Environmental Taxation and Revenue for Development*

Agnar Sandmo

Norwegian School of Economics and Business Administration

October 2003.
Discussion Paper 18/03

Abstract

This paper considers the role of globa environmental taxes both as instruments for improving
the global environment and as a source of revenue for funding economic development. It
reviews the general case for environmental taxes and the particular issues that arise for the
adoption of such taxesin an international setting without a single jurisdiction. It also discusses
the possibilities for political acceptance of such taxes when tax revenue is linked to the goal

of economic developmert. The revenue potential of global environmental taxesis evaluated
with specia reference to aglobal carbon tax. It is found that this tax alone has the potentia to
raise sufficient revenue to finance the United Nations' Millennium Development Goals.

JEL Classification: H23, H87, O13.

*This paper has been prepared for the WIDER project on “Innovative Sources for
Development Finance” and is also being published as a WIDER Discussion Paper. | am
indebted to the project participants, especially Tony Atkinson and Robin Boadway, for their
comments on an earlier version, and to Ottar Masstad and David Wildasin for helpful
suggestions.



Environmental Taxation and Revenue for Development.

I ntroduction.

This paper considers the possible role of environmental taxes for economic development. This
role is quite complex and has so far not been widely discussed in the literature. It is therefore
useful to start with areview of the basic economic insights in the field of environmental
taxation in order to prepare the ground for the application of the theory to problems of

economic development and the global environment.

Section 1 below starts with areview of the welfare economics of environmental taxation in a
single closed economy; analytical details are provided in Appendix A. Section 2 discusses
aternatives to taxes as instruments of environmenta policy, considering both fixed and
transferable quotas. Section 3 isareview of the double dividend issue, which has received
much attention in the recent literature, while Section 4 considers the extent to which
distributional concerns should be reflected in the design of environmental policy. Since much
of the literature in this area relates to the economies of industrialized countries, Section 5
takes up some specia problemsin its application to developing economies. Section 6 extends
the analysis from the single country to the case of global externalities where each individual
country is affected by the environmental pollution of all other countries; aformal analysisin
the context of a two-country model isin Appendix B. The political economy of global
environmental taxesis considered in Section 7, which also compares alternative tax designs
with regard to the equity-efficiency trade-off. After a brief discussion of some practical
problems of tax collection in Section 8, Section 9 evaluates the revenue potential of such
taxes with special reference to the carbon tax. Some concluding remarks are collected in the
final section of the paper.

1. Thegeneral theory of environmental taxation.

A basic economic insight is that a competitive economy, under ideal conditions, will generate

asocially efficient or Pareto optimal allocation of private goods, meaning that it is not

possible to reallocate resources in such a way that everyone becomes better off.



In partial equilibrium terminology, an efficient allocation of private goods is achieved when,
first, the marginal cost of producing a commodity is the same for all producers; this
requirement is what is known as production efficiency. Second, the marginal willingness to
pay for the commodity - the margina benefit - should be the same for all consumers, ensuring
consumption efficiency. Third, the marginal cost of production should equal the marginal
willingness to pay; this final requirement ensures overall Pareto optimality. In anideal
competitive environment, optimizing behaviour by firms and consumers will ensure that
marginal costs and marginal benefits will be equated to the equilibrium prices for all goods.
Thus, a competitive equilibrium is a Pareto optimum, and there is no waste of resources.

One element of the “ideal conditions’ requirement is the absence of external effects.
Originaly introduced by Alfred Marshall, the externality concept was further developed by
Arthur C. Pigou (1920), who also pioneered the application of the theory to environmental
problems in the modern sense. In recent decades, the increasing awareness of the
environmental damage caused by modern societies has greatly increased the importance of

externality theory as atool for applied policy analysis.

Environmental externalities may be both positive and negative, but we focus here on the latter
case. Externalities may arise both on the production and consumption side of the economy. A
famous type of production externalities is the category known as “the tragedy of the
commons’ (Hardin 1968). If there is common ownership of land, each owner has an incentive
to let his cattle graze more than is rational from the viewpoint of the group of owners as a
whole. A more modern example is where a manufacturing plant releases emissions into air,
soil or water so as to affect negatively the production possibilities or costs of firmsin the
tourism or fishing industries. This case can be seen as another example of the tragedy of the
commons, since the natural recipients can be defined as commons in a more gereral sense®. A
central example of consumption externalities is traffic congestion, which arises from the fact
that no individual car owner has an incentive to take account of the additional cost imposed
on other drivers by his own car use. Thus, externalities may be generated by actions both by

producers and consumers, and they may also affect both producers and consumers. A

! Itisinteresting to note that as late as 1957, George Stigler wrote that after Marshall, it was left for Pigou “to
elaborate, and exaggerate, the importance of this source of disharmonies’ (Stigler 1957). With the increasing
awareness of environmental problems over the last few decades, few would now argue that Pigou was guilty of
any exaggeration.

2 |n addition to its effect on production possibilities, this type of emissions also has negative consequences for
consumers through health effects and the degradation of natural beauty.



common element of the examples is that the agents who generate the externalities increase the
costs or reduce the benefits of other agents. The competitive price mechanism fails to equate
marginal socia costs and marginal social benefits. Another unifying perspective on these
examples is that negative externalities from the consumption or production of private goods

reduce the availability of public goods like clean air, clean water or uncongested roads.

It is far from obvious that, having identified potential cases of market failure, economists
should proceed to recommend government action for their resolution. In a commons type of
situation in which there is arelatively small number of agents, each one of them will have an
incentive to negotiate a contract with the other affected partiesin order to arrive at an efficient
solution; this is the argument developed in the influential paper by Coase (1960). However, as
the number of affected agents becomes large, individual incentives to enter into costly
negotiations become very weak. A natural outcome in such cases is that the responsibility to
arrive at asocialy efficient solution comes to rest on some political authority, be it local,
national or even global. Even in the context of alarge number of agents, however, attempts by
the government to improve on the market outcome may not be successful; there are policy
failures as well as market failures. Policy recommendations should take into account whether

or not government isin fact likely to improve on the performance of an imperfect market.

The inefficiency generated by environmental externalities arises because individual agents do
not take account of the effects of their own actions on the welfare of others. Levying atax on
the action in question that reflects the social impact of these harmful effects, leads agents to
act asif they take the effects into account. The optimal environmental tax internalizes the

externality and restores the efficiency of the market mechanism.

How high should optimal environmental taxes be? There are two issues here, one concerning
the theoretical principles behind the determination of the taxes and one that concerns the

empirical implementation of these principles.

The theoretical principles can briefly be described as follows: If the damage takes the form of
deterioration of an environmental public good, the tax should reflect the margina loss to
society as awhole of that deterioration, and that marginal value is the sum of the losses
suffered by all agents affected by the externality. In the perfect world of first-best welfare
economics, these corrective or Pigouvian taxes are the only indirect taxes that are consistent



with an efficient market equilibrium. Any further revenue to finance public expenditure or
redistribute incomes should be raised by individualized lump-sum taxes®. When, more
realistically, distortionary taxes have to be used for revenue purposes, a Pigouvian element
should be included in the second-best optimal taxes for the commaodities that generate the
externalities. In both cases one sees the operation of the principle of targeting; the tax
incentive aimsto affect the decisions that directly influence the externality and to be as

neutral as possible with respect to other decisions.

