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Should a Carbon Tax be Differentiated Across Sectors?*

If some, but not all, countries are cooperating to reduce CO, emissions, it can
be argued that: A high carbon tax on carbon-intensive tradable sectors in the
cooperating countries wili reduce the production of goods from these sectors,
and therefore CO, emissions, in those countries. This will to a large extent be
counteracted by increased production of such goods in the countries which
have no such policy, however. Since it is tota/ CQ, emissions from all countries
which is relevant for the climate, there is little advantage in a policy which
simply shifts CO, emissions from the cooperating countries to other countries.
Carbor-intensive tradable sectors should thus face a lower carbon tax than
other sectors of the economy.

The paper shows that a carbon tax should not be differentiated across sectors
in the economy, provided import and export tariffs can be used on all traded
goods. It is also shown that such a differentiation of carbon taxes is optimal for
the cooperating countries if they are prevented from using tariffs on the traded
goods. Informational or political factors constraining the use of tariffs are also

likely to constrain the possibility of differentiating carbon taxes between
sectors, however.
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NON-TECHNICAL SUMMARY

According to standard welfare theory, all users of carbon should face the same
carbon tax, as the environmental externality of carbon use is independent of
where it is used. This argument is valid where there are no other distortions in
the economy. If other distortions are present, however, it is no ionger obvious
that it is optimal to equalize carbon taxes across sectors. One important
possible distortion is that an international climate agreement may be
incomplete. Limited participation in a climate agreement seems probable
during the next decade or so. In such a case it can be argued that: A high
carbon tax for carbon-intensive tradable sectors in the cooperating countries
will reduce the production of goods from these sectors, and therefore COo,
emissions in the cooperating countries. This will be counteracted to a large
extent by increased producticn of such goods in the countries which have no
climate policy, however. Since it is total CO, emissions from a/f countries which
are relevant for the climate, there is little point in a policy which simply shifts
CO, emissions from the cooperating countries to non-participating countries.
Carbon-intensive tradable sectors should thus face a lower carbon tax than
other sectors of the economy.

The starting point of the paper is a situation in which a group of countries, e.g.
the European Union or the OECD countries, have committed themseives to
cooperate. These countries, which we call the signatories, are assumed to
coordinate their policies in a way which maximizes the sum of welfare for the
signatories. This level of welfare depends on the signatories’ consumption of
all goods as well as total CO, emissions. Since the environmental effect of CO,
emissions depends on the sum of emissions from all countries, it is total CO,
emissions which affect the welfare of the signatories. Emissions from the non-
signatories will generally depend on international prices of several goods, in
particular of the prices of fossil fuels and of energy intensive traded goods. As
international prices generally depend on the net import vector of the

signatories, foreign emissicns will also depend on the net import vector of the
signatories.

An important conclusion is that the social optimum may be implemented by a
carbon tax which is the same for ail users of fossil fuels, i.e. both for
consumers and for all sectors using fossil fuels as an input in production
(among the signatories). The possible effect of the consumption and
production of traded goods among the signatories on emissions from the non-
signatories (through international prices) may be taken care of via tariffs on the
traded goods, i.e. as a tax or subsidy on net imports or net exports.




There are two types of externalities within the cooperating countries, which
may be internalized through appropriate taxes (or subsidies). First, the
environmental externality of the emissions from the signatories may be
internalized through a uniform tax on the use of carbon. Second, externalities
via the net imports of various goods affect the environment through the effect
of net imports on the behaviour of other countries. Obvicusly, it is not the
signateories’ production or consumption of a good which affects the behaviour
of the non-signateries, but only the net import of the geod. This externality may

thus be internalized through appropriate taxes (positive or negative) on the net
imports of traded goods.

In addition to affecting the environment through the effect on the behaviour of
nen-signatories, changing the net import of a good will generally have a terms
of trade effect. This effect is not internalized by the individual firms in a
competitive econcmy. The cptimal tariffs should thus reflect these terms of
trade effects as well as the environmental effects.

