v is sufficiently small, these iso-excess demand functions are upward sloping. Now

suppose that any point in this diagram, Z° is steeper than Z9, which holds provided that

Zg,ngb,pb > ngbe,pg (17)

then a move toward higher prices for the brown good along the iso-excess demand curve for
the green good, implies that the excess demand for the brown good goes down. Condition

(17) can be shown to hold for v small enough.

Observation 7. If condition (17) holds, then, for every p., there exist prices p,(p.) and
o(pe) so that

Zg(Pes Pg(pe)s po(pe)) =0 and  Zy(pe, py(pe), po(pe)) = 0.

To see this: By observation 1, fix p, at an arbitrary level and solve for the price p, that
clears the market for the green good. If at this pair of prices there is positive/ negative
excess demand for the brown good, move along the iso-excess demand curve for the green
good towards higher/ lower prices py. Eventually the excess demand for the brown good

will fall/ rise to zero. This follows from the functional forms above.

Observation 8. For all p, and p;, the excess demand function is strictly decreasing in p,
and there is a price p. so that Z.(p., py, pp) = 0. If the conditions detailed in Observation
7 are satisfied, one can vary p. to clear the market for the unspecific consumption good,

while keeping the markets for the green and the brown good in equilibrium. U
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A.3 Proof of Proposition 3

Consider a given utility profile Uy : w +— Up(w), where

Uo(w) = uo(w) — k(yin(w), w) , (18)

and

up(w) = u(oc(w), X (B, zog(w), Ton(w)))

is the consumption utility realized by a type w-individual in the status quo. In the
following we take the function Uy, as given and seek to find that allocation that reaches
these utility levels with minimal emissions subject to the economy’s resource constraint

and the requirement of incentive compatibility.

Incentive compatibility. By standard arguments, incentive compatibility in the sta-

tus quo holds if and only if

Up(w) = —ka(yio(w),w)

and if the function y;y is non-decreasing. Consequently, for w = argmin{2, we have

w

Un(w) = Uo(w) — / Ea(yio(n), n)dn

w

and

up(w) = Vo(w) = k(g (w),w) - (19)

Thus, if we take the utility profile Uy : w +— Up(w) and hence also the derivative of this
function U/ : w — U}(w) as given, then due to (18), we also take the profile y; : w +—
yio(w) as given. With the functions Uy and y;y given, also the consumption utility profile
Uy : w > up(w) is given.

Thus, for the problem to reach the status quo utilities with minimal emissions, we
can as well assume that vy : w — yp(w), and hence aggregate labor supply Yy E, [yo(w)],
as well as ug : w — up(w) are predetermined. A solution to this problem that respects

these constraints will be incentive compatible by construction.

The optimization problem. What has to be chosen are consumption levels z. : w >
Te(w), Tp 1 w = xp(w) and x4 : w — x4(w) for households that differ in productivity. In
addition, for every sector j € {c,b, g} and every type of firm 6; = (a;,7;) in that sector
labor inputs and resources devoted to the abatement of emissions need to be chosen.
Formally, the functions {; : 6; — [;(6;) and r; : 6; — r;(#;) need to be chosen.

The objective is to minimize

Yo&g o= > Ej[<€Oj_aj(rj(ej)>ajfj(lj<0j))}

j€{c,bg} j€{cb,g}
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subject to the following constraints: First, the chosen allocation needs to generate the

same consumption utility as the status quo allocation. Formally, for all w,

u(e(w), x(Brg(w), 2p(w))) = uo(w) . (20)

Second, the labour used up in the production process is bounded from above by Yj, the

amount that households make available in the status quo,

> OELO)] < Y. (21)

Jje{cb.g}

Third, aggregate consumption is bounded by the production sector’s (net) output of the

various goods. For the unspecific consumption good this requires that

Efre(@)] < Edacfelle0))] = D Ejlyr(65)]- (22)

Jje{eb.g}

For the green and the brown good the constraints are, respectively,

Eolzg(W)] < Eglagfyly(0y))] and Eyln ()] < Epfanfo(lo(0p))] - (23)

Solving the problem. Consider the Lagrangean
L= Yietens Bi | (0 = as(rs0) ) s 5(15(07))|
~E. [11(w) (10(w) = ulze(w), (8, 7, ), 0 (@) |
(e B 1606)])
e (Bulre@)) + e Bilir(8:)] - Belacfe(1(0)])
A (Bulrg (@) = Bylagf, 14(6,)))
(

Mo (Bulza(e)] — Bafan fi(15(61))))

v(w)
P(w)

the density associated with the distribution of w, and A;, A., Ay and A, are the multipliers

where p(w) = whith v(w) the Lagrangean multiplier for the constraint in (20) and ¢

associated with the resource constraints.