How should one estimate the marginal social loss or damage? Obvioudly, an estimate that is
built up from information about the losses suffered by thousands or millions of individuals is
not practicable, and smpler methods have to be employed. The value of the ideal theoretical
measure of marginal social damage is mainly to guide on€e's thoughts in the selection of a
practical estimation procedure. Empirical analyses of environmental taxes typically start with
some target reduction in the amount of emissions and then ask what level of taxes (or other
instruments) is required to achieve the target. For this procedure to be optimal, one must
assume thet the target reduction has been chosen as aresult of a cost-benefit analysis of the

benefits and costs of the reduction in emissions.

Although the use of taxes is not the only alternative for policy implementation, they have a
number of advantages from an efficiency point of view. Consider the case where the
externality is generated through the activities of alarge number of individual firms, and where
the government’s aim is to reduce the aggregate level of these activities. To reduce the
activity in question imposes a cost on each individual polluter, and in the interests of
production efficiency one would like the total cost of achieving the reduction to be as small as
possible. Assuming that the margina cost is increasing, thisis achieved when al polluters
have the same marginal cost of pollution reduction, which will be the case when they all face
the same tax. If the polluters are consumers instead of firms, the argument has to be modified
in terms of expenditure rather than cost, and the effect of the tax isto achieve consumption
efficiency rather than production efficiency, but the basic economic insight is the same: The
environmental tax can achieve the desired reduction of the activity in question at a minimum

of sacrificeto society asawhole.

3 A simple model of the first-best caseis set out in Appendix A below.
* The principles of second-best environmental taxation were discussed in Sandmo (1976); see also Sandmo
(2000, ch. 5).



2. Alternativesto taxes

The main alternative to taxes is the use of quantitative regulations or quotas. In principle, it is
clear that if one wishes to achieve a given reduction of the level of some harmful activity, this
can in fact be done either by taxes or quotas, and various versions of a quota system have
been widely used in practice. In judging the efficiency aspects of quota systems, one has to
distinguish between fixed and transferable quotas.

In principle, any quota system presumes that a quota be levied on each individual polluter.
With afixed quota, the polluter must limit his emissions to the quota that has been allocated
to him; if he exceeds it, heis liable to punishment. The environment can be regarded as a
public good that is being “produced” by the actions of alarge number of individual polluters;
areduction of emissions produces more environmental quality. Since efficiency in production
implies that the marginal cost of production should be the same for al producers, quotas
should be tight for polluters with alow margina cost of reducing pollution and liberal for
high-cost polluters. Imposing individual quotas on polluters according to this principle raises
enormous informational problems if the number of pollutersislarge. Inpractice, therefore,
some simpler rule - like basing quotas on past emissions - has to be found, and thisis likely to

violate the requirement of production efficiency®.

An alternative to the fixed quota system is to make quotas transferable between polluters.
Someone who finds that it is extremely costly to meet the demands of the quota may buy
additional units of quota from another polluter whose cost of reducing emissionsis relatively
low. Suppose that there is a large number of polluters, and consequently alarge volume of
guota units being traded. One could then imagine a competitive equilibrium in quotas, where
all polluters buy or sell quota units at a uniform price such the demand for quotas equals the
supply. Cost minimization on the part of polluters implies that they will reduce pollution to
the point where the marginal cost of reducing pollution is equal to the price of a unit of quota.

But this means that the marginal cost of reducing pollution will be the same for al polluters,

® In Sandmo (2002) | consider the extent to which the expected fine for quota violations can play the same role
as an environmental tax inachieving production efficiency, and show that thiswill be true only in very special
cases.



so that production efficiency obtains under the system of transferable quotas, just as with a tax

on emissions.

In fact, the equivalence between the two systems can be pushed even further. The optimal
Pigouvian tax rate on emissions will result in some overal level of pollution. Suppose that
one starts with the optimal level of emissions and issues quotas in exactly this amount. Then
the equilibrium unit price of quotas will be exactly equal to the Pigouvian tax rate. If the
initial ownership in the quotas rests with the government, it could sell quotas to private
polluters - either through some type of quota exchange system or by auctions - and collect the
same amount in sales revenue as it would otherwise collect in taxes. Thus, both in terms of
production efficiency and in their implications for government revenue, environmental taxes

and transferable quotas are equivalent.

In choosing between the two systems, one must rely on considerations that have not been
included in the present discussion, and an obvious item that has been left aside is the cost of
administration. This includes, first, the cost of the necessary bureaucracy in setting up the
systems and running their daily operations. Second, it would include the resources necessary
to control environmental tax evasion and quota violations. The relative costs of taxes versus
quotas are likely to be specific to the particular type of environmental pollution being
considered, so that it is difficult to draw a general conclusion concerning the relative costs of
running atax or quota system. Another consideration that might be important for social and
political acceptance has to do with the percelved morality of the two systems. It is not unusual
to hear it said that the government should not be allowed to earn money on socially harmful
activities. Thisisapoint of view that is based on a complete misunderstanding of the role of
incentives, and in any case it is an argument against both taxes and transferable quotas®. A
more subtle point is that under the tax system, polluters pay for the harmful activities that they
have in fact undertaken, whereas under the quota system they buy themselves the right to
carry out these activities in the future, and the latter case may possibly be seen as moraly

more objectionable than the former.

® Infact, it could also be seen as an argument against fixed quotas, since these, to be effective, must obviously
specify punishments for quotaviolations. If punishment takes the form of fines, the government will be getting
revenue from pollution activitiesin this case al so.



We conclude that a system of transferable quotas is an aternative to the use of environmental
taxes that has many of the same properties. If wisely used, it leads individual economic agents
to modify their behaviour in away which leads the market system to function efficiently, even
in the presence of external effects. Keeping this result in mind, we now revert to the case of
environmental taxes. Are there other gains or “socia dividends’ from the use of
environmental taxes? So far, we have neglected the possible benefit of the tax revenue that

accrues to the government. Could this revenue generate additional dividends for society?

3. Thedoubledividend issue.

The introduction of environmental taxes creates a new source of tax revenue for the
government. Because this happens without any efficiency loss to the economy - at least not in
the ideal version of the tax system - the revenue can be seen as a pure transfer between the
private and public sector, just like the individualized lump sum taxes familiar from welfare
economics. However, a number of researchers have pointed out that this new source of
revenue may in fact create a social gain for the economy over and above its effect on the
environment, so it has become customary to speak of “the double dividend”. The second
dividend has been defined in several different ways, but it may be useful to distinguish
between three kinds.

First, if one assumes that the level of public expenditure isto be held constant during the
process of introducing environmental taxes, thisimplies that other taxes will have to play a
smaller role in the economy, leading to a reduction of other indirect and direct taxes. The
reduced role of distortionary taxes in the economy will diminish the overall efficiency loss
from taxation, so that this tax efficiency dividend comes in addition to the environmental

dividend. This is the most fundamental notion of the double dividend.

Second, however, one may question the rationale of assuming constant tax revenue. If the tax
system as a whole becomes more efficient, it may not be rational to hold the level of public
expenditure constant. An optimal level of public expenditure should satisfy the condition that
the margina value of the expenditure should be equal to its marginal socia cost. The latter
has two components: There is the direct resource cost of factor use, and in addition there is
the efficiency cost of the taxes used to withdraw the resources from the private sector. With

the introduction of environmental taxes, the tax system as a whole becomes more efficient and



the efficiency cost goes down. This may justify higher public expenditure, and the
justification is obvioudly stronger, the less efficient the tax system was at the time of

introduction of environmertal taxes.

Third, much attention has been given to the possibility that a green tax reform might lead to a
reduction of unemployment. The idea behind this possibility is that wages, for a variety of
possible reasons, are in fact set above the level required for full employment, with actua
employment being determined from the demand side of the labour market. An increase of
environmental or “green” taxation in combination with a reduction of the payroll tax would
lower labour cost to employers, increase the demand for labour and consequently reduce

unemployment (assuming a constant supply of labour).

All the three candidates for the second dividend have been subjected to intensive theoretical
research; for recent surveys see Goulder (1995), Bovenberg (1999) and Schob (2003). The
research has demonstrated that any of the three versions of the double dividend hypothesis are
indeed possible outcomes of a green tax reform, but that a positive second dividend is by no
means assured. Here we can only touch on the reasons for these ambiguities. In the case of the
tax efficiency dividend, whether or not it is realized depends on which distortionary taxes are
being cut. Suppose e.g. that the tax system discourages labour, but that the proposal for a
green tax reform does not involve the reduction of taxes on labour; instead, it is proposed to
cut taxes on consumer goods that in fact are complementary with leisure. It is easy to see that
this reform could exacerbate the distortion of the labour-leisure choice and increase the

overall efficiency loss from the tax system. This could aso increase the margina cost of
public funds and thus jeopardize the public expenditure dividend. In the case of the
employment dividend, a complicating issue is the incidence effect of the tax changes. It seems
unrealistic to believe that a trade union will not try to capture some of the benefits from a
reduction of the payroll tax in the form of higher gross wages; in addition, it might demand
compensation for the increase of indirect taxes. The result is that there is no guarantee that

gross wages will fall and that employment will go up.

To conclude this brief review of the double dividend arguments, there are no guarantees that a
green tax reform will also involve a secondary dividend in terms of a more efficient tax
system, alower social cost of public expenditure or a decrease of unemployment. However,
this should not be construed to mean that a secondary dividend is not possible. What the



literature does point out is that the secondary gain depends on the precise nature of the reform,
i.e. on all the components of the proposed tax reform. If the reform is carried out with careful
attention to the interaction between taxes and markets, it has the potential to result in a double
dividend. Finally, it should be stressed that the empirical magnitude of the dividends will
depend not on the magnitudes of the tax rates as such, but on their effects on quantities, as
reflected in the elasticities of demand and supply.

4. Distributional concerns.

One important objection to the introduction of environmental taxes focuses on the
distributional effects. A greater role for environmental taxes means, it is argued, more
emphasis on indirect taxes, and consequently a diminished role for the tax system in the
redistribution of income. A green tax reform may improve efficiency, but it does so at the cost
of redistributing income from the poor to the rich. This is particularly important in the case of
energy taxes. Expenditure on energy, particularly for heating and cooking, weighs more
heavily in low-income budgets, so that higher energy prices redistribute income in disfavour
of the poor. There are several reasons why this view is too smplified, and one needs to

consider more carefully exactly how such a reform is carried out.

If one imagines, in line with the first of the three double dividend hypotheses, that an increase
of environmental taxation is combined with cuts in the direct taxation of income and wealth, it
is a reasonable hypothesis that the substitution of indirect for direct taxes will involve more
inequality of after-tax income. But there is no particular reason why the tax cuts should be
carried out with a complete disregard for their distributional impact. A society that cares both
about efficiency and equity could let any adverse distributional effects of a green tax reform
be compensated by changes in the degree of progressivity of the combined system of direct
taxation and income transfers, or it could substitute green taxes for other indirect taxes that
have a less egalitarian profile. Some economists would go as far as to argue that
environmental taxes should be set with sole regard for their main function, which isto
internalize environmental externalities, while there are other instruments of policy which are

better suited for redistribution of income.

How convincing this argument is, obviously depends on how effective the other instruments

are in terms of achieving redistributive goals. If a country has a progressive tax system of
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direct taxation, a well-developed system of social assistance and social security aswell asa
system of differentiated regional transfers, the distributional argument against environmental
taxes is weak. The less the degree to which these assumptions are satisfied, the more
important it becomes to strike a balance between efficiency and equity considerations in the

design of environmental taxes’.

However, there is also a need to take awider view. Suppose that an environmental tax is
levied on a consumer good which has harmful environmental effects. This has two distinct
effects on the welfare of the consumer. On the one hand he suffers aloss of real income, since
the price of one of the goods that he consumes has gone up. On the other hand the tax
increases the quality of the environment, which isagain. In judging the overall distributional
impact of the tax one has to take account of both effects. Even if the consumption of this good
were proportional to income, so that a price increase had no effects on the distribution of real
incomes, the tax increase could still benefit the poor, provided that the environmental impact
of the tax were such as to benefit them in particular. Of course the reverse effect isalso a
possibility; the main point is that both effects have to be taken into account in a serious study
of the distributional effects of environmental taxes®.

5. Application to developing countries.

The theory of environmental externalities has been developed mainly with a view towards
application in industrialized countries. Nevertheless, when one reads the literature on
environmental taxation, one may easily get the impression that its policy conclusions make a
claim to aimost universal validity. There are hardly any explicit discussions of the

institutional framework in which the policies are assumed to work, and one has to look behind
the formal apparatus in order to discover that there are in fact some implicit assumptions that
should make one cautious about applying the conclusions to countries at a different stage of
development. An example of such an assumption is that markets work in away that can at

least roughly be described as perfect competition. Another is that the statutory taxes are at

’ Dinan and Rogers (2002) analyze the related problem of the distributional effects of a system of tradable
carbon quotasin the United States. It turns out that the impact of the system across five income groupsis
crucially dependent of the assumption that they make about offsetting changesin the tax system

8 A further complication in the study of distributional effects of energy taxesisthat energy is not only a
consumption good but also a factor of production. Higher energy prices will lead to higher prices of consumption
goods that are produced by energy-intensive technologies, and afull study of tax incidence would have to take
account of these general equilibrium effects.

11



least roughly equal to effective taxes, i.e. there is no major problem of avoidance or evasion.
Last but not least, it is assumed that a policy of environmental taxation can to a large extent be
designed without much regard for its distributional impact. The reason for this view is the one
mentioned above, viz. that any adverse distributional effects can be neutralized by means of
compensating changes in direct taxation. None of these assumptions is completely realistic in
industrial countries either, but in the context of developing countries they are much more
likely to be seriously misleading. In particular, the assumption that environmental tax design
can be completely isolated from redistributive aspects becomes very doubtful in countries
where direct taxes are of little importance because of problems with taxpayer literacy and

inadequate resources for tax administration.