What happens if, for some reason, the use of tariffs and also production
taxes/subsidies and other policy instruments affecting the production of goods
are ruled out? Not surprisingly, the constrained social optimum in this case
requires a differentiation of carbon taxes across sectors. It is shown that the
exact calculation of the optimal tax structure in this case is quite compiex,
however. In particular, mere detailed numerical information on the economy is
required for this caiculation than for the calculation of the optimal tarifis. There
is no simple relaticnship between, for example, fossii fuel intensity or the effect

on foreign emissions on the one hand, and the optimal carbon tax eon the other
hand.

If the use of tariffs is ruled out, it may be optimal to differentiate carbon taxes
across sectors. It is, however, difficult to find good reasens for why one shouid
rule out the use of tarifis. Trade policy arguments could be made against
import and export taxes/subsidies. Similar arguments could alsc be made
against differentiating taxes (in this case carbon taxes) across sectors.
Moreover, the non-signatories are not in a very strong position to argue
against tariffs which might hurt them. The justification for the tariffs is after all
an attempt to avoid excessive carbon emissions from the non-signatories. Any
non-signatory which claims to be adversely affected by the tariffs can avoid the
tariffs by participating in the climate agreement instead of being a free rider.



1. Introduction.

Should a carbon tax be differentiated across sectors? The answer which follows from
standard welfare theory is no: all users of carbon should face the same carbon tax. as
the environmental (i.e. climate) externality of using carbon is independent of where it
is used. However. the answer is nor so obvious in 2 siwation where there is an
incomplete international climare agreement. If some, but not all. countres are
cooperating to reduce CO, emissions. one could make the following argument: A high
carbon tax for carbon intensive tradeable sectors in the cooperating countries will
reduce the production of goods from these sectors. and therefore CO, emissions. in the
cooperating countries. However. this will 1o a large extent be counteracted by increased
production of such goods in the countries which have no climate policy. And since it
is only 1otal CO, emissions from all countries which are relevant for the climate, there
1s no point in a policy which simply relocates CO. emissions from the cooperating
countries to the countries which have no climate policy. According to this line of
reasoning. carbon intensive tradeable sectors should thus face a lower carbon tax than
other sectors of the economy. Arguments of this type have been made by e.g. the

Commission of the European Communities (1991),

Limited participation in a climate agreement seems 1o be quite likely during the next
decade or 50. As long as there is no international law to force countries to participate
in an international climate agreement. each country may have an incentive 10 be a free

rider. i.e. to stay outside the agreement instead of participating in it. If the country
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stays outside the agreement, it can enjoy (almost) the same benefits of reduced
emissions as if it participates in the agreerent, while it doesn’t bear any of the costs
of reducing emissions. This free rider incentive remains even if the agreement is such
that all countries are better off with the agreement than without: A country may be
better off participating in an agreement than it would be without any agreement. But
it will usually be even better off if the other countries cooperate. while it itself stays

outside the agreement and pursues its self-interest.

The issue of free riding has been studied in more detail by e.g. Barrett (1992), Baver
(1993). Carraro and Siniscalco (1993} and Hoel (1992). These studies demonstrate that
in spite of the free rider incentive, a stable coalition of cooperating countries may exist.
The coalition is stable in the sense that it is not in the self-interest of any country to
break out of the coalition. One reason why such a stable coalition may exist is that
each potential defector knows that if it breaks out of the coalition. the optimal response
of the remaining countries will be to increase their emissions. which will hurt the
defector more than the costs it saves by defecting. However, most of the studies
mentioned above argue that for problems such as the climate problem. the number of
countries in a stable coalition is likely to be very small. Moreover. total emissions from

all countries will not be much lower than they are in the non-cooperative equilibrum.