Proof of Lemma 5

Henceforth we denote the consumers’ equilibrium prices by

¢ (T) = (¢(T), 4,(T), ¢5(T))
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and the producers’ equilibrium prices by

P (T) = 0e(T), g (T), py(T)) ,

where the tax system 7 consists of the non-linear income tax schedule 7;, the emission

taxes to = (tee, tge, tpe) and the consumption taxes t, = (., t,, t).
Lemma 6 Consider a generic tax rate T € {t., ty, th, tee, tges toe ). The marginal effect of
a change of T on type 0’s indirect utility is given by

dq dq; dq;
V0, = 00500 (511 +Ro = (B e+ Sz + S i) )

where I1. and R, are, respectively, total differentials of equilibrium profits and equilibrium

tax revenue.

Proof. The utility realized by a generic type 0 individual in a competitive equilibrium

given tax policy 7 is given by
V(0,q¢"(T), T)) =" ()08, q.) — k(y; (+),w) where ¢* =y — T(y;) + sll+ R,

Note that y; is a function of v via the outer problem. The terms involving changes of
labor earnings cancel, however, by the first order condition of the outer problem. By

Roy’s identity, the marginal effect of a change of 7 on individual welfare equals

0(6.00) (10 Ro = (S 0z + S )+ S 030 )

O
With a generic social welfare function, the corresponding change in social welfare is

given by

W. =By {g(@(ﬁ,qgg),e) (s I + R, — ((iqf e (+) + % zy(-) + C;qf xZ(-)))}

Note that the revenue effect R, is weighted by g := E[g(0(-), 8,w,s)] in the welfare

function. Analogously, the effect on equilibrium profits in sector j is weighted by

g = Elg(0(), 8,w,s) 0(8, qx) 55 -

Below we provide a more detailed characterization of these effects. First, we note, how-

ever, that
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can be rewritten as

~E [g(0(8,0.),0) (% (@:() = X2() + G2 (05() = X;0)) + % (@3() - X5())]

—g Ll Xr() —g M xa()— gl xp().
~ %2 Cov(g(a(-),0),25(-) — & M Xz() (24)

dr

—%% Cov(g(a(-), 0), 23() — & 92 X2 ()
~ 9 Cov(g(a(-),0),25(-) — & Mo Xz ().

Characterizing R.. Revenue can be written as

R() = (q(T) = pT)XM(), R(-), ¢*(T))
+gg(T) = pg(T)XGI(), R(), ¢*(T))
gy (T) = py(T)) Xy ((-), R(-), ¢*(T))
+E[T1(y; (+))]

+ 2 e & ()

j=c,b.g

For 7 € {t.,t,,t,} we have

R, = (50— D) X0+ (q:(T) = piT)X

dr
+ (M — S X0+ (a5(T) = BT,
(“E7 — D) X () + (g5 (T) = pi(T))X;,

+E[T (i (-, 0)yi- (-, 0)]

+ 2 tie&ir

j=cb.g

where X7, X» and Xj are total differentials of equilibrium quantities, y; (-, 0) is the

total differential of equilibrium labor supply for an individual of type # and &;; is the
total differential of equilibrium emissions in sector j. For 7 € {t, 4, tpe}, there is

an additional term I(1 = 7;.)7 () in this expression. Hence, we can summarize: For

T € {te, by, th, tees tye, tre }, We have
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R. = (%0 — BUD) X2 () + (q(T) - piT))X,

+ (M — D) Xo () + (q3(T) - py(T)X;

aTr

(47 — 2D X5 () + (5(T) - ()X,
(25)
+E[Tl/(yl*('7 9))yl*r(" 9)]

+ X tie&ir

j=cb,g

+ > UWr=m7)E () .

j=c,b,g

Characterizing II,.. For 7 € {t.,t,,t,}, by the envelope theorem, equilibrium profits

are affected only via price changes. Thus, for j € {c, g,b}, we have

dp3(T) 3 7« : *
I, = Z22V() - ZOE [y (). (26)

For 7 € {tce, tge, tve }, we have

dp; (T)

I, = Z2Yr() — EOE [y ()] - I(r = 7)E5(-) - (27)
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Collecting terms. Upon collecting terms and upon making an obvious use of market-

clearing conditions we find that

W, = — %0 Cov(g(a(), 0), 25())
+420) <(gnc — &)Yy —E[yr]) — (gu, — 9)E[y r]) — (g, — 9E[ ri;]))

+ & (¢ (T) = pi(T) X5 ()
— D Cov(g(a(-),0), z5(-))

dpi(T) /— .
+ 80 (g, — g)X:(-)

+ g (q(T) —pi(T)) X (+)

— 9T Cov(g(a(-),0), 25(-))

dp;(T) /= N\ vk
+ 2D (g — 8)X; ()

+8 (@ (1) = pp(1) X5 (7)

+g EQ[TK?/T(" 9))?/1*7—(7 9)]

g X ()

j=cb,g

g > Ur=7)& (),

j=cb,g

which proves Lemma 5.
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