Another area where the theory of environmental taxation perhaps needs a different emphasis
isin the nature of the externalities caused by environmenta pollution. In industrialized
countries the emphasis has been on the environment as a public consumption good. But as
Dasgupta (2001) and others have pointed out, environmental pollution and resource depletion
in developing countries are likely to have major effects on the productive economic base of
society and so have more direct material consequences for the standard of living of poor
people. In fact, environmental degradation not only worsens the material conditions under
which poor people live, it also causes poverty through the incentive mechanisms that exist in
subsistence agriculture. One example of such a mechanism is where the need to provide cheap
fuel for heating and cooking leads poor farmers to cut down the trees on their soil. This may
start or speed up a process of soil erosion which makes the conditions for farming worse than
they were before. This perspective on the link between the environment and the standard of
living is a different one from that which we find in some of the literature, where
environmental goods tend to be regarded as luxury consumption goods, something that one

can afford once the more important consumer needs have been satisfied.

6. Global externalities.
Many types of environmental externalities are transnational; harmful emissions in one country
are carried by land, sea or air to cause damage in other countries. In some cases, like the

emission of greenhouse gases that contribute to global warming, al countries are both

polluters and victims of pollution. A direct application of standard insights should lead one to
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recommend taxes on polluters in order that they may internalize the damages that they cause.

But there are some difficulties with this solution in an international setting.

The most obvious complication is that there exists at present no international authority to
impose taxes and collect revenue. In a single country, the government that makes decisions
about tax rates can also provide the resources for tax administration and enforcement. People
who are opposed to a new tax in their own country because they stand to lose by it, will
nevertheless be forced to pay it. But in the international community of nations, with a
proposal to impose a uniform tax on e.g. CO, emissions each nation has to agree to the
proposal on avoluntary basis. This creates a challenge for tax design which has no direct

counterpart in national tax policy.

In spite of this, it is of considerable interest to analyze the problem of optimal tax design from
the viewpoint of global welfare maximizatior®. This must not be taken to imply that thereisin
fact some world authority that can actually implement such a policy, but it is a theoretical
approach that leads to a better understanding of the trade-off between efficiency and equity
considerations in global tax design. Thus, one issue that can be discussed in this framework is
whether such a globally optimal tax should reflect equity consideration. Some proponents of
the CO» tax, which will be discussed in more detail below, claim that it should be designed so
asto satisfy the conditions for world production efficiency. Indeed, to ensure that emissions
will be reduced most where the marginal cost is lowest is claimed to be the main advantage of
the tax. The question is whether this will lead to an ethically acceptable distribution of the
cost between rich and poor countries. If not, should one design compensatory transfers, or

should the design of the environmental taxes themselves have built-in distributional elements?

Suppose for simplicity that the world consists of two countries, one rich and one devel oping™®.
Consumers in each of the two countries have preferences defined on their own consumption

of private goods; in addition, their utility or standard of living is affected by a negative global
externality which is caused by total world production of a particular commodity. Each country

would have an incentive to impose atax on the commodity in question, but since it cannot be

° Although the analysis of this paper relates to optimal tax design, the results are also applicable to the problem
of tax reform. The insights that we get from e.g. studying the optimal combination of environmental and other
indirect taxes have a direct application to the study of the welfare effects from substituting environmental for
other indirect taxes.

19 Appendix B devel ops amathematical model of this case.
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expected to take account on the damage caused in the rest of the world, there is a strong
presumption that the taxesin al countries would be too low compared to the global
cooperative optimum**. Globa welfare maximization would imply a tax that is related to the
globa sum of margina benefits to world consumers. Thisis obtained by first computing the

sum for al consumersin each of the countries and then summing across countries.

An important question is whether, in assessing the global sum of benefits, the benefits
received by consumers in rich and poor countries should receive the same weight. The
benefits received by each consumer is his marginal willingness to pay for environmental
improvement, and this benefit, assuming that it could be €elicited in an empirically reliable
manner, would reflect both his preferences and his ability to pay. We may not find it ethically
acceptable that the benefit received by a poor African peasant should count for so little in the
assessment of the global benefit just because he is so poor, and from an egalitarian
perspective it would seem reasonable to give a higher weight to his benefit than to a
representative consumer in arich country. This problem is of specia importance in an
international context because redistributive taxation and transfers are clearly of much less
importance internationally than it is within any particular country. Appendix B analyzes two
polar cases of international redistribution. In the first case there is perfect redistribution in
each country, but no international redistribution. In the second case the assumption of perfect
within-country redistribution is preserved, while there is now assumed to be perfect
international redistribution also. The analysis then focuses on the characterization of the

optimal environmental tax under the two polar assumptions®?.

Should the tax be uniform or differentiated between rich and poor countries? With perfect
international transfers and free international trade the answer is clear: The tax should be
uniform. In this case the world - at least in economic terms - is like the single jurisdiction of

the original Samuelson (1954) analysis of optimal public goods supply. Then the policy

M For theoretical analyses of this presumption and the extent of its validity, see Williams (1966) and Boskin
(1973). Their discussions are set in the related context of local governments providing public goods with
jurisdictional spillovers.

12 Both of the two polar cases are obviously unrealistic. National redistribution is not perfect and non-
distortionary, and international redistribution, while it does occur, isfar from the lump-sum ideal of welfare
economics. But the study of polar cases has along history in economics. In international economics, in
particular, thereisalong tradition for studying the contrast between autarky and perfectly free trade, none of
which are realistic descriptions of actual economies. Another polar case assumption in international economics
of the Heckscher-Ohlin variety is that factors of production are perfectly mobile within the national economies,
but completely immobile internationally.
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objectives of efficiency and equity can be separated from each other, and in particular we
would have production efficiency: The marginal cost of environmental improvement should
be the same in rich and poor countries. However, if there are no transfers and the social
welfare function is egalitarian, more weight should be placed on the willingness to pay of the
citizens in the poor country. In that case production efficiency is no longer desirable, and the
global optimum is a situation where the tax as well as the marginal cost of improving the
environment is lower in the developing country™®. From the viewpoint of world welfare, it is
rational to increase the global cost of environmental improvement if by so doing one can
ensure that the poor country bears less of the cost burden. When lump sum transfers are ruled
out, we are in the world of the second best where redistributive concerns may have to be

reflected in the design of the system of commodity taxes.

Which of the two polar assumptions is the more realistic one? Anyone who observes the
extent of world income inequality and the amount of international transfers will have
difficulties with concluding that his observations can be interpreted as the outcome of global
welfare maximization; the case without international transfers is therefore the one that comes
closest to reality. To implement such a scheme is, however, far from smple. A major
difficulty is that in the real world of many countries there is no simple division of countries
into the “developing” and “rich” categories, and a system by which every country pays the tax
at adifferent rate raises major political and administrative difficulties. The problem is even
more complicated if one envisages several global pollutants with associated tax rates, where

for each tax rate one needs to strike a balance between cost efficiency and distributional

equity.

The approach to tax design via global welfare optimizationleaves open the question of its
institutional and political foundation. Clearly, such atax will have to be based on some kind
of international agreement, possibly in combination with the creation of aworld tax authority.
To ensure voluntary participation by al countries, the tax would have to be designed in such a
way that all countries gain by it. All countries will gain from a better global environment, but

since both the gains and the tax payments are likely to be unevenly distributed between

13 |n the limit, as the relative weight put on the consumption of people in the poor country becomes very large,
the whol e burden of reducing global pollution should fall on the rich country, and the tax on the poor country
should be zero. This case could be seen as an application of Rawls’ difference principle to the problem of
international redistribution. However, Rawls (1999) warns against a simple-minded application of the principle
to international relations.
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countries, it is not clear that the net gain - the environmental gain minus taxes paid - will be
positive for all countries. But the income received by the world tax authority could be
redistributed to the participating countries so that net gains are assured for all participants; the
redistribution scheme could aso be designed such that the poor countries would gain more

than the rich. These issues are considered further below.

7. Tax design and political acceptability.

What are the prospects for establishing a system of global environmental taxation? We have
seen that a strong case can be established for such a system on the basis of welfare economics,
but what are the prospects for its implementation? With regard to the case of greenhouse gas
emissions, James Poterba no doubt expresses a common view among economists when he

writes

“....while efficiency considerations create a presumption for using coordinated international
policies to ater greenhouse gas emissions, the prospects for such action are bleak” (Poterba
(1993), p. 48).

There are two main reasons for the pessimistic view. One is that actions taken to prevent or
slow down globa warming involve the certainty of present costs against the uncertainty of
future benefits. The uncertainty element comes in because of our incomplete knowledge
concerning the effects of greenhouse gas emissions on the globa climate in the future. The
time element is also of major importance in judging the probability of political enactment.
The time perspective in global warming is so long that even with moderate rates of time
discounting the costs will easily come to dominate the benefits. This particular ground for

pessimism, it should be stressed, applies both to a single country and to the world community.

The second reason for pessimism is the fact that an efficient tax policy for global
environmental improvement presupposes coordinated action among countries, but with each
country knowing that the main beneficiaries from its own actions will be other countries. This
creates an incentive for each country to be a free rider on the policies of the others, leading to
apolitical equilibrium where all countries believe that inadequate action is taken, but where

all feel powerless to break out of the low tax equilibrium trap. It would seem fruitful,
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therefore, to try to search for arguments that would increase the probability of political

adoption of global environmental taxes.

One such argument would be that of the double dividend. From a domestic point of view,
increasing the tax on fossil fuels would not only correct a market failure, it would aso enable
the national government to cut other taxes or to expand public expenditure at a lower
efficiency cost. Note, however, that this argument provides no answer to the pessimism

stemming from the long time horizon and the free rider problem.

Another approach would be to introduce global environmental taxes in conjunction with a
commitment to use the revenue for a specific purpose, asin the current proposal to use it for
promoting economic development. The emission of greenhouse gases contributes to a
deterioration of the quality of the atmosphere, the most global of all commons. Taxes on
emissions could then be seen as charges for use of the common property, to be redistributed to
the owners - al the world’s countries - on the basis of some criterion of distributive justice.
Exactly what that criterion should be, would be a matter for deliberation between the parties
to the treaty, but it would clearly have to favour the developing world, while the rich countries
would pay the larger share of the taxes. In coupling proposals of new taxes to improve the
global efficiency of resource allocation and redistributing income in favour of the poor, the
approach might stand a better chance of political acceptance than either of the two proposals

would be likely to muster on their own.

Is such a scheme likely to attract the support of the rich countries? The presumption is that a
slow-down of global warming would be a benefit to all*#; at the same time, however, there
would be a net transfer of tax revenue from the rich to the developing countries. On a narrow
calculation of national self-interest, some rich countries might find the proposal unattractive.
However, wider considerations of the fairness involved in charging for the use of the global
commons as well as the attainment of a more equitable distribution of world income might

still appeal to an extended notion of the national self-interest™®.

14 Cooper (1998) and Poterba (1993) cite evidence that countries like Canada and Russia might profit from
global warming mainly because of higher agricultural yields. This might seem a narrow concept of the national
interest, but in any case the possibility that afew countries could come to gain from global warmingisnot a
crucial argument against the scheme.

15 Newbery (1990) and Maler (1991) analyze cost-efficient reduction of sulphur emissions in a European context
and identify the countries that gain or lose by an efficient policy. Méaler also develops a system for revenue
distribution that makes all countries that participate in the policy into net beneficiaries by the arrangement.
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There are several aternatives regarding the construction of a system of global environmental
taxation that combines efficiency and equity considerations. From the previous discussion two

main alternatives emerge:

A) A uniform tax designed to promote production efficiency combined with a separate

system for equity-based distribution of the tax revenue.

B) A non-uniform tax with rates depending on the income level of the tax-collecting

country.

In addition, asimplified case of B) would be

C) A positive efficiency-based rate of tax on the rich countries combined with a zero tax

on developing countries.

An important issue of system design is that a politically acceptable treaty needs to the largest
extent possible to be based on criteria that are capable of empirical verification and are easy to
understand. None of the three alternatives satisfy this requirement completely; thisis
unavoidable because they al involve an element of redistribution, which clearly must be
based on value judgements. My own view is that alternative A is better than B and C on this
score. The basic issues involved are the same, but A has a separation of efficiency and equity
considerations which implies that the tax rate and the redistribution system could more easily
be negotiated separately than in the other two cases. The ranking of alternatives B and C is
more difficult. \°Alternative C has much to recommend it in the way of simplicity. On the
other hand, the redistributive element is weaker than in B, since countries are simply divided
into two groups with no within-group redistribution. Having just two tax rates instead of the
several rates required by aternative B may be an advantage from an administrative and
political point of view; on the other hand, setting the dividing line (presumably in terms of per

capita income) between the two groups becomes of great significance, imposing a high

Something similar could clearly be worked out on aglobal scale, which would imply that the rich countries
would also get a share of the tax revenue.

18 The analysisof Appendix B does not provide much help in this ranking, since it assumes just two countries,
and the difference between alternatives B and C becomes really significant when there are several countries.
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marginal tax on the country which makes the transition from developing to “rich”. " Perhaps

the simplicity of aternative C should be decisive in ranking it ahead of B.

It needs to be kept in mind that countries at present have widely different effective rates of tax
on the emission of greenhouse gases; even within each country there will be a variety of
effective rates, depending on the source of emissions. If countries were to impose a new
uniform tax on themselves, effective tax rates would not be equal. It is the effective post-
reform rate of tax which, according to alternative A, should be equalized across countries, and
this means that allowance must be made for pre-existing taxes. Effective rates of tax should
then be equalized within each country, and the single effective rate should be brought in line
with the international rate. In all probability this would lead to an increase of the overal rate
of tax in aglobal perspective, but it is also likely that some rates in some countries would
have to be cut in order to achieve global uniformity. This argument obviously has to be
modified if one were to adopt any one of the tax systems B or C instead of A, but there would
still be a strong case for a uniform rate of tax within each rich country and between the group

of rich countries.

8. Caoallecting the tax.

The argument in favour of environmental taxes is that they change the incentives of the
individual economic agents whose actions are the causes of the externalities. A treaty between
countries that just obliges the individua country to pay taxes in proportion to its emissions
leaves open the question of how the country passes this obligation on to its citizens; see the
more detailed discussion of “fiscal architecture” in Atkinson (2003b). If the government in
guestion decides to finance this tax payment out of its general tax revenue, the individual
incentives would not be such as to promote domestic or global efficiency. On the other hand,
the domestic government clearly has an interest in designing a tax system with the right
incentives; giving firms and consumers incentives to cut back on emissions would at the same
time diminish the government’ s tax obligations under the treaty. This issueis discussed in
more detail in the article by Boadway in this volume (Boadway, 2003).

" However, even a developing country not obliged to pay any tax under the treaty could find it in its own
interest to levy such taxes for the purely domestic interest in reaping one or more of the second dividends
discussed above.
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As regards the institutional framework for collecting the tax and spending the revenue, several
arrangements might be considered, and the detailed institutional framework would obviously
have to be considered later. Nevertheless, a few genera remarks are in order. Taxes in each
individual country, e.g. on the use of fossil fuels, would have to be collected by the domestic
government and paid by it to an international agency. Whether this should be a new and
separate institution or whether the tax-collecting task could be incorporated in an existing
ingtitution, is difficult to say. There are presumably cost advantages to not having to build a
new international agency from the ground. However, if the agency is put in charge of
collecting revenue from a number of different sources (globa environmental taxes, the Tobin
tax, a global lottery etc.) there is more to be said for establishing it as a separate ingtitution.
One also needs to consider the next step of channelling the revenue into development finance.
The agency would need to develop a system for passing the revenue on to institutions that are
actually in charge of alocating resources to development projects. A crucial question isthen
whether the transfer of funds should take place according to some fixed rule or whether the
agency itself should develop priorities among projects and recelving institutions. This should
probably be among the first issues to be discussed among the parties to international treaties

about the various new sources of development funding.

9. Revenue potential of environmental taxes.

There are anumber of activities that give rise to external effects that cross borders and could
be said to be harmful to the global environment. However, at least for the purpose of the
present discussion, it will be useful to limit discussion to the types of pollution that most
directly affect the global commons, viz. the emission of greenhouse gases, in particular atax
on carbon (CO,) emissions. What is the revenue potential of such taxes? How important could

they be in providing additional funds for development finance?

The answer seems to be that they could be very important, but that there are a number of
uncertainties attached to the estimation of their revenue potential. The World Devel opment
Report 1999/2000 estimates world emissions of carbon dioxide at 22,754 million metric tons
in 1996 (World Bank, 2000, p. 249), equivalent at a conversion factor of 3.67 to 6.2 billion
metric tons of carbon. Clunies-Ross (2003) points out that a uniform tax on carbon use at a

rate of US $ 21 per metric ton of carbon (equivalent to a gasoline tax of 4.8 cents per US
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gallon or roughly 0.01 EUR per litre)*® would yield annual revenue of about US $130 billion
per year. This assumes that the tax is levied at a uniform rate on al countries. If instead it is
assumed that it is levied only on those countries that according to the World Bank are
classified as “high income’, having a per capitaincome of at least US $9,361 in 1996, the
figure drops to about US $61 billion per year. When these figures are compared to estimates
of the additional resources required to reach the Millennium Development Goals by 2015,
which are in the range of US $30-70 billion per year (Atkinson, 2003a), it is clear that the
revenue potential isindeed very large, even for such a modest rate of tax. Cooper (1998) cites
an OECD study that estimates the revenue from a carbon tax on alower tax base (5.2 billion
metric tons) at US $750 billion per year. Thisis amost six times the amount suggested by
Clunies-Ross, being based on atax rate of approximately US $150 per metric ton (the
equivalent of approximately 35 cents per US gallon or 0.08 EUR per litre®. Both this and the
more modest Clunies-Ross revenue estimates are very high. Thus, even the latter would
amount to about 2.5 times the current level of Official Development Assistance in the case of
aworld-wide tax, and to 1.2 times the level of ODA if only high-income countries are
included. The significance of the estimates lies of course not in the precise numbers, but in the

indications they give of the order of magnitude involved.

There are both economic and political reasons why these estimates might be too high. Oneis
that the calculations assume that carbon use is unaffected by the tax, presumably because of
an assumption that the demand price elasticity is very low. The assumption of a zero price
elasticity is of course somewhat paradoxical, because it means that the tax has in fact no effect
on CO, emissions and that there is no environmental benefit from it. Although the assumption
appears to be consistent with experiences of short-run fluctuations in e.g. gasoline prices, it is
clearly the more long-run elasticities that are relevant in this context. These are likely to be
negative, which must lead to a downward adjustment of the tax base. There seemsto be a
consensus that although short-run elasticities might well be close to zero, long-run elasticities
are more likely to be in the neighbourhood of -0.5to -1.5 (Pindyck, 1979). For illustrative
purposes, let us assume that the relevant long-run elasticity is-1. The Clunies-Ross proposal
of atax equivaent to 0.01 EUR per litre of gasoline implies a price increase (assuming the
producer price to be constant at about 1.00 EUR) of roughly 1 percent, which would lead to a

'8 For comparison, thisis about one tenth of the current Norwegian carbon tax.
19 Thisis approximately 60 per cent of the current carbon component of the Norwegian gasoline tax and less than
10 per cent of the total gasoline tax.
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one per cent reduction of the tax base. Thus, his revenue estimates would have to be reduced
downwards by about one per cent, clearly avery insignificant revision of the original

caculations.

It should be kept in mind, however, that the rate of tax envisaged by Clunies-Ross is very low
compared to those suggested in the literature on global warming. E.g., Cooper (1998) and
Poterba (1991) suggest that in order to achieve a significant reduction of emissions, atax in
the range of $100-120 per metric ton would be necessary. Whalley and Wiggle (1991)
estimate that a tax of about $450 - more than twenty times the level assumed by Clunies-Ross
- is needed to reduce carbon use by 50 per cent. With atax rate of this magnitude, the
calculation of revenue on the basis of a constant tax base is apt to be more misleading. The
size of the tax base will in fact have to be adjusted downwards by a percentage equal to the
product of the tax rate and the price élasticity. To illustrate, take again the Clunies-Ross case
of 6.2 million metric tons as the initial tax base. With an elasticity of -1 and atax rate of 20
per cent, the tax base must be reduced by afactor of 20 per cent. However, with the higher tax
rate, the tax revenue is still higher than with the lower tax rate; in fact, with an elasticity of -1

revenue is increasing for all tax rates up to one hundred per cent.?°

The role of the price elaticity of carbon use is worth emphasizing. If policy makers want to
use the tax both in order to reach atarget level of emissions and a revenue target, achieving
the emissions target requires a lower tax, the more elastic the tax base is. On the other hand, a
high elasticity means that a higher tax is needed to meet the revenue target. If the elasticity is
in fact quite low, it is therefore likely that a carbon tax which is decided with the objective of
raising a certain revenue for development purposes is likely to be lower than that required to

meet environmental objectives.

In spite of the uncertainty that is attached to the magnitude of the relevant elasticities, there
can be no doubt that the revenue potential of a global carbon tax is very high. A modest rate
of tax, whether levelled globally or only on the rich countries emissions, would be likely to
raise huge revenues that could potentially be channelled into economic development. But one

needs to keep in mind that the estimate of the revenue potential of the carbon tax might not

20| t jsthe tax rate and x is the tax base, revenue isR=tx. The effect of atax increase on revenue, assuming the
producer price to be constant, can be written as ?R/?t=x(1+ ?e), where ? is the tax rate in percentage terms and e
isthe price elasticity of demand. For the special case where e=-1, we accordingly have that ?R/?t=x(1-?).
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reflect a corresponding increase in tax revenue available for development assistance.
Adoption of the global carbon tax would imply alarge increase in the outflow of resources for
development purposes, and the political system could well react to this by cutting back the
amount of ODA over time, or increasing it by less than they would have done, had the global

carbon tax not been in place.

10. Concluding remarks.

The economic case for global environmental taxes, primarily to control the climate
externalities that are of increasing concern to public opinion, isvery strong. Since these taxes
can be seen as charges for use of the global commons, there is aso a strong moral case for
earmarking the revenue for global development purposes. Thereis at present wide-spread
pessimism concerning the political realism of introducing such taxes; however, earmarking
the revenue for development purposes might in fact enhance their political acceptability. The
revenue potential of this type of tax appears to be large. A global carbon tax even at modest
rates could alone generate sufficient revenue to finance the Millennium Development Goals,
and with a higher tax rate - one that is designed to achieve a substantial environmental

improvement - the potential could be increased even further.

If such a system of taxes were to become enacted, one would clearly be justified in speaking
of an international double dividend. First, there would be an improvement of the global
environment. Second, there would be an increased flow of resources into economic
development, and at alower marginal source of public funds than is the case for most other
taxes that are currently being used to fund development aid. Whether this argument is
persuasive enough to overcome the free rider problems that are inherent in al issues involving

global public goods and externalities, remains to be seen.
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Appendix A.

A formal model of environmental taxation: The single country case®’.

It will be useful to establish atheoretical frame of reference in the form of a simple model for
asingle country. It has a number of consumers, indexed by i (i=1,....,n), with utility functions
that depend on the quantity consumed of two commodities, indexed 0 and 1, as well as on the

amount of environmental pollution, e:
u'= u'(xl, X1, ©). (2)

The utility functions are increasing in the first two arguments and decreasing in the third. Let

total production of the two goods be y and y;, respectively, so that
Si Xo=yo and S; X'1= y1. )

The amount of environmental pollution is an increasing function of the output of commodity

1, so that without loss of generality?” we may simply write

e=yi. ©)

Industry 1 is cast in the role of the “dirty industry”, but the pollution technology is of course a
drastic ssimplification of real- life situations, where pollution is likely to depend on the specific
technology used in production. It would not be conceptually difficult to take account of this,
but it makes the analysis less transparent and does not add much in the way of interesting

economic insights.

We assume that there is an aggregate production constraint for the economy as awhole,

which has the quasi-linear form

Yot C(y1)-?=0, C(0)=0, C'(y2)>0, C" (y1)>0. (4)

2L The analysisin this and the following appendix is a further development of the model in Sandmo (2003).
%2 The unit function could be replaced by any increasing function without affecting the conclusions of the
analysis.
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We now characterize the optimal allocation of resources in this economy as the maximum of a

Bergson-Samuel son social welfare function
W=W(UL,.....u"). ®)

L etting subscripts denote partial derivatives, it is easy to show that the optimum can be

characterized by the conditions
UM/ Uo)+ Si(u'e/ U'g)= Ca(y). (h=1,....,n) (6)

The first term on the l€eft is the private marginal benefit to consumer h of an additional unit of
commodity 1. The second term, which is negative, is the marginal social damage of increased
pollution. This affects all n consumers - including consumer h himself - in a negative way.
The condition implies, first, that at the optimum the private margina benefit of consumption
should be the same for all consumers, and, second, that the private marginal benefit adjusted
for the marginal social damage, should be equal to the marginal cost of production.

Let us now confront this optimality condition with a competitive equilibrium inwhich
consumers and producers face prices P and p, respectively, using commodity O as the
numéraire. Utility-maximizing consumers, who take the level of environmental pollution as
giver®, will equate their marginal willingness to pay (their marginal rate of substitution) to
the consumer price. Profit-maximizing firms will set marginal cost equal to the producer

price, so that competitive equilibrium will be characterized by the conditions
uy/ Uo=P, (h=1,....,n) 7)
Ca(y1)=p. )

One sees immediately that the equilibrium will satisfy the optimality condition (6) only if a

tax wedge is driven between the consumer and producer price, so that

P-t=p andt= -Si(u'¢/ U). 9)

2 Thisis equivalent to taking the total output of the dirty commodity as given and isjust the standard
competitive assumption.
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The optimal environmental tax is the aggregate marginal willingness to pay for environmental
improvement. It is of course no coincidence that the tax formulais reminiscent of the
Samuelson (1954) condition for the optimal supply of public goods, for the effect of the tax
discouragement of consumption is precisely to improve the quality of the environment as a
public good.

Thisisavery smple model in a number of respects. Most importantly, it assumes - rather
implicitly, as presented here - that lump-sum redistribution between consumersis possible, so
that the environmental tax can be set without any regard for distributional effects®*. Moreover,
it presents avery aggregate view of the production side of the economy. However, we shall
use the formulation as a building block for the construction of a model of global externalities
and environmental taxes, in which these complications will in fact be moved to the forefront
of the analysis. From this perspective, it is useful to keep the single country case as smple as

possible.

Appendix B.

Extensionsto a two-country model.

To make matters simple, we assume that the world consists of just two countries, one rich and
one developing country. The model does not attempt to explain why one country is rich and
one poor; this could be either because of differencesin productive resources or because of
differences in the technology of production. The environmental externality in question is

global in nature, being a globa “bad” for all consumers in the two countries.

Country-specific variables are distinguished by superscripts D and R, so that the utility

functions of consumers are written as

uP= uP(xPy, xP;, €) (i=1,....,n) (10a)

uWR= URKR, XIR,, @). (i=1,....m) (10b)

2 Formally, one set of first order conditions requires that the marginal contribution to social welfare of the
consumption of the numéraire good isthe samefor all consumers.
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The materials balance equations (2) become
Si XiDo= }Po and Si XiD1= yDl. (11a)
S; xIR%= v and S xR = yR,. (11b)

For each commodity, domestic consumption should be equal to domestic production. Note
that there are no other constraints on individuals consumption than aggregate output in the
domestic economy. Thisis equivalent to assuming lump sum redistribution between
individual consumers in each country; however, it is also assumed that there is no
redistribution between countries. Thisis clearly not realistic. Domestic redistribution has in
fact to rely on second best instruments like income and commodity taxes while on the other
hand there exists a significant amount of international redistribution. The assumption must be
seen as a simplified representation of the fact that redistribution in most countriesis carried
out on a scale far exceeding anything that exists for the world community as a whole, and
with a set of instruments that, if far from perfect, are much more targeted on transferring

resources from the rich to the poor.

Environmental pollution is assumed to be global in nature and to depend on the sum of the

outputs in industry 1 in the two countries, so that

e:yD1+ yql. (12)
The production constraints of the two countries may differ both with respect to the availability

of resources and alternative costs; in other words, production possibility curves may vary both
with respect to location and slope:

yPot+ CP(yP1)-?2P=0, (13a)
Yo+ CRYR)-?7=0. (13b)

We now wish to study the implications of global welfare maximization. The global socid

welfare function is
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W=W(U'P,....u™; ulR L U™). (14)

Before turning to the formal analysis, it is useful to think about the questions that the analysis
of this model can help us to clarify. An interesting questionis whether it is desirable to have
world production efficiency. Since equation (12) shows the amount of international pollution
to be afunction of the sum of output from the dirty industries of the two countries, a natural
feature of the optimum would be equality of the marginal costs of reducing pollution. Another
issue is to what extent distributional weights on the two countries preferences should be
taken into account in the design of the optimal policy. These two issues turn out, in fact, to be
closely related.

Consider first the condition for global production efficiency. The problem can be formulated
as the maximization of the output of commaodity O, subject to the condition that the output of
commodity 1 is equal to some constant level, so that y°1+ Y™ =y*. Using equations (13a-b),

we can write the maximization problem as

max (yoo+ yo)=?"+ 2R C°(yP1)- CR(y*-yPy).

Setting the derivative of this expression with respect to y°; equal to zero, we obtain the

condition for global production efficiency:

CP1(yP1)=CR (). (15)

The marginal cost of producing the dirty good, which is the same as the marginal cost of

reducing pollution, should be the same in both countries.
The more general welfare problem is to maximize the social welfare function (14), subject to
the four materials balance equations (11a-b) and the two production constraints (13a-b). We

skip the details of the derivation and move directly to the two conditions corresponding to (6)

for the single country case. For the developing country we have that

U1/ UPo)+[Si(UPef UPo)+ Si(URY URo)(FY )] = CPL(yPy). (h=1,...n) (16)
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The expression in square brackets is now the marginal global damage from the production of
the dirty good. It has two terms, the first being the damage caused in the poor country while
the second term is the damage to the rich country, multiplied by the term 7% ?°. Thistermiis
the ratio of the social marginal utilities of income in the two countries; these are equal
between individuals within each of the countries because of the assumption of domestic lump-
sum redistribution. The social marginal utility of income is actually the marginal contribution

to welfare of increasing an individua’s consumption of the numéraire commodity 0, i.e.
P=Wu and =W, (i=1,...n; j=1,...,m) (17)

We assume that the global welfare function is egalitarian, which implies the relative welfare
weight 7Y 2° will be less than one. This means that the weight accorded to the marginal social
damage for the rich country consumers will be less than that of the consumersin the
developing country. Let P and pP be the consumer and producer prices in the developing
country, with the tax rate being t°=PP-pP. From (16) and the competitive assumption (see

equations (7) and (8)) we may then conclude that the optimal tax in the developing country is
tP=[Si(UP UPo)+ S(URS UT)(FIP)]. (18)

How does this correspond to the optimal tax rate in the rich country? This turns out to satisfy
the following condition:

URY UR) (Y P)+[Si(UPe uPo)+ Si(URY UR)(FT P)] = CRHYD)(FY P).
(k=1,....,m) (19)

Let PR and pR be the prices in the rich country and the tax rate the difference between the two.

Then we can write the optimal tax rate in the rich country as

tR=[SUPH uPo) )(P1 P)+ S(URY U (20)
Comparing (20) with (18), we see immediately that

tP=tR(?Y P). (21)
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Since the relative welfare weight is less than one, this implies that tP< tR. At the optimum the
optimal tax in the developing country is lower than in the rich country. We may think of the
ratio of welfare weights as expressing the degree of egalitarianism embedded in the global
socia welfare function. In the limit, as the ratio 7%/ ?° approaches zero, giving all weight to
the welfare of the developing country, the tax in the developing country goes to zero, and the

whole burden of discouraging global pollution falls on tax policy of the rich country.

What about global production efficiency? Using the competitive equilibrium conditions (7)

and (8), we can rewrite (21) as
PP-CPy= (7Y P)(PR-CR). (22)

We cannot conclude from the lower tax rate in the developing country that the marginal cost
of reducing pollution should be higher in the developing country. However, in the important
special case in which international trade causes equality of commodity prices, so that PP= PR,

we can indeed conclude that at the optimum
cP> CcRL (23)

The reasons for the difference between the first-best optimal tax rates and the desirability of
global production inefficiency are clearly distributional. Both countries contribute to a cleaner
global environment by discouraging the production and consumption of the dirty good, but
the poorer country contributes less. Only in the case where the marginal utilities of income are
the same in the two countries, so that (7% 2°)=1, will there be aglobally uniform tax rate. In
the model, this will be the case if the first part of the materials balance equations (11) is
replaced by?®

Si xPot SRy = Yoy, (24)

%5 Equation (24) should not be confused with a balance of payments equation, which is a constraint on values,
not quantities. Both versions of the model, with or without international transfers, are consistent with the
presence of international trade; see Sandmo (2003). Without trade, producer prices will differ between countries;
with trade, they will be the same.
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which says ssimply that world consumption must equal world production of the numéraire
commodity. With this formulation, the only constraint on the consumption of each country is
the aggregate production of commodity 0 in the world as a whole; domestic production is no
longer alimit on domestic consumption. Clearly, thisis equivaent to assuming lump sum
transfers between the two countries, since the only way in which a country can consume more
than its domestic output (without paying for it in the form of international trade) is through
transfers from other countries. With this assumption there is no longer any egalitarian case for
differentiating the tax rates, since any adverse distributional effect of the environmental tax is
compensated by the transfers.

Will this assumptionalso imply world production efficiency? As condition (22) makes clear
this is not necessarily the case, since in equilibrium we have equality between marginal cost
and the producer price. Equality of producer prices between countries will only result, except
by coincidence, through free international trade. Thus, it is the twin assumptions of lump sum
international transfers and free trade that make the global community into one integrated
economy, just like the single country of Appendix A. In this perfectly competitive global
economy with no constraints on tax and transfer policies, there is perfect separation of
efficiency and equity issues of economic policy, and environmental policy should accordingly
be based solely on efficiency considerations®.

26 Chichilnisky and Heal (1994) discuss the problem of international production efficiency in a multi-country
model with asimilar structure to the one used here, but they do not discuss the tax implications. Keen and
Wildasin (2003) and Edwards (2002) discuss the desirability of world production efficiency in more genera
settings, including second best situations where domestic tax systems are distortionary, an obviously important
set of casesthat is neglected in the present analysis.
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