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EXCUTIVE SUMMARY

This paper examines the relative merits of two dominant economic instruments—*green” taxes
and tradable permits—for reducing pollution. Theoreticdly, the two instruments share many similarities,
and on balance, neither seems preferable to the other. In practice, however, most countries have relied
more on taxesthan on permits to control pollution. The analysis suggests a number of lessons to be
learned from country experiences regarding the design and implementation of both instruments. While
many, particularly European countries, currently have long-term programs involving environmenta taxes,
a willingness to experiment with tradable permits seems to be growing, especidly given the Kyoto
protocol emission targets.

I. INTRODUCTION

Since Pigou’s (1920) seminal contribution on the efficiency enhancing use of taxes to correct for
negative externaities, the choice of instruments for environmental policy has been extensively debated.
The environmental economics literature has drawn a sharp distinction een command and control
approaches (CAC) and the use of market-based incentives (MBI). While on theoretical grounds, MBIs are
generaly preferred because they are more cost effective in practice, CAC policies have been
predominantly used. This apparent contrast was highlighted at the time of the environmental revolution in
the late 1960s and early 1970s. Oates (1999) suggests three explanations for this. Fird, at the time, there
was no congtituency to whom the economists' view had much apped (that is, environmentalists were
decidedly hodtile, industry was not very sympathetic and regulators were less than enthusiastic about
discarding traditional methods of regulatory controls for a largely untried system of taxes on pollution).
Second the state of environmental economics in the late 1960s and early 1970s did not go much beyond
the general conceptual level. Third, there seemed to be a pervasive ignorance of the economic approach to
environmental policy outsde the economics profession itself. In recent years, however, economic
instruments have played an ever-increasing role in environmenta policymaking, reflecting their perceived
superiority vis-avis CAC palicies. And while the early discussion focused amost exclusvely on the tax
approach, the scope has broadened to include tradable permits. The discussion has taken on a new
importance following the agreement in December 1997 to reduce emissions of “greenhouse gases’ under
the Kyoto Protocol.

Indeed, on December 10, 1997, 160 nations reached a historic agreement in Kyoto, Japan, on
limiting emissions of carbon dioxide (CO,) and other “greenhouse gases.” The Kyoto Protocol calls for
the indudtridized nations—the so-caled Annex | countries—to reduce their average emissions over the
period 2008-2012 to about 5per cent below 1990 levels. The United States pledged to reduce its
emissions by 7per cent below 1990, dightly less than the European Union (8 per cent) and dightly more
than Japan (6 per cent). The Protocol permits some industrialized nations to increase modestly their
emissions in the short run, while making specia provisions for the members of the former Soviet Union.

! The authors are staff members of the Fiscal Affairs Department, International Monetary Fund. They would like to
thank Liam Ebrill, Angelo Faria and Harald Hirschhofer for useful comments. This paper was issued as a
background paper at the Fifth Expert Group Meeting on Finance for Sustainable Development, Nairobi, Kenya, 1-4
December 1999.
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None of the developing countries, including those with large and growing emissions such as India and
China, is required to limit their emissions.”

The agreement reached in Kyoto sets the stage for lengthy and complex pre-ratification
discussions both at the nationd and internationa levels, as the proposed targets are likely to impose
sgnificant cogts on the global economy.® A key issue is the appropriate international distribution of these
costs. While recent public opinion polls indicate increased concern about climate change and some
willingness to share burdens to curb greenhouse gas emissions, there is no compelling evidence that the
public is ready to accept si?nificant increases in energy prices or other costs. It is thus till an open
question whether countries will be willing to ratify the Protocol.

An important first step in fostering a productive debate and increased public awareness over the
Protocol is a better understanding of its benefits and costs. Even dter questions about the Protocol itself
are settled, domestic policy options for achieving the targets and timetables will ill require more
thorough consideration, as clearly the magnitude of the costs will depend on the domestic policies used.
No agreement yet exists on this policy menu. However, much of the debate has centered on the use of
MBI mechanisms as opposed to CACs, precisely because of the large potential cost savings that MBIs
offer.* Among MBIs, the basic choice faced by policymakers concerns price-based versus quantity-based
instruments or, in other words, environmenta taxes versus tradable permits.

This paper discusses the choice between these two economic instruments. The first part reviews
the theoretica literature, starting from the Pigouvian tradition with the am of clarifying the contribution
of economic analysis to the environmenta policy debate. We show that, in a first-best setting, Pigouvian
taxes and tradable permits are equivaent. However, this fundamental result ignores crucial features of the
practical world. We then proceed to review the more recent literature on the choice of environmental
policy in a second-best setting. To do this, we define a set of criteria along which the two instruments
may usefully be compared, and we show that no instrument is clearly preferred to the other. The second
part of the paper reviews the actua use of the two instruments, mainly in the Organization for Economic
Cooperation and Development (OECD) countries. In sharp contrast to the apparent similarities of the two
instruments discussed in Part I, in practice, countries have relied substantially more on taxes than on
permits to control pollution (with the notable exception of the United States). Yet willingness to
experiment with tradable permits seems to be expanding. We discuss issues in this section that may arise
in a practica setting and that are typically not discussed in most theoretica studies. Finaly, we suggest
broad conclusions with respect to the implementation of both types of instrument. Specific country
experiences are discussed at length in the annexes.

1. ECONOMIC THEORY AND THE DEBATE ON EMISSION TAXES
AND TRADABLE PERMITS

Pollution taxes and marketable pollution permits are, in principle, very smilar policy instruments.
Both rely on price signals and incentives for emitters to reduce the costs they impose on societﬁ.
Pigouvian taxes (Pigou, 1920) involve setting a charge per unit of emissions equa to the total value of the
damage caused by an extra unit of emissons. This signals the true socia costs to the emitter, who then
has a financial incentive to reduce emissons up to the point where the profit/loss due to a unit reduction
in emissions is equal to the damage involved. In a system of marketable permits, the regulatory authority
alocates permits equa to a determined aggregate quantity of emissions, possibly, but not necessarily,
through an auction. The permits are tenable for a defined period (or perhaps indefinitely) and tradable.
Trading of permits among emitters will, enforcement problems apart, establish a market-determined price
of emissions which, as in the case of atax, will signal damage costs and give emitters financial incentives
to respond by reducing emissions. The following subsection demonsirates the efficiency equivalence of

2 The Protocol implicitly recognizes that developing countries may need additional time to meet the requirements of
the agreement, taking into account potential technical and economic constraints.

3 For example, the limit agreed to by the United States implies a reduction by about one-third compared to the
estimated level of CO, emissions at the end of the next decade in the absence of such measures.

* Tietenberg (1985), in a review of several studies, found that the potential magnitudes of these cost savings range
from 50 to 90 per cent. More recent studies by O’ Ryan (1996) and Klaassen (1996) show quite similar results.
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the two instruments in a first-best setting, while the subsequent subsection discusses second-best
scenarios and compares the two instruments along a series of relevant criteria

A. The Equivaence of Emission Taxes and Tradable Permitsin a First-Best World

To establish a basis for comparison among reative policy insruments, the traditiond literature
often relies on the following assumptions. (1) that the same amount of emissons from different sources
have equal externa costs; (2) that raising revenues through environmental policies is not in itself costly—
in other words, the literature ignores possible interactions with other markets and/or other revenue
sources, (3) that there is no uncertainty about the costs and benefits of pollution control; and (4) that a
competitive structure prevails. We will refer to this set of assumptions as the first-best world scenario. In
this setting, it is easy to show that emission taxes and tradable permits are, in a fundamental sense,
equivaent (for example, they achieve the same level of emissons with minimum levels of abatement
costs). Figure 1 illustrates this outcome.

The marginal damage (MD) function specifies the damages associated with an additional unit of
pollution. It is typicaly assumed to be increasing, for example, as the level of Pollution becomes larger,
the damages associated with a margina unit of pollution become larger (possibly because dilution in the
atmosphere is less effective).