The Rio Convention on Climate Change does not give the signatories any explicit

guantitative commitments for greenhouse gas emissions. It seems plausible, however,
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that some form of agreement will be reached during the next decade. At least initially,
the free rider problem makes it very unlikely that all conntries will participate in such
an agreement. Nevertheless, it may be possible to reach an agreement between a larger
number of countries than the number corresponding 1o the stable coalition of the type
mentioned above. One reason why countries may commit themselves 1o cooperating
is the fact that decisions of greenhouse gas emissions, and of whether or not to
participate in an international agreement, may be frequently revised. These decisions
may therefore be treated as a repeated game. It is well known from the literature on
game theory that it may be possible to sustain tacit cooperation as a perfect equilibrium
of a non-cooperative (infinitely) repeated zame. see €.g. Barrett (1992) and Torvanger
(1993) for a discussion in the context of international environmental agreements. The
fact that decisions about greenhouse gas emissions are frequently repeated may thus
solve the free rider problem, However. as repeated games of this type have multiple
equilibria, the coordination problems of reaching a Pareto optimal equilibrium are
large. Obviously. these coordination problems are larger the larger the number of
countries involved. It therefore seems likely that only a subset of all countries will
commii themselves to cooperation. The issue of whether a carbon tax should be

differentiated across sectors when a climate agreement is incomplete is therefore a

highly relevant issue.

The starting point of the paper is a situation in which a group of countries, e.g. the EU

or the OECD countries. have committed themselves to cooperate. These countries are
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assumed to coordinate their policies in a way which maximizes the sum of welfare for
the whole of this group. Henceforth. this group of counrries is called the home country.
The remaining countries in the world act independently and in pure seif-interest. each
of them taking total greenhouse gas emissions. as well as international prices of all
traded goods, as given. We treat these latter countries as an aggregate group. and call

the group the foreign country.

A relatively general model of the economy in the home couniry is given in section 2.
Outputs and inputs of all goods (including fossil fuels) must belong to a given
production possibility set. Welfare depends cn the consumption of all £00ds. as well
as total CO, emissions. Since the environmental (=climate) effect of CO, cmissions
depends on the sum of emissions from all countries. it is 10tal CO, emissions. and not
only emissions from the home country. which affect welfare in the home country.
Emissions in the foreign country will generally depend on international prices of
several goods, in particular on the prices of fossil fuels and of energy intensive raded
goods. As international prices generally depend on the net imporr vector of the home
country. foreign emissions will also depend on the net import vector of the home

country. This relationship must be taken into constderation in the optimization problem

of the home country.

The conditions for optimal consumption and production in the home country are

derived in section 2. In section 3 it is shown how this social optimum may be
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implemented in a competitive economy. An important conclusion is that the carbon tax
should be the same for ail domestic users of fossil fuels. i.e. both for consumers and
for all sectors using fossil fuels as an input in production. The possible effect of
domestic consumption and production of raded goods on foreign emissions {through
imternational prices) should be taken care of via tariffs on the waded 800ds. i.e. as a

tax or subsidy on net imports or net EXPOrts.

A somewhat simplified version of the general model is presented in section 4. In this
section. we derive optimal carbon taxes under the assumption that tariffs for some
reason or other are constrained 1o be zero. In this case. the carbon tax on fossil fuels
used as inputs should in general differ across sectors, A discussion of the main results.

as well as key assumptions. is given in section 5.

2. The optimal consumption and production pattern

The consumption vector of the home country is €=(C).C; e €y}, Where c, 1s the
consumption of fossil fuels (reated as an aggregare). Welfare (W} is equal 1o the utility
of the consumption vector minus the environmental costs of total emissions (from ali
countries), denoted by z:

(1} W = Ule)-E(z)

The consumption vector ¢ will typically consist of both tradeable and non-tradeable
goods. Among the non-tradeable goods we may include various types of labour, which

are measured negatively, so that U is increasing in all its variables.
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Total emissions come from domestic consumption of fossil fuels (cy). domestic use of

fossil fuels as inputs into production. denoted v. and foreign emissions, denoted e:

(2) z= C0+V 4

Net imports are given by the vector m, 50 the domestic net output vector 1S y = ¢-m.
For all non-traded goods m=0 by definition, i.e. y;=¢, for all non-waded goods. The
vector y will typically have both positive and negative elements. For instance. if good

¢ is some type of {non-tradeable) labour. we have mg0 and y=c,<0)