The marginal abatement cost (MAC) function specifiesthe costs associated with the reduction of
an additional unit of emissions. These costs include the costs of the labor, capital, and energy needed to
lessen the emissions of pollution associated with particular levels of production. These costs may aso
take the form of opportunity costs from reducing the levels of production. Generally, firms can reduce
emissions by four means: (1) reducing output; (2) treating or intercepting emissions before they enter the
environment (end-of -pipe treatment); (3) changing input; and (4) changing production processes.

Figure 1. Emission Taxes and Tradable Permitsin a First-Best World

> 5 Emasdons, £

The literature on pollution control makes no specific assumption as to which of the four gtions
firms will typicaly choose (firms will choose whichever option minimizes costs and that will depend on
the specific pollutant considered). However, the margina abatement cost function is generaly assumed to
be decreasing indicating that as firms reduce pollution below the level they each privately regard as
optimal and toward zero, the cost of abatement increases (as the cheaper aternatives are exhausted, more
expensive steps must be taken to further reduce pollution).

E, corresponds to the level of emissions that would prevail in the absence of emission-control
policy (firms have no incentive to abate and MAC equals zero). E* corresponds to the optimal level of
emissions, where the margina damage of an extra unit of emissions equals the marginal costs of abating
one extra unit of emissions. E* can clearly be achieved by imposing an emission tax equa to t upon each

217



ADVANCE UNEDITED COPY

unit of emissions; polluters would then find it more costly to pay the tax than to adopt measures that
reduce their emissions from g to E. Smilarly, the optima solution can be attained if the environmental
control agency issues a quantity of permits just sufficient to lead to a level of emissions equd to E. In the
specific case considered, the permits must alow (Eo-E) units of emissions. Assuming that the market for
permits is competitive, the price of a permit will be bid up exactly to t, that is, to the corresponding
margina cleanup cost. Thus, under the specified conditions, the two approaches will lead to the same
outcome, reducing emissions to the optimal level a minimum cost.

While this basic eciuivalence holds in principle, the two approaches exhibit some important
differences in a practical policy setting, when the basic underlying assumptions are relaxed to conform
more closely to conditions that are likely to prevail in the real world. The following section discusses the
choice of policy instruments in a second-best world and suggests a set of criteria aong which the
emission taxes and tradable permits may be usefully compared.

B. Emission Taxes and Tradable Permits in a Second-Best World

Bohm and Russdll (1985) suggest comparing aternative instruments to control pollution aong
severa main dimensions. information intensty, efficiency, ease of monitoring and enforcement,
flexibility in the face of economic change, dynamic incentives, and political considerations. We will aso
discuss revenue-raising potentials as an important additional criterion.

Information intengity

Information intensity is defined as the amount of information that the pollution control agency
must have in order to operate the system in question. Clearly, in order to achieve the optima level of
emissions, the regulator must have information on firms margina abatement costs and the margina
damage from emissions. Hence the information requirements are identical, whether using a system of
emission taxes and/or tradable permits.

When there is uncertainty either about the marginal benefits or the marginal costs of abatement,
the socialy optima kvel of emissions will typically not be achieved. The goa of the policy then is to
minimize efficiency losses. An important result is that when the marginal costs of abatement are known,
uncertainty about the benefits does not favor one policy instrument over the other. Firmsabate only on
the basis of their costs and of the policy instrument, which are both known. So, even if the benefits
deviate from expected levels, the abatement level and the efficiency losses will be exactly the same for
the emission tax as for the tradable permits system (Baumol and Oates, 1988).

When abatement costs are uncertain, producers are assumed to have information, which the
planner does not have and their actions may therefore differ from those the planner had expected.
Weitzman (1974) and White and Wittman (1983) were among the first to carry out a rigorous analysis of
whether an emission tax or a system of tradable permits would be the best policy in this Stuation of
asymmetric information. They show that taxes minimize ex-post efficiency losses if the marginal cost
function is steeper than the marginal damage function, whiletradable permits are better if the damage
function is steeper. It is therefore the relative steepness of the margina damage and marginal abatement
cost curves that determines which of the two policy instruments promises the smaller efficiency losses.

The basic idea is straightforward (Box 1). When the marginal benefit curve is rdatively steeper
(this would represent a case where the benefits from changes in environmenta quality vary dramaticaly
with changes in pollution levels), one wants to ensure reliable and precise control over the quantity of
emissions (to avoid crucial threshold effects for instance). In such instances, tradable permits are
preferred. On the other hand, when the marginal cost curve is steeper, for example, deviation in emissions
are less costly than unexpected marginal abatement costs, the more pressing danger from a policymaking
perspective is one of excessive cost. In this setting, the danger is greater under the permits instrument for,
if the supply of permits is set too low, excessve compliance costs will be set upon firms. With the
emission tax, the danger is avoided since firms can aways opt to pay the tax and avoid the more costly
control activities to reduce emissions.
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Figures 2 and 3 below illustrate the efficiency losses associated with an emission tax and a system of tradable
permits when MACs areuncertain. Let MAC" represent the regul ator’ s anticipated MAC while MAC' representsthefirm’s
true MAC. Under an emission tax, the regulator would set the tax equal to t, where MDs equal the anticipated MAC, which
would result in alevel of emissions equal to E', where the MDs are equal to the firm’ strue MAC. The efficiency losses
resulting from the use of the emission tax are represented by area E"AB. Under apermitssystem, theregulator would issuea
permit amount equal to EP. The efficiency |osses under this scenario are equal to area E'DC. Figures2 and 3illustratethat
when the MD isrelatively flatter, the emission tax yield lower efficiency |osses whereas when the MD isrelatively steeper,
theresults arereversed and it is the permits system that generates lower efficiency losses.

Box 1. Pollution Control when Marginal Abatement Costs are Uncertain

Figure 2. Pollution Control when the MD Function is FHatter than the MAC Function
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What can we say about the relative steepness of the margina damage curve relative to the
steepness of the marginal abatement cost curve? In general, not much. Baumol and Oates (1988) argue
that in real world situations, both margina abatement costs and marginal damages are unlikely to be
known with certainty by the regulator who is vulnerable to the provison of biased information by
interested parties. In light of these difficulties, the literature suggests that policy instead should am at
achieving predetermined aggregate emission standards (however defined) in a least-cost manner (for
example, minimizing total abatement costs). Under this second-best scenario, marketable permits seem to
have a considerable advantage over emission taxes, since the regulatory target is automaticaly built into
the instrument being used and no additiona information is needed. In order to attain the same target using
taxes, the regulator needs some information on firms marginal abatement costs. In the absence of such
information, the authority may have to ater the tax in a process of trialand-error iterations until the
targeted level of emissions has been reached.

Efficiency under noncompetitive market structure

Efficiency is defined as the ability of an instrument to reduce emissions to a predetermined level
at minimum abatement costs. This dimension is almost always interpreted in the literature in a static sense
(assuming fixed environmental goals and fixed technology and dlowing only for the first round of
reactions to the respective instruments). We will aso limit oursdves to static considerations in this
section but will consider dynamic incentivesin alatter section.

As noted earlier, in a firg-best setting, the efficiency equivalence of emission taxes and tradable
permits is well established. In the previous section, we discussed efficiency considerations under
uncertainty. In this section, we assess how the efficiency properties of the two instruments are affected
when one alows for noncompetitive market structure.

In the case of noncompetitive market structure, there are two sources of market failure: pollution
externalities and market power. The first best solution to achieve efficient resource use would require the
use of two instruments to address each failure separately (for example, a subsidy on output to correct for
market power and an emission tax and/or a system of tradable permits to correct the pollution externality).
But can the environmental instrument alone correct for both sources of market failure?