In most analyses, one is only interested in the net outputs of the goods. and not gross
outputs and inputs. In such cases the efficient net output set can be specified by a
mansformation function of the type @(y)=0. where @ is increasing in each y;. In the
present case, however, we are interested in the total amount of fossil fuels used as
inputs, and not only in the net output of fossil fuels in the economy. Denoting gross

production of fossil fuels by x. and defining § = (y,....y,). W€ may therefore specify
the production possibilities by

37 olxgvy =0

where the signs under the variables denote the signs of the partial derivatives. (3") may

be rewritten as

Flx-vj¥) =0

. o

or
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(3) Fle-m.vy=0

SINCE oopy = Y = () = (x-v5). In the absence of any exiternality associated with

the use of fossil fuels. one would want net output of fuels (x-v) 10 be as large as

possible for given net outputs of all other goods. Maximization of x-v subject to the

technology constraint (37) and a given vector ¥ implies ¢ +¢_=0- This is equivalent o

F.=0 in (3). For environmental reasons. one is interested in using less fossil fuels than
the level maximizing x-v. As we shall soon see. this implies that F>0 in our

equilibrium.

Our goods are indexed so that the first 1+ {<n} goods are traded goods. We denote

the international prices of these goods, which may depend on net imports, by

pim) = (po(m),p}(_m).....pn(m)). Assuming balanced wade, we thus have

(4) Plmym = 3 plmm, = 0

Balanced trade is defined as the current ggcount being equal to zero. This means that
our framework does not rule out capital movements. Denoting a given physical stock
of a capital good by X and the vse of this capital good as an input in domestic
production by v,, we have ner output given as y,=x-v,. From the €quation y,=c,-m,
we thus have vi+c,=x,+m,. In other words, the more capital is used domestically as an
input in production or directly as consumption. the more capital must be imported.

Finally. foreign carbon emissions are assumed to depend on net imports via the effect



of net imports on international prices:
(3) ¢ = elm) = fiptm)

In the simplest case in which gp !famJ:O for j=f. and ap!/am?o. the sign of de/om, is
equal to the sign of dffdp;. If j is an energy intensive good. we would expect 9f/dp>0.
i.e. an increased internatonal price for such a good increases foreign production and
therefore foreign emissions. The opposite is rue for cood which uses little or ne fossil
fuels: An increased international price will give more foreign producton of this good.
and thus lower foreign production of other more energy intensive goods. In this latter
case we therefore have 9f/dp<0 and de/dm<0. Capital may be an example of such a
good. With a fixed (short-run) alobal stock of capiral. increased import of capital must
reduce the foreign use of capital (via the price. ie. the interest rate). This tends to
reduce foreign production of all or at least most coods. with the consequence that

foreign emissions decline.

The social optimum is defined as the vector (c.m.v) which maximizes {]} subject 1o

(2)-(5) and m:=0 for all non-traded goods.

Straightforward calculation yields the following conditions for a social optimum (using

the notation [/ =9U/dc,. F =dFlo(c,~m). etc.)

=Bt
) U,-E E
U, 28




(N v o= i#)

(8) Po*Ty _ (Uy~E')-E'e,

pT. U-E'c e
where
op
H T =Y m. "L j=01..
s X "om N

Equations (6} are simply the standard requitement "MRS=MRT" (marginal rate of
substitution equal to marginal rae of transformation}. with the environmental

externality included in the MRS between fossil fuels and any other good.

Given (6). equation (7) is one equation. It states that the marginal cost of reducing
emissions (in terms of good i) should be equal to the marginal environmental cost of

emissions (measured in terms of good i).

The terms T, defined by (9) measures the terms of trade effect of an increase of the
import of good j. In the simplest case in which op /am,-=0 for i, and ap.'jamj>0‘ it
is clear from (9) that T; is positive for imported goods {m>0) and negative for
exported goods {m,<0). For the more general case in which ap,jamj;eo, there is no such

simple relationship between the signs of T; and m;.
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Equations (8) show the relationship between the MRS in consumption and international

prices. If foreign emissions were independent of all imports. ie. all e =de/dm =0, it

follows from (8) that the MRS between two goods should be equal to the international
price ratio after correcting for terms of ade effects. In other words, it is not the ratio
of the two prices which is relevant, but the ratio between the two marginal import
costs. When foreign carbon emissions depend on the size of the home country’s
imports, the MRS must be adjusted for this externality before it is equated to the ratio
between marginal import costs. Instead of simply being the ratio of the marginal
utilities of two goods, the adjusted MRS is the ratio between marginal utilities minus
the marginal environmental costs of the foreign increase in emissions caused by

increased imports of the two goods.

Equations (6)-(8) consist of n+1+1 independent equations (after inserting the T;'s from
(9)). Together with the 4 equations (2). (3). {4) and (5}, and the n-1 equations m=0
for the non-traded goods, we thus have 2n+5 eguations determining the 2{n+1)=2n+2

variables (c.m) as well as the three variables v, ¢ and z.

3. Implementation

{n this section we shail see how the social optimum described in section 2 may be

2 Although the optimization of (1) subject 10 (2)-(5) will {almost always) have a unique soluton.
there may be several equilibria satisfying the equations {2)-(8). However, to simplify our discussion.
we assume that the properties of the functions included in our analysis imply that there is & unique
equilibrium satisfying these equations.
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achieved in a competitive econonty.

Consider 4 common carbon x 6 for all users. and tariffs t for 2ach traded good, given

by

(10) 8 =Pt g

L =T *Sej Jor jsn
(11} ’
£=0 Jor jen
where T, as before is defined by (9). A 1ariff ¢, on a good changes the price facing both
consumers and producers from P; to p+1. If ¢ is positive. it is an import tariff, if good

J is an imported good. or an export subsidy. if good j is an exported good. Similarly

for t, negative: It is an import subsidy (for m>{), or an export ax (for m<().

Consider first consumers. who will face the price vector (pgt6+t,. Pirtt..p4t) . The

consumers” optima) consumpton vector thus satisfies

which together with (10) and (11) gives

Notice that all prices P, are endogenously determined in the competitive equilibrum. The
prices of the raded goods are given by the functions Pim). while the prices of the non-traded goods
are given by the equilibrium conditions m=c-y=0,
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r
L‘m _ pu"'ro_'_E;

iy B it i=la.cdt
U, pr, U
or
.
(12) UrE” _P*h oy n
U, P,

It is thus clear that (p+t)/U; is independent of 1 for i0. so that the choice of i in {10)

is arbitrary.

Consider next producers. For given  prices and tariffs. they maximize

(Po*fn)x”(Po*‘o*e)"*z(?.*‘)-"'. = Ei(p‘ﬂ')y‘_ev subject to F(y.v)=0. This gives
=0

(13) Fo _ P iy
F, P7F
-F

(14) O T
F p

Combining (12) and (13) immediately gives the optimality condition (6). Moreover,

using (10) we may rewrite (14) as

!
(15) T %_ 20

which is equivalent to the optimality condition (7.
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From (10) and (12) we have

B¢,
(U,~E")1 -—)
pD+IO

(U,~E")-E'e, _
U-E'e,

(16)

Be
Uu(l-———)
Pi¥y

Inserting (11) and {12) into the r.h.s. of this expression yields

U "E"—E"' +T
an 0 “% P g i= e
U-E'e, p.T,

which is equivalent 1o our optimality condition (8).

We have thus shown that a competitive economy with the tax/tariff structure defined
by (10)-(11) has an equilibrium which is equivalent to the social optimum derived in

section 2.

The interpretation of (10) is that the carbon tax is equal to the marginal environmental
cost of carbon emissions measured in money: E’ is the marginal environmental cost
measured in utility. while (p#t)/U; is dollars per unit utility (for good ). E*{p+t)/U;

is thus a monetary measure of the marginal environmental cost of carbon emissions.

The tariff t consists of two terms. The first term (T;) measures the terms of trade effect
of an increase of imports of good j. The second term (Be)) measures the value of the

change in foreign emissions as a consequences of a marginal increase of imports of
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good j. Since neither Tj nor ¢ are unambiguously signed. the sign of t is also
indetermined. Typically. the vector (tp Gt} will have some negative and some

positive elements.

An important special case of oar general model is the case in which ali Bpi/amj are
close to zero. This will typically occur if the group of cooperating countries is small
compared to the rest of the world. In this case it is clear from (9) that all T, will be
close to zero. Notice also that even if all dp/Im, are close to zero, the derivatives
e=Lofldp, - dp/dm; need not be "small”, since some or all Zof/dp, may be large.
Assume e.g. that a doubling of the domestic consumption of a good j. with a
corresponding increase in imports, only increases the world market price of this good
by. say, 1 percent, In this case the terms of trade effect is neghigible. Although a |
percent price change will only change foreign emissions by  small amount in percent
of world emissions. this emjssion change may be large relative 1o the emissions of the
home country. In this case affapj will thus be "large”, so thar we cannot set ¢; for this

good even if all T;s may be approximated by zero.

if all T;s are zero. the sign and magnitude of the optimal import tariff t, on good j will
only depend on the sign and magnitude of & for this good. As mentioned previously,
we would expect that ¢ is positive for an energy intensive good. e.g. that increased
import (or reduced export) of such a good will increase foreign emissions. Such a good

should thus have a positive import tariff. i.e. an export subsidy if this good is exported
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by the home country. For goods which use litdle or no fossil fuels in their production,
on the other hand. we would expect g, to be negative, thus implying an import subsidy
or an export tax. We argued eariier that capital may be an example of a good with
¢;<0. If this is the case, net import of capital should be encouraged by a capital import
subsidy/export tax. The interpretation of this is that increased import of capital reduces
the foreign use of capital. This tends to reduce foreign production of all or at least

most goods. with the consequence that foreign emissions decline.

4. A second best optimum
In this section we consider a second best optimum in which tariffs of the type
discussed in the previous section are ruled out. We shall return to 2 discussion of such

a restriction in the concluding section.

In order to simplify to analysis somewhat. we shall restrict ourselves to the special case

mentioned above in which we may set T=0 for all j. More precisely. we assume that

(a) all international prices are fixed
(b} all goods are tradeable

(c) there is no domestic production of fossil fuels.

Assumptions (a) and (b) simplify the analysis significantly, as the only consumer price
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which is endogenous in this case is the consumer price of fossil fuels. Assumption (c)

could easily be disposed of. but makes notation somewhat simpler.

As before, y=(y,....y,) is the vector of net outputs of the n non-fuel goods. Instead of
only considering aggregate fuel input use as we did in the previous sectiont, we now
distinguish between fuel used in the production of different goods. This vector of fuel
use is denoted by vs=(v,...v,). The consumption vector is as before given by

€=(Cy.C;.....¢, ). Net imports of the n+] goods are thus given by

My, = C,iv

(18)
m =c-~y, for 0

As before, foreign emissions are given by e(m,. m....m,).

The government of the home country wishes to choose carbon tax rates
(00.8)=(8,.8,....8,) to maximize welfare given by (1). To give a precise formulation of
this optimization problem it is useful first to define the indirect utility function V and
the profit function 7. The price vector facing households is (p,+6,, Pye-Py)- Since all

international prices are assumed fixed, the indirect utility function is defined by

V(@,.1) = max Ulc,.0)

(19) SLp +8)c,+E pe, <1
>0

where I is household income. The function V has the following properties:

The profit function is given by
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E/. = ~gh
20 dc,
1%
-~
a1
@13 7(8) = max Z.py -L, (p,*O)v,

where the vector (y.v) is constrained by the set of feasible technologies. The profit

function has the properties

(22) i

Finally. household income consists of profits plus reimbursed tax revenue. ie.

(23) I =n®) « 8,6, + LB v(®)

Using the expressions above, the welfare level W may now be written as

W = V(0,1 - E(c(8,1) = (8

(24) + ecf8, D) + SO ¢ (8,1 ~ O . ¢ (8D - ¥,(8)))

In the Appendix. it is shown that the emission taxes which maximize W are given by

d
x e,(i)u___
1 a U

>0 90
de,

o

]

0

f
(25) 8 = £. [1+e,~
u

u=u

and
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ef-__"
26) 6 =Ll g
! T 0 > dv,
,_86;
where
3
27 = /
% ov,
: _ajgj

Consider first the term E'/w. The term E’ is the marginal cost in terms of wtility. and
u is the marginal welfare increase {ie. increase in U-E) from a hypothetical transfer
of money to the houscholds. The term E’/u thus measures the marginal cost of CO,

e¢missions in money terms,

The term ¢, measures the change in foreign emissions Per unit increase in domestic
£IMissions, so that 1+¢, gives the direct effect on slobal emissions per unit increase of
domestic fossil fuel use. The terms (E/u)(1+ey) in (25) and (26) thus give the marginal
environmental cost of the direct effect of increasing domestic fuel use. In addition to
this direct effect, global emissions may be affected indirectly via changes in net

imports of non-fuel goods. These indirect effects are captured in the fast tenms of (25)

and (26).

Consider the last term of {25). The derivatives in this term are compensated price
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derivatives. The dencminator is the compensated direct price derivative of the demand
for fossil fuels, and is thus negative. The numerator measures the effect of a
compensated increase in the consumer price of fossil fuels on foreign emissions. via
the effects such a price increase has on the consumption of all other goods. This

numerator can clearly not be unambiguously signed.

Consider next the last terms of (26). The denominator in this term for sector j measures
the change in total fuel input in all sectors as a consequence of a rise in the price of
fuel in sector j. Although it seems most likely that these denominators are negative. the
opposite cannot be ruled out. The numerator of the last term of (26} for sector j is the
effect on foreign emissions. via the effects on net outputs of all goods. of a ris¢ in the
price of fuel in sector j. This numerator can clearly not be unambiguously signed.
Moreover. it is clear that the last term of (26) will generally differ between sectors,
implying different optimal carbon taxes for different sectors. (Notice that if the last
term in the square brackets of (26) was the same for all j. than all o;=1, so that the

optimal carbon tax would be equal for all sectors.}

It is clear from the discussion above that even with the simplifications we have made.
the optimal carbon taxes will in general differ across sectors. Moreover, unlike the
optimal tariffs in the first best optimum in the absence of terms of trade effects, there
is no simple relationship between the sign and size of ¢, and the optimal carbon tax for

sector .
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Consider finally the case in which not only tariffs are ruled out. but in which one also
for some reason must have the same carbon tax on all industries using fossil fuels as
inputs, Assume however, that the carbon tax may be differentiated between households
and producers. In this case the government of the home country wishes 10 choose the
two carbon tax rates {6,.8) to maximize welfare given by (1). Compared with the
expression (24) above for total welfare. the only change is that a single carbon tax §
takes the place of the carbon tax vector 6. In the Appendix, it is shown that (25)
remains valid, while the only change in (26) is that the subscript j must be omitred, and
that ¢ is replaced by 1. For this case it is thus clear that the optimal carbon tax facing
households will usually differ from the carbon tax rate facing industry. However, the

difference between the two tax rates is not unambiguously signed,

5. Discussion

The analysis above shows that as iong as tariffs (i.e. taxes or subsidies on import and
export) may be optimally chosern. the carbon tax should be equal for all users of fossil
fuels. If, however, tariffs are ruled oul, it is optimal for the cooperating countries to
differentiate the carbon tax across sectors. Even for the simple model of section 4. the
determination of optimal carbon taxes was quite complex. There is no simple
relationship between e.g. fossil fuel intensity or the effect on foreign emissions on the

one hand and the optimal carbon tax on the other hand.
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It is difficult o find good reasons for ruling out the use of tariffs. One argument could
be that quite a substantial amount of information is needed to calculate optimal tanffs.
However. it is clear from section 4 that the information requirement needed for
calculating optimal carbon taxes with zero wriffs is considerable larger than the
information reguired for calculating optimal tariffs. Limited information about
characteristics of the economy is thus not a reason to differentiate carbon taxes across

sectors instead of supplementing a uniform carbon tax with tariffs.

Trade policy arguments could be made against import and export taxes/subsidies.
However, similar arguments could also be made against differentiating taxes (in this
case carbon taxes) across sectors. Moreover, the non-cooperating countries are not in
a very strong position to argue against tariffs which might hort them. The justification
for the tariffs is after all an attempt 1o avoid excessive carbon emissions from the non-
cooperatng countries. Any non-cooperating country which claims to be adversely
affected by the tariffs can avoid the tariffs by participating in the ¢limate agreement

instead of being a free rider.

Tariffs are generally not permited according 1o trade agreements such as GATT.
NAFTA. etc. It is not clear whether exceptions from this general rule may be made
when there are good environmental reasons for imposing such tariffs. The use of trade
restrictions is explicitly permitted under the Montreal Protocol on Substances that

Deplete the Ozone Layer, although the GATT Secretariat has voiced its opposition to



22
such use of wade restrictions, see Barrett (1994b) for a further discussion. Different ax
treatment of different industries is also restricted under most trade agreements. A
differentated carbon tax may thus be equally difficult o impose as tariffs. As shown
in section 4. an optimal policy may therefore consist of one carbon tax rate for direct
consumption of fossil fuels. and one rate for the use of fossil fuels as inputs in
production. As long as this later rate is uniform across industries, the differentiation

between households and industries will probably not violate any wade agreements.

One Iimitation of our analysis is that the cooperating coalition was exogenously given.
However. the use of tariffs or a differentiated carbon tax might affect which countries
choose to join a coalition. This has been studied by Barrett {1994a), who shows that
trade restrictions may help deter free riding. and thus make the coalition of cooperating
countries larger. The free rider deterrence may be different for a uniform carbon tax
combined with tariffs, on the one hand. and a differentiated carbon tax. on the other
hand. A careful analysis of this issue is, however, beyond the scope of the present

paper.,

The analysis has focused on the climate problem. However, the qualitative results are
relevant also for other international environmental problems. For several such problems
the policies in a group of countries which reduce their emissions will also affect
international prices of traded goods. This may in tum affect production and

consumption patterns. and thereby emissions. in other countries. Whenever there are



23

international spillovers of harmful emissions. this should be taken into consideration
by the countries which have an explicit environmental policy. Optimal environmental
policies for such problems will consist of a combination of emission taxes and tariffs
(positive or negative) on imports and exports for those raded goods whose prices may

affect harmful emissions from countries which have no explicit environmental policy.
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Appendix: Derivation of equations 25 and 26.
The Lagrangian corresponding to the maximization of W (given by (24)) subject to
(23) is
L= WO,.0) - E(c(6,.1) + Z.v(0)
(28) * (8D + v (@) ¢,(8,.I) - y, (). .... c(8,.D - y (&)
+ ulm(®) + 8,c,(8,.1) + Xov(e) - 1]

The first order conditions for the maximization problem are

oL “
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Multiplying (29) by ¢, and adding it to (30) yields
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The compensated demand derivatives are given by (for all i)



25

' 8
of

T 5
Dividing (32) through by the compensated demand derivative for fuels immediately

gives us equation (25).

It follows from the definition of o, (given by (27)) that equation (31) may be rewritten

as
~E-[(1+e) E —Z e, _l]
(34) 39;
. 8, > av, -0
)

Dividing (34} through by Z8,(0v/06,} immediately gives us equation (26).

If we add the restriction 8;=0 for all j0, (31} is replaced by

oL dy
= -E'- (1+e)£ -Ee_u._]
(35) EL) ¢

- BE___ =0
. 3

This equation may be rewritten as

-E/- [(I*e)E —Er e __]
(36) o a8

+u82,§é‘_ =0

Dividing (36) through by Z(9v/d6) immediately gives us equation (26) without
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subscript j and with ¢ replaced by 1.
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