In general, when the output market is not assumed to be perfectly competitive, neither emission
taxes nor tradable permits achieve the socia optimum. Buchanan (1969) considers the most smple case,
the taxation of a monopolist polluter, and argues that a Pigouvian tax is likely to generate welfare losses
by reducing output further in a Situation where the monopoly’s output is less than optimal areedy.
Analyzing general control instruments, Burrows (1981) points out that the risks that pollution taxes will
increase welfare losses rise as the importance of output reduction from abatement rises, equivaently, the
risks get less as the importance of process switching (end of the pipe purification) rises.” The problem of
calculating a “second-best fee’ then weighs these needs against each other by combining a Pigouvian tax
and a subsidy on output.® Similar considerations can be made for market powers other than monopoly.’
Hence, the literature appears to suggest that the social optimum can be achieved by a suitably adjusted
“Pigouvian” tax, athough, as Requate (1993) points out, the argument holds only when firms are
assumed to be identical (for example, with smilar pollution technology). Pigouvian taxes fail to achieve

® In this case, there are two sources of market failure that need to be addressed, namely, pollution externalities and
market power characterized by a level of output that is less than optimal. Any instruments to correct for the
environmental externality will encourage firms to reduce emissions. And to the extent that emission reductions are
accompanied by reductions in output, the second type of market failure (for example, suboptimal output levels) will
be exacerbated and hence some welfare losses will occur. This risk is reduced when emissions reductions can be
achieved through other means (end-of-pipe treatment, and the like).

® This sum collapses to the familiar Pigouvian tax if the industry is competitive, and it will equal zero if, as
Buchanan suggests, the two effects cancel each other.
" In the case of an oligopoly for instance (Ebert, 1992), the derivation of the second best fee would depend on the

behavioral assumptions about the firms, but would essentially incorporate the same trade-off between the concerns
of market power and excessive pollution.
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first-best outcomes when firms have different pollution technologies (in such instances, the socia
optimum can only be reached through firm-specific emission taxes).

Malueg (1990) considers the distribution of permits in a Cournot Oligopoly on the output market,
and shows that the socia optimum cannot be achieved either. Permits fal to achieve first-best because
they encourage firms to collude. Given that neither an emission tax nor a system of tradable permits can
achieve the sociad optimum, the question is whether in genera terms one of the two policies is less
inefficient. Regquate (1993) argues that athough no policy can be said to be superior to the other in al
cases, the permits policy yields a higher welfare for a considerable range of parameters. In particular, if
one firm’'s technology is globaly Inefficient, meaning that the firm should not produce in a socid
optimum, this inefficient firm will never produce under a permits system, regardiess of how the permits
1{sgre initiallly déocated. The optima emisson tax, on the other hand, does not always induce the inefficient

irm to close down.

When deding with tradable permits, however, the danger of market power is more prevalent in
the permits market, since when firms behave as price setters—whether as sellers or buyers, many of the
potential benefits of a tradable permits system will be lost (Koustaal, 1997; Xepapadeas, 1997). For this
reason, the potential for market power on the permits market has long been recognized as a disadvantage
of tradable permits, relative to other MBIs such as taxes, for instance. When is market power most likel
to occur? Clearly it depends on the degree of concentration on the permits market. Harrison (1999
presents estimates of the extent of concentration of emission sources in the United States which suggest
that the greatest potential for market power would be in a market for permits for particulate matter,
followed SO, and CO. Indeed, since the effect of the former are quite localized, any program for
particulate permits would have to be local in nature. This is aso true for water pollutants since the
environmental problem is localized and thus the permits market is likely to be spatidly restricted
(Misiolek and Elder, 1989; Lyon, 1982; Hahn, 1989). The potentia for market power is aso afunction of
the sectoral scope of the permits market. For instance, in the United States SO, program, only eectricity
generators were included and not other sources. As a consequence, very few firms dominated permits
trades. In 1995 and 1996, over 75 per cent of al interutility purchases of permits were bought by one
firm, lllinois Power (Ellerman and others, 1996).

There is, unfortunately, little empirical evidence of the extent to which market power is a problem
in existing tradable permits systems. However, firms themselves clearly perceive the danger. For instance,
in the case of SO, permits, utilities in fast-growing states advocated that at least some of the permits be
auctioned—even though this would appear to have adverse effect for them in financia terms, because of
concerns that utilities in other states would exploit the market to their advantage (Joskow and
Schmalensee, 1998). This fear was aso behind the concerns of small firms advocating an auctioned
permits allocation for the Regiona Gean Air Incentives Market (RECLAIM) system, even though it
would not appear to be in their financia interest (Polesetsky, 1995). Table 1 below summarizes the main
findings of our discussion.

Table 1. Summary of Efficiency Considerations and Market Structure

Market Sructure

Emission Tax

Tradable Permits

Perfect competition

Noncompetitive market structurein the
output market

Noncompetitive market structureinthe
permits market

Efficient

Efficiency can be achieved by suitably
adjusting the Pigouvian tax but only if
firmsare all identical.

Inefficient when firms have different
pollution technologies.

n.a.

Efficient

Inefficient but literature suggests that
efficiency losses may be smaller than
under an emission tax (when firms

have different pollution technol ogies).

Inefficient
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Ease of monitoring/enforcement

The third criterion refers to how difficult it is to make and interpret the necessary technica
measurements to judge compliance with a reasonable degree of accuracy. In many cases, it is amost
impossble—or at least extremely costly—to obtain accurate information about emission levels. But a
centra point is that the monitoring and measurement problems are no harder if an emisson tax is
involved than if compliance with a system of tradable permits is the concern. When permits are
marketable, the problem may be compounded by the necessity of being current with completed trades. In
other words, in this case, two types of monitoring are required: the monitoring of emissons as required
under a emission tax as well as the monitoring of trades. This extra difficulty might be exploited by
dischargers trading in the short run to stay one jJump ahead of agency monitoring teams.

To lower excessve administrative and monitoring costs, regulators often target the polluting
output and/or the inputs used in the production of polluting goods through the use of output and/or input
taxes as alternatives for true emission taxes? Indeed, where emission taxes pose major problems for
implementation, a tax levied at an earlier stage in the production cycle may be the preferable approach
since monitoring of emissions levels is not required and it can be administered like any other tax, thereby
reducing administrative costs (since governments do not need to create an additional administrative
apparatus). While systems of this nature typicaly do not achieve the most efficient result economically,
they are often preferred by policymakers who argue that the gains in terms of lower administrative costs
exceed the efficiency losses. In contrast, tar%eti ng input or output rather than emissions is typicaly not
applicable with a system of tradable permits,” thereby reinforcing the relative apped of the tax in terms of
ease of monitoring and enforcement.

Flexibility in the face of change

For our purposes, flexibility is defined as the ease with which the system can be adjusted to
maintain the desired ambient quality as the economy changes. The most common measures of ease are:
(1) the amount of information the agency needs and the amount of calculations it has to do to produce the
appropriate set of incentives for a new situation; and (2) the extent to which adjustments involve a return
to a politically sengitive decison process. In terms of flexibility, it is often argued (Bohm and Russell,
1985) that marketable permits have a distinct advantage over an emission tax. Once established, and
assuming necessary monitoring and enforcement efforts, a permits system maintains either total emissions
or ambient quality standards without constant intervention and recalculation by the regulator. If the
demand for permits shifts because of regiona growth or decay, this will be reflected in the market prices
of permits. Permits relocation takes place as long as firms find it in their interest to reduce emissons and
sdll permits to new entrants and/or expanding existing firms. In the case of an emission tax, the tax itself
does not protect ambient quality unless it is adjusted by the regulator as change occurs. Such adjustment
requires new caculation if the tax is to be efficient.

The above argument relies mainly on the fact that flexibility is defined from the perspective of the
regulator. In the case of an emission tax, the adjustment responsibility to maintain a fixed emission tacg?et
in the face of change is borne entirely by the regulator. Hence, the adjustment process is typically
associated with high administrative costs and, therefore, qualified as “less flexible” With a system of
tradable permits, on the other hand, the adjustment responsibility in the face of change is borne by firms
in the permits market. It is typically not associated with high administrative costs but It may be associated
with high transactions costs. Indeed, trade of permits involves the costs of identifying exchange partners
and revelation of willingness to pay and to accept. If these transactions costs are perceived to be hi%h
relative to anticipated gains from acquisition and/or sales of permits, there will be little exchange and the

8 This approach seems particularly warranted when inputs and/or outputs are assumed to be closely correlated with
emissions.

° At a conceptual level, a system of marketable permits for input is conceivable (Helfand, 1999). However, in
practice such systems have never been used since it is extremely difficult to determine the levels of aggregate inputs
use necessary to achieve a specified level of total emissions. Developing a system of marketable permits in input
markets, then, will not clearly achieve a specified pollution level without a great deal of information on the part of
the regulator.
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adjustment process may not take place. In such instances, the least cost configuration of emissions will
not be achieved and a permits system may not be more flexible than an emission tax.

The efficiency and flexibility property of the permits system thus relies on the assumption that
trading does indeed occur (for example, transactions costs are low). How high are the transactions costs
likely to be? Estimates of transactions costs for the United States EPA’s Emissions Trading System were
as high as 10-30 per cent of the total costs (Koustaal, 1997). Klaassen and Nentjes (1997) cite afigure of
5 per cent for brokerage fee for the United States SO, alowance trading program. The CFC and lead
trading rograms are dso thought to have had relatively low transactions costs (Stavins, 1995; Hahn and
McGartland, 1989). Conversely, the Fox River biochemical oxygen demand (BOD) program appears to
have been burdened by very high transactions codts, partly explaining the limited trading activity.
Transactions costs are likely to be determined by the characteristics of the affected sectors. Koustaal
(1997) argues that, in most cases, there is likely to be a positive relationship between the size of the
market and transactions costs (that is, the larger the market, the higher are the search and bargaining costs
likely to be). In case of a thin permits market, the infrequency of transactions may not generate a clear
price sgna for firms to indicate the opportunity cost of their emissons and is likely to impair the
functioning of the permits system, unlike a regime of emission taxes where the tax itself gives a clear and
clean measure of the cost of emissions.

Dynamic incentives

The concept of dynamic incentives refer to the types of actions that are encouraged b¥1 the
instrument in the longer run: does the instrument encourage entry or exit of firms (for example, what is
the impact of the instrument on industry size) and a search for and adoption of new, environment-saving
technologies?

Concerning the respective impact of the two instruments on industry size, both emission taxes
and tradable permits raise emitters costs and thereby reduce their profits from the polluting activity. In the
short run, firms may reduce output in response to the higher unit cost of production. In the longer term, if
the industry producing the pollutant is competitive, some firms will leave the industry. As industry output
fals, the price of the industry’s product will rise, restoring norma levels of productivity for those firms,
which remain. In the long run, both instruments result in reduced industry output and reduced pollutant
emissions, compared to a situation of no pollution controls. It is important to note that whether tradable
permits are auctioned or distributed freely makes no difference to industry output and emissons in the
long run, provided that the initial distribution of permits is not conditionad on whether the recipient
continues to produce. If permits are issued “unconditionaly,” any amount paid to acquire a permit will, in
effect, be a lump-sum payment to the initia recipient and will have no effect on firms decisions to exit or
enter the industry.

In practice, however, permits are rarely distributed unconditionaly but rather in proportion to
higtorica pollution, a system that is referred to in the literature as grandfathering. It has been argued
(Howe, 1994; Stavins, 1998) that grandfathering creates a bias against new firms entering the product
market since existing firms get their permits free while new firms must buy them. Hence tradable permits
may foster noncompetitive market structure or higher industry concentration. Freely alocated tradable
permits under a grandfathering scheme would convey rents to existing firms which would in effect be
sustainable since, unlike auctioned permits or taxes, the fredly allocated permits give rise to entry barriers.
For this reason, auctioning of permitsistypicaly preferred to grandfathering on economic ground.

Concerning the issue of providing incentives for technological change, if compliance is costly and
if there is some choice of how to comply (for example, what equipment or technique to use), then there
will be an economic incentive for firms to seek chesper ways of complying in the long run. In principle,
the incentives for technical change provided by an emission tax are equivaent to those produced by a
tradable permits system. In either case, reducing discharges produces a monetary gain to the firm.
However, to the extent that the permits market is thin, the monetary gain may not materiaize as easly
under a permits system as under an emission tax. If firms do take such considerations into account, the
incentive to switch to cleaner production techniques may be lower with a permits system. The literature
also suggests that an auctioned tradable permits system is likely to have much stronger incentive effects
than a system of grandfathered permits. This result is likely to arise for two reasons: (12 under an
auctioned dlocation, the innovating firm will get the benefit d lower permits prices if other firms adopt
the innovation, while under a grandfathered scheme the decrease in price will benefit buyers, but hurt
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sdlers (Harrison, 1999); and (2) a system of grandfathering may prevent the entry of new firms on the
market, and new firms are often important instigators of new production processes.

Revenue-raising potentia

In terms of revenue-raising potentid, the critica distinction is not much between an emission tax
and a system of tradable permits per se but rather between systems where permits are freely allocated and
systems where permits are auctioned. Both an emission tax and a system of auctioned permits generate
government revenues. Yet, when evauating these instruments as potential sources of government
revenue, an apparent trade-off is highlighted between the primary function of these instruments (for
example, reducing pollution) and their revenue-raising function, an issue which will be taken up again
below in the context of green tax reforms. Some authors (Endres, 1997) have argued that environmental
instruments cannot serve as the main pillars of public income since thelr primary purpose is to cut back
the environmentally detrimental activity to which these activities apply. Hence, the tax is intended to
erode its own base.

Oates (1992) argues that to implement an optimal tax, it is necessary to have a regulator whose
interests transcend competing environmental and revenue pressures and who is in a position to weigh
environmental concerns against revenue needs. This is a demanding ingtitutiona reguirement, which is
unlikely to be met in practice. Typicaly these instruments are introduced in either of two forms. by an
agency concerned with environmental management, or by those whose primary responsbility is
budgetary management and who are seeking additional sources of revenues. OECD (1996) argues that
environmental taxes have typically been used as revenue-raising devices while tradable permits have been
used primarily as instruments to reduce pollution.*°

Emission taxes and tradable permits have mostly been examined in the literature as instruments
for environmental management. Little has been said about the precise disposition of the revenues that
these instruments may raise. There is one proposition that comes out of the standard environmental
theory: the revenues should not be used to compensate the victims of pollution or for earmarking
(Baumol and Oates, 1988), as compensations may encourage a higher-than-optimal level of pollution.

In more recent years, the literature on environmental taxes has started to focus on the interaction
between environmental taxes and the rest of the tax system. In this context, a critical question was raised,
namely, is the welfare gain and hence the case for introducing environmental taxes greater or less than
that implied by a partid equilibrium setting? It has been suggested that the welfare gains from an
environmental tax are larger under a general equilibrium setting as the tax may simultaneoudly correct for
the environmental externality and provide other gains, when the revenues are raised to cut other
distortionary taxes (Sandmo, 1975; Parry, 1995). However, more recent studies (Bovenberg and De
Mooij, 1994; Goulder, 1995) have questioned the existence of this “double dividend.” The double-
dividend discussion has essentiadly centered on environmentd taxes but could equally apply to a system
of tradable permits to the extent that the permits are auctioned (and hence congtitute a source of public
rgenu&). The issue of double dividend will be revisited in the next section when discussing green tax
reforms.

Political consderations

Politica considerations cover aspects such as digtributiona, ethical, and broader economic
stabilization concerns, which may affect society’s choice of policy instruments. We will limit our
discussion to three issues that appear to be particularly important: distributiona issues, competitiveness,
and poalitical acceptability.

Distribution. It is in principle possible to achieve the same distributiona outcomes with an

emission tax and a system of tradable permits. The emisson tax embodies the polluter-pays princiﬁle,
which involves the assumption that the recipients have the legal right to be free of emissions, thus

19 1n most permit systems implemented to this date, permits were distributed free of charge and hence did not
generate revenue for the government (thiswill be discussed in greater detail in the next section).
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polluters have to pay for the right to pollute. Government auction of marketable permits can achieve the
same distributiona results but cIearIR/ the equivalence would not hold when permits are dlocated fredly,
because the permits in this case would represent awindfall gain for the (owners of the) receiving firms.

Distributional issues in the context of environmental taxes have centered on the potentia
regressivity of such type of taxes. The debate is more relevant in the case of product taxes (as opposed to
emission taxes) since Insofar as environmental taxes apply to mass consumption products, such as motor-
driven vehicles and energy for instance, they may have a substantial effect on low-income households.
OECD (1999c) ardqueﬁ that a distinction needs to be drawn between relatively low environmental taxes on
products such as detergents, fertilizers, batteries, and pesticides, and large-scale and fiscally heavier taxes
such as those on energy. In the first case, there seems to be no observable distributional impact, while in
the second case, some studies indicate arisk of regressivity.

In the tradable permits literature, distributional issues seem to have received less attention.
Nonetheless, such issues are relevant, especialy in cases where permits are distributed freely, the key
issue being the initial allocation of permits.

Competitiveness. Even if environmental policy considerably increases aggregate welfare, some
economic sectors or regions may be adversely affected. In this respect, the impact of an emission tax and
a system of tradable permits are likely to be equivalent provided that the permits are auctioned. If, on the
contrary, the permits are freely alocated to firms, the equivalence breaks down (in such instances, the
burden imposed on the firms is reduced and shifted to government in the form of reduced revenues).

For the firms directly affected by such systems (auctioned permits or emission tax), the issue of
revenue recycling is key. In theory, it is possible that the existence of revenue recycling could entirely
compensate firms for their cost, and thus there might be no reason to expect any competitiveness effect.
Such schemes would clearly reduce the fear of any adverse competitiveness effect without granting
existing firms the rent as under a grandfathered permits scheme. In practice, however, such revenue-
recycling schemes are not used (most probably by fear that they would lead to a higher-than-optimd leve
of pollution in the long run). Hence in order to protect firm competitiveness, a grandfathered permits
scheme would appear to be preferred (explicit effort can be taken to make sure that the rent is captured
through proper taxes, profit tax, and the like).

The issue of competitiveness is aso critical a the international level, focusng on the
competitiveness of nations as opposed to firms. The key issue in this context relates to differences in
environmental policies across countries that may affect competitiveness and trade patterns. The problems
are particularly obvious when considering environmental taxes but the issue is adso relevant f(although
somewhat different) with a system of tradable permits. Even under an internationa system of tradable
permits, where several countries are regulated by the same central system, issues of competitiveness may
arise. The critical issue is the initia dlocation of permits, since whoever obtains the initial permits,
especidly if the permits are given out fregly, will have a competitive advantage over whoever did not.
The basic issues of the wedlth effects of the internationa alocation of permits, and the absence of
internationd ingtitutions needed for cross-country enforcement are very complex and very different from
those related to domestic use of tradable permits. The focus of this paper is on domestic tradable permits
regimes. Overdl, however, issues of international competitiveness have mainly centered around
environmental taxes presumably because they make the costs of environmental protection more visible
This naturaly leads us to the issue of political acceptability.

Political acceptability. From the firm'’s perspective, freely alocated permits are clearly preferred
over an emission tax and/or auctioned permits because they convey rents to firms. Stavins (1998) also
argues that tradable permits are preferred by environmental advocates who have a strong incentive to
avoid policy instruments that make the cost of environmenta protection highly visible to consumers and
voters;, and taxes make those costs more explicit than permits. Freely allocated permits ae easier for
legidators to supply than taxes or auctioned permits, again because the costs imposed on industry are less
vishle and less burdensome, since no money is exchanged at the time of the initial permits allocation.
Joskow and Schmalensee (1998) argue that freely alocated permits offer a much greater degree of

1 Aswill be discussed in the next section, one of the main obstacles to implementing new environmental taxes is the
possibleloss of international competitiveness, asillustrated by the EU example.
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political control over the digtributional effects of regulation, facilitating the formation of maority
codition. An auction, on the other hand, alows no such political maneuvering.

Obvioudy, the political considerations associated with the use of an emission tax and/or a system
of tradable permits will also depend on how the revenues raised are spent. Overall, however, the critica
digtinction to evauate the political impact of aternative instruments is not so much between an emission
tax and a system of tradable permits per se, but rather between systems where permits are freely allocated
and systems where permits are auctioned. In many respects, the political considerations associated with a
system of auctioned permits are very similar to that associated with an emission tax.

As Table 2 illustrates, from a theoretica perspective, no obvious result seems to emerge
concerning which instrument (emission taxes or permits) is preferable to the other. This result stands in
sharp contrast to the use that countries are actually making of the two instruments, as laid out in more
detall in the following section.

1. ENVIRONMENTAL TAXES VERSUS TRADABLE
PERMITSAS POLICY OPTIONSIN OECD COUNTRIES

This section addresses the issue of how—and to what extent—countries actually have made use of
the two instruments of environmental control discussed above, and the practica administrative and
technical problems encountered in this process. The review is meant to be illustrative rather than
exhaustive, since keeping track of environmental policiesin al countries would truly be an immense task.

A. Broad Experience with Environmental Taxes

Toward a definition of environmental taxes

The theoretical literature on the choice of optimal instruments for environmental policy focuses
for the most part on a pure emission tax. On the other hand, the practical reviews of country experiences
seem to be using a much broader definition to capture the concept of an “environmental tax.” Indeed,
little consensus seems to exist in these reviews on the basic question of what constitutes an environmental
tax, and different sources aéoply various definitions. In their overview of environmenta taxes, McMorran
and Ndlor (1994) make a distinction between pure Pigouvian taxes, that is, taxes based truly on the units
of emissions with specific rates set so that the net marginal benefits of reducing emissions by another unit
would be zero; indirect environment taxes, that is, taxes on inputs or consumer goods whose use is related
to environmental damage (for example, excises on gasoline); and environment-related provisions in other
taxes, including persona income taxes, corporate income taxes, general saes taxes, and fuels and motor
vehicle taxes such as, for example, Germany’s accelerated depreciation provisions for energy-saving and
pollution-reducing equipment, and the lower VAT rates applied in a number of countries to pollution-
reducing devices (for example, recycled paper, solar energy equipment, etc.).

Box 2 reviews some other current definitions of an environmentd tax. Obvioudy, the lack of a
generally accepted definition has complicated the establishment of a consistent statistical classification of
such taxes.> Depending on the nature and scope of the definition chosen, the concept of environmental or
ecotaxes may encompass only pure emission taxes, or these as well as product taxes, which may be only
indirectly related to actual emissions. In practice, and using the wider definition preferred by the OECD,
most environmental taxes are not true emission taxes;" but take the form of product taxes.

For the ﬁurposes of this paper, the approach adopted focuses to the extent possible on pure
emission taxes, that is, the discusson generally excludes product taxes on energy (although some revenue
data are provided on the wider concept applied by the OECD).

12 To address this problem, the OECD in cooperation with other institutions is working on a statistical framework,
which in time will provide a clearer picture of the level and structure of environmental taxation in developed
countries. In the same context, the OECD has also established a comprehensive database with information on
environmentally related taxesin its member countries (OECD, 1999a).

13 |n practice, the concept of atrue Pigouvian tax set optimally such that it equals the marginal damages of emissions
israrely applicable, given that regulators are unlikely to have the information needed to set such atax (Section I1).
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Table 2. Summary of the Basic Criteriafor the Choice of Policy Instruments

Criteria

Argument for Choosing an Emisson Tax versus a System of Tradable Permits

Information intensity

Efficiency under noncompetitive
market structure

Ease of monitoring/ enforcement

Flexibility in the face of change

Dynamic incentives

Revenue-raising potentials

Distribution issues

Competitivenessissues

Emission taxes and tradable permits are equally preferred under afirst-best scenario

(they both require knowledge of marginal damages and marginal abatement costs to
achieve the optimal level of emissions).

When there is uncertainty about MDs, neither instrument is efficient. But efficiency
|osses are the same whether using an emission tax or a permits system hence both
instruments are equally preferred.

When there is uncertainty about MACs, efficiency losses are minimized with an
emission tax if the MD curveisrelatively flatter than the MAC curve. On the
contrary when the MD curveisrelatively steeper than the MAC curve, then a
permits system is preferable asit leads to lower efficiency losses.

Under a second-best scenario, when the regulator attemptsto achieve a
predetermined level of emissions (however defined), permits are preferred because
they give direct control over the level of emissions.

When the output market is noncompetitive, neither instrument is efficient. The
efficiency losses are smaller under a permits system when firms are assumed to be
heterogeneous (with different abatement technol ogies).

When the permits market is noncompetitive, tradable permits are inefficient.

Theemissiontax is preferred asit only requires the monitoring of emissions while a
permits system also requires the monitoring of trades (for example, permits trading).

A system of permitsis preferred since once established, such system maintains the
desired level of emissions without intervention from the regulator. With an emission
tax, the tax needs to be adjusted in the face of change to ensure that the ambient
quality ismaintained at the desired level.

Both an emission tax and a permits system are equivalent in terms of their ability to
encourage the search for new cleaner technologies, provided that the permits market
functions properly. If the permits market is thin, the incentive to switch to cleaner
production techniques may be lowered and hence the tax may be preferred.

Asfor theimpact onindustry size, if the permits are auctioned, both instruments are
equivalent. However, under a grandfathering system, the permits may be used as
effective barriers to entry on the permits market (they would create a bias against
new firmstrying to enter the market).

If the permits are auctioned, both the permits system and the emission tax are
equivalent in terms of revenue-raising potentials.

If the permits are given out freely, the tax would raise higher revenues.

If the permits are auctioned, both the permits system and the emission tax are
equivalent and can achieve the same distributional outcome.

If the permits are given out freely, they represent awindfall gain for receiving firms
and may create a bias against new firms entering the market. In that respect
emission taxes would be preferred.

Tradable permits are typically preferred as they make the cost of environmental
protection lessvisible.
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Box 2. Defining Environmental Taxes, Charges, and Other Instruments

EUROSTAT has used the following definition. A tax fallsinto the category of environmental if thetax baseisa
physical unit (or aproxy for it) of something that has a proven specific negative impact on the environment, when used or
released (OECD, 1997b).

OECD, 1999c defines environmentally related taxes as any compulsory, unrequited payment to general
government levied on tax bases deemed to be of particular environmental relevance. This definition would exclude all
environmentally related fees and charges that are requited paymentsto government. Also, according to thisdefinition, the
name or the expressed purpose of the tax isnot arelevant criterion. However, in that same publication (and on the face of it
not fully consistent with the above definition), an important aspect isnoted to be“the potentia environmental effects of the
given tax, which is determined by the tax impacts on the producer and consumer pricesin question, in conjunction with the
relevant price elasticities.”

OECD, 1996 offers the following more elaborate definitions:

Emission taxes involve tax payments that are directly related to the measurement (or estimation) of the pollution
caused, whether emitted into air, water, or soil, or due to the generation of noise. Emission taxes generally deal withone
type of emissions at atime. They are directed to the last link in the chain, that is, to those actually emitting a certain
substanceinto the environment, and are usually only suitable for stationary sources because of their high monitoring and
administrative costs.

Product charges or taxes can be a substitute for emission taxes when direct measurement of emissionsis not
possible. More generally, product taxes may be levied to price environmental effects correctly, and could be used to correct
externalities other than pollution. A product tax may be levied on the units of harmful substance contained in products: for
instance, a carbon tax is based on the carbon content of each particular fossil fuel. The product tax may also be levied per
unit of the product, if the objective isto reduce usage of the product generally. Product charges may be applied to raw
materials, intermediate, or final (consumer) products. When applied to consumer products, they are often called
consumption taxes or final-product taxes. Consumption taxes may be used when pollution is closely linked to consumer
demand, such as disposable products that compete with reusable alternatives, or nonfuel efficient cars. In this case, the
taxation may be linked to the product itself or partsof itscontentsthat are detrimental to the environment. When applied to
raw material (for example, coal to produce electricity) or intermediate products (for example, polyvinylchloride to produce
plastic), product taxes are referred to asinput taxes. Emission taxes on production activitiesand input taxes arereferred to as
production taxes.

Tax differentiation relates to variations in existing indirect taxes, such as excise duties, sales taxes, or value- added
taxes for environmental ends. Goods and services that are associated with environmental damage in production and
consumption may be taxed more heavily (for example, most OECD countries apply different excise tax ratesto leaded and
unleaded petrol).

User charges are payments related to the service delivered. Only those connected to the relevant service are
charged. The revenues raised are used to provide a service, such asthe collection and public treatments of effluents. They
are considered environmental tax instruments because the service they fund seekstoimprovethequality of theenvironment
and to reduce the use of natural resources such aswater and land. Given their cost recovery nature, user charges are adirect
application of the polluter-pays-principle.

Tax reliefs consist of various provisionsinincome tax systems designed to encourage some kind of behavior,
either by consumers or businesses. The most common form of tax relief is accelerated depreciation, but many countries also
provide investment tax credits for certain types of investment, such as pollution control equipment, or for research and
devel opment.

The nature and revenue importance of environmentally related taxes in the OECD

Following the OECD (1999a) broad definition of the concept (that is, including al
environmentally related product taxes, and in particular taxes on petroleum products), figure 4 shows, for
the 19 countries covered by the OECD databank, that the (weighted) average of the ratios of ecotaxes to
GDP is just below 2per cent, with the highest ratio in Denmark (well above 4 per cent) and aratio close
to 4 per cent in the Netherlands, Norway, and Portugal. The lowest ratios (around 1 per cent) are found in
Mexico and the United States. A similar wide dispersion among the countries in this sample is found with
respect to the weight of ecotaxes in total taxes, around an average of about 5.5 per cent.
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Figure 5 shows estimates of the corresponding revenue raised from the individual tax bases for
the group of countries as a whole. Evidently, by far the largest individua revenue raiser is unleaded petrol
with amost 40 per cent of the revenue raised (in 1995), followed by more than 20 per cent raised from
taxes on the use of motor vehicles. It is interesting to note that the taxes on petrol and diesel together with
the taxes on the sale or use of motor vehicles generated more than 91 per cent of al the environmentally
related tax revenue covered by the OECD study. In other words, in relative terms, the revenue raised from
pure emission taxes is very modest. However, while this holds for the OECD countries as a group, in
individual countries, and in particular in the “ecotax leaders’ dedlt with below, emission taxes may be of
quite some revenue importance. Despite these broad developments, there has been no strong genera
move toward comprehensive green tax reforms, except in alimited number of countries.

Figure 4. Revenues from Environmentally Related Taxes in Per cent of Total Tax
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Ovedl, a diginction can be made between two groups of (developed) reform countries. the first
encompasses countries which have opted for a radical restructuring of the overal tax system, with
increased reliance on environmenta taxes, and includes Denmark, Norway, Sweden, and the Netherlands.
The other group of countries is characterized by important but more incremental policies in this area, and
encompasses Austrig, Finland, Germany, Belgium, France, and Switzerland. The distinction, though, is to
some extent subjective. The focus of this section is on the former group referred to as the “ecotax
leaders.” This focus was adopted mainly for two reasons. first, comprehensive overviews of the use of
environmental taxes and tax provisions have been attempted elsewhere (see, in particular, OECD, 1995,
1997b, 1999b, and McMorran and Nellor, 1994); and, second, the experiences of the “leaders’ may well
provide some useful lessons for other countries with respect to which taxes redistically can be applied;
the administrative and other complications they may meet in trying to do so; and the revenue yields that
can redistically be expected.
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Figure 5. Revenues from Environmentally Related Taxesin 1995 ($ millions)
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Trends in and objectives of the reforms of the “ecotax |eaders”

Generdly, reforms of environmental taxes may be based on three different approaches or
combinations thereof (OECD, 1997b): (1) a remova or modification of existing distortionary subsidies
and tax provisons, (2) arestructuring of existing taxes to take account of environmental considerations,
or (3) the introduction of new ecotaxes. Characteristically, in the countries having implemented
comprehensive “green tax” reforms, all three approaches have been attempted. Also akey characteridticis
the fact that environmental tax reform in these countries have been implemented as part of fundamental
tax reforms with a much wider scope than just that of improving the environment.

Annex | provides summaries of the main ewironmental tax provisions introduced in Denmark,
Norway, Sweden, and the Netherlands. The recent experiences of green tax reforms in these countries
illustrate the variations both in the gpproach and scope of the reforms, as well as in the implementation
drategies chosen across countries. But, perhaps more importantly, they also show some important genera
issues and problems which have confronted the early reformers. These experiences may be useful for
other countries in their preparations for green tax re?/orm. In our view the following six issues, some of
which have been touched upon in the conceptua discussion above, figure prominently in this context.

First, the reforms have not taken place in a vacuum but have been adopted against a common
background of international agreements to reduce emissions of greenhouse gases. This background
follows in turn from the increasing scientific consensus that globa warming is underway and is linked in
part to the emissions of greenhouse gases. In some countries such as Norway, the goal of taking the lead
Internationally has, indeed, played an important role in the domestic reform debate. The OECD and
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European Union congtitute important focal points for discussions and exchange of information on these
issues among developed countries, and have taken innovative initiatives in this respect.**

The most prominent international agreement is the Kyoto Protocol, agreed in 1997 but yet to
enter into force,"™ which calls for a reduction of greenhouse gas emissions of some 7 per cent on average
for OECD countries in 2008-2012 relative to their base level (generaly 1990)."° Because of significant
increases in emissions since 1990, the “effective’ reductions implied by the Protocol are typically
sgnificantly larger than the 7 per cent mentioned above for OECD countries as a whole (under a
“business as usua” scenario, required reductions are about 30 per cent). The European Union has adopted
a separate burden-sharing agreement to achieve the targets under the Protocol for its 15 membership
countries. While few of the specific domestic policies necessary to achieve the targets are in place today,
much research has gone into estimating the costs of implementing the Kyoto targets. Simulations seem to
suggest that if the targets are met using only cost-effective domestic measures (that is, disregarding
mechanisms such as international emission trading), real income in the OECD overall would be reduced
by about 0.5 per cent—seemg;ga/ a modest reduction, but hiding much Iaré;er impacts on some sectors.
Moreover, the estimates are b on some strong assumptions, and may well underestimate the true costs
(OECD, 1999b)."" International trading of emission alowances could substantialy lower the costs and
would generdly alow OECD countries to meet the targets with higher levels of GDP, but as with other
parts of the implementation, little progress has been made with regard to the practicaities of internationa
emission trading.

Second is the fact that the introduction of CO, taxes have been the common key element of al the
reforms discussed here. Hence, al the countries have found that the most efficient way to achieve
environmental objectives is through emisson taxes targeting CO, emissions, which are by far the
dominant green house gas. However, since technical complexities prevent fully accurate measurements of
actual emissions, the tax bases are measured as the estimated average carbon content of the products in
guestion; hence, in practice, these taxes fall somewhere in-between product taxes and pure emission taxes
(Box 2). Also, asillustrated in Table 3, the rates of the tax chosen vary markedly across countries (for
convenience, the rates are shown in Norwegian Kroner). Norway and Sweden have introduced by far the
highest tax rates, athough it should be noted that statutory rates may be somewhat mideading indicators
of the “effective’ rates owing to differences in the scope of exemptions granted across countries.*®

Third, the green tax reforms dealt with here have generally not intended, as their main motivation,
to raise significant amounts of revenue; indeed, in most cases, a dua objective have been pursued by
applying measures aimed at improving environmenta conditions, mainly through increased taxation, and
a the same time to utilize the resources raised to dleviate the distortions created by other taxes, first of all
taxes on labor. In Denmark, this was done through reductions in the margina tax rates on labor income
and reduced social security contributions; in Sweden, a major generd reduction in income taxation was
implemented; and in the United Kingdom, the Climate Change Levy announced by the chancelor in
March 1999 is intended to be baanced by a reduction in Nationa Insurance contributions. While
employment considerations have played an important role in the reform initiatives, it should be recalled,
though, that the employment impact generally is expected to be fairly modest (see Annex | for country
examples); but aso that the primary raison d’ étre of any green tax reform is relative price corrections and
not its revenue-raising capabilities. More generaly, many of the reforms reflect the strive toward less

1 In September 1999, for example, the Environment Committee of the European Parliament passed a draft
resol ution on climate change containing a harmonized ecotax plan in which the 15 EU countries can opt in or out.

15 The Protocol will not enter into force until ratified by countries accounting for a least 55 per cent of so-called
Annex 1 emissions, and by at least 55 countries. Eight countries have ratified so far, but none of the Annex 1
countries. The institutions and procedures for monitoring and reporting of noncompliance are yet to be established.

16 Developing countries are not subjected to binding targets under the Protocol, and only a few of these countries
have voluntarily adopted emission targets similar to those of the developed countries.

" The costs are also estimated to increase over time, and will reach 1.5 per cent of GDP in 2050 if emissions are to
be maintained at the level embodied in the Protocol.

18 “Effective” rates of taxation could be measured as the ratio between actual green tax yield collected and the
potential tax base (that is, including what is currently exempt). Data deficiencies have prevented the calculation of
effective rates.
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distortive tax systems that at least could alleviate some tax-induced distortions with an adverse impact on
employment and at the same time would remove incentives to degrade the environment.

Table 3. CO, Taxesin Salected Countries
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Fourth, and closely related to the issue of revenue neutrality, is the alleged adverse impact that the
introduction of green taxes may have on international competitiveness. As noted in Annex |, this issue has
so far barred progress on a harmonized green tax reform in the EU. Industry arguments about adverse
effects on competitiveness have led countries to grant tax exemptions mainly to h emitters, even
though these exemptions tend to seriously weaken the link between the tax paid and carbon emitted and,
obvioudly, reduce the yield from the tax and hence the potential for reducing labor taxes. To mention just
afew examples, these considerations have played a significant role in the discussions: in Germany, where
the energy tax is capped; in Fnland, where the dectricity sector has been exempted from the carbon tax;
in Denmark, where the yield from emission taxes are “recycled” to industry, and taxation in some cases
have been replaced by voluntary agreements; and in Norway, where possible steps to scale back the
carbon tax to counter afdl in investment in the oil sector, prior to new offers for oil exploration, are being
contemplated. Hence, key policy interactions between environmental goals and considerations of
competitiveness and regional development have played and ill play a dominant role in the scope and
practicd design of environmental taxes a both the national and internationa level. The ongoing
discussions in the United Kingdom on the introduction of the Climate Change Levy provides another
clear example of the inherent political and economic controversies involved in basic green tax reforms.
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Fifth, perhaps of less political significance than the competitiveness issue, is the perception that
gge_en taxes are predominantly regressive, as suEported by a number of empirical analyses. However, at
their present levels, ecotaxes do not seem to have any significant regressive impact, athough some
smulation models involving significant carbon taxes indicate modest regressvity (OECD, 1997b),
Section |1; see adso Annex I, Section Il on Sweden). It should be noted, though, that—idedly—the
distributional consequences of ecotaxes should be measured net both in relation to the taxes that they
replace in cases of revenue neutral reforms (mainly labor taxes which may be heavily regressive) but also
with regard to the incidence of the environmental improvements that they generate, which may well be
progressive.

Sixth and lastly, the sustainability of ecotax revenue has been noted as an important issue because
of the trade-off between the environmental and the fiscal (revenue-raising) objectives of ecotaxes. there
are merits to the view that ecotaxes should be analyzed using the same basic criteria typicaly applied to
taxation in general: efficiency, equity, simplicity, and buoyancy. However, for atypicd ecotax, there may
well be trade-offs which are lacking for other type of taxes since, in a sense, pure Pigouvian ecotaxes are
ultimately aimed at eradicating or certainly limiting their own bases, that is, there is a conflict between the
economic efficiency and buoyancy objectives. Thus, while fiscal considerations would favor a broad and
stable revenue basis, from an environmental point of view the am of an ecotax is to diminish its own
base. Perhaps the most successful example in this context is the impact of high excises on leaded petrol
(as compared to those on unleaded petrol) in many OECD countries which may help to explain the total
disappearance from the market of this product in some countries (Austria, Denmark, Finland, Norway,
and Sweden). However, as this example illustrates, ecotaxes may change the composition of consumption
(in this case petrol) through substitution from highly polluting to more cleaner products, but still with a
substantial and fairly stable (price inglastic) tax base intact (in this case in the form of unleaded petrol).

More generdly, the conflict between fisca and environmental objectives should not be
overstated. For instance, the base of many existing CO, taxes seems to be fairly stable or even growing in
countries where such taxes have been introduced, and at their present levels, existing environmental taxes
are not likely to trigger strong behavioral changes or demand shifts. Furthermore, there still seems to be
ample opportunities for introducing or increasing taxes on harmful or polluting products, which have a
fairly low demand easticity. This may, however, change in the future with increased use of these taxes
and as indicated earlier cases have, indeed, occurred where atax has had a substantial impact on its own
base, the Swedish sulfur tax being one good example.

B. Limited Experience with Tradable Permits

Tradable permits systems are implemented only in a few countries, and with limited scope. In
Europe, very little application exist. In Germany, the air pollution legidation alows the transfer of
emission reduction obligations (offsets) but this possibility has been used in less than two per cent of the
cases (OECD, 1997a). In the Netherlands, power plants bubbles are allowed under a n agreement signed
between the 12 provinces and the Association of Electric Producers in 1990. In the United Kingdom,
provisions for intrafirm bubbles for power plants were introduced in 1996. Australia and New Zealad
ha\éesaso introduced provisions for pollution trading as well as some developing countries such as Chile
and Singapore.

While provisions have been introduced for pollution trading in several countries, OECD (19974)
argues that the systems have been applied on a very limited scale. One notable exception is the case of
the United States where support for the use of this market approach has clearly grown, as reflected by the
increasing number of applications both by the federal government and by state governments. Indeed, the
United States was the first country to apply tradable permits widely in the context of its environmental
protection programs, and even today, most applications of tradable permits can be found in that country.
These applications have nmainly related to the emission of air pollutants, but both water-based and land-
based applications have aso been used at times. Hence, while there have been applications in other
OECD countries (for example, Germany, Australia, Netherlands, the United Kingdom), usage of the
instrument has been much less in these countries than in the United States. Consequently, most of the
efforts to date to evaluate the use of such systems have focused on the United States experience. Table 4
provides an overview of the main tradable permits systems currently in place in OECD countries. Specific
country experiences are discussed at length in Annex I1.
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Table 4. Summary of Main Tradable Permits Applications in OECD Countries

Country Program Period Type of Program Initial Allocation Banking
Air protection
United States EPA Emission Trading Program 1975- Credit-Based n.a. Yes
United States EPA Lead-in Gasoline Program 1982-87 Cap-and-Trade Grandfathered Yes
United States Post-Montreal CFC Trading System 1988- Cap-and-Trade Grandfathered No
United States SO, Allowance Program 1990- Cap-and-Trade Grandfathered Yes
(auctioned)
United States RECLAIM 1992- Cap-and-Trade Grandfathered No
United States OTC Nox Budget 1994-2003 Cap-and-Trade Grandfathered Yes
Germany VOC Control 1993- Credit-Based n.a. Yes
Water protection
U.S./Wisconsin Fox River 1981- Credit-Based n.a. No
U.S./Colorado Dillon Reservoir 1984- Cap-and-Trade Grandfathered No
Australia Murray-Darling Basin Program 1988- Cap-and-Trade Grandfathered Yes
Fisheries
Australia Individual Transferable Quota (ITQ) Cap-and-Trade Grandfathered No
Canada ITQ Cap-and-Trade Grandfathered No
Iceland ITQ Cap-and-Trade Grandfathered Yes
Netherlands ITQ Cap-and-Trade Grandfathered No
New Zealand ITQ Cap-and-Trade Grandfathered No
United States ITQ Cap-and-Trade Grandfathered No

Source: OECD (1999d).

While the theoretical advantages and characteristics of tradable permits have been well
established for many years in the literature (Section 1), there are many decisions that must be made to
turn theory into practice. We first present some of the issues that may arise in a practica setting but are
typically not discussed in most studies. Harrison (1999) suggests organizing tese decisions into three
broad categories (that is, threshold, design, and implementation issues), corresponding roughly to the
chronology in which they would be addressed.

Threshold issues include decisions regardi n%e;[he basic purpose and nature of the gystem, most
specificaly with respect to: (1) the emission goa to be achieved—this includes the distinction of whether
the system is set up when emission goals are set, or whether the system is set up as an adjunct to existing
goal; (2) geographic area covered—this includes the decision of whether trade can be made within local
air quality control regions, states, or group of states; and (3) the nature of the commodity to be traded—
these issues include the important distinction between two types of programs. cap-and-trade versus credit-
based systems. In the former, overal emissions are capped and parties trade an alowance (that is, the
right to emit a unit of the given pollutant). In the latter, the commodity is an emission reduction credit
(that is, a credit based upon the showing that the seller has reduced emissions below a baseline leve).

Design issues cover issues such as. (12 the allocation of initiad alowances (note that this issue is
only relevant in a cap-and-trade program); (2) geographic or tempora flexibility or redtrictions—this
includes the possibility of restricting trade among different parts of the geographic range of the program,
and the possibility of banking (that is, reducing emissions more than is required and “banking” the surplus
for future internal use or sde); (3) specification of emission sources that are required or alowed to
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participate—this includes the possibility of alowing other sources to “opt in” to the program; and (4)
possible establishment of ingtitutions to facilitate trading.

Implementation issues cover issues such as (1) the certification of permits—whether emission
restrictions must be certified before they can be traded; (2) the choice of methods for monitoring and
reporting emissions; and (3) the means of determining compliance and enforcing.

Lessons learned from the United States experience

We suggest a number of important lessons that might be drawn from the United States
experience.”

Fird, tradable permits remain somewhat controversia, even in the United States with its
relatively long history with the instrument. Overall, and at least in the case of permits systems aimed at air
pollution abatement objectives, political support for these systems seems highest when they are
introduced as completely new initiatives, rather than add-ons to aready existing program. There are
severa potentia explanations for this (Stavins, 1998), the main one being the lack of congtituencies for
the status quo, namely new programs do not have the difficulties of modifying expectations that are set up
for existing programs among various constituencies.

Second, tradable permits programs can be implemented at different geographic scales. Successful
tradable permits systems have been established for sources throughout the United States (for example,
SO, trading program, lead-in gasoline), as well as for sources in individual geographic areas (for example,
Cdifornia s RECLAIM). In both cases, however, trades take place in a sSingle administrative region. No
existing program so far has involved trades across different states or different air quality control regions
within a state. The NO, Budget Program represents the first attempt at such program and should provide
important information on the additional issues involved in interstate programs. There appears to be a
trade-off between the increased efficiency generated by expanding the size of the permits market, and the
risk of creating environmental “hot spots’™® as a result of increased trading. In some programs, this
problem has keen solved by constraining the size of the market, so that only nearby emitters can trade
with each other. Another approach is to use two types of environmental regulations. For instance in the
SO, program, there are no geographical constraints on the market (that is, trading can occur between any
two participating firms); however, these firms are aso subject to additiona local environmental
constraints.

Third, cap-and-trade programs are used more frequently than credit-based programs. Overall, the
volume of tradi n? in these programs tend to be larger than it is for emission reduction credit systems. This
is a least partidly because the commodity being traded is usually better defined, therefore reducing the
obstacles to trading and increasing the likelihood of potential costs savings. Credit-based trading requires
the computation of arbitrary and often controversiad baselines in order to establish a reference point for
future reductions, often ending up with permanent administrative oversight and/or cumbersome
certification procedures. This uncertainty may also complicate the initia alocation of rights, which can
involve controversia procedures and assessments.

Fourth, determining the initia allocation of permits is crucial. Despite a theoretical preference for
an auction approach, grandfathering of the initial permits has been agpplied in virtualy al applications that
have been observed in practice. Only in the SO, alowance program is a portion of the permits offered at
auction. This is done in an attempt to make up for market imperfections and/or to accommodate
newcomers to the market. Usually grandfathering is done to achieve some perceived equity
considerations. As long as the number of firms, which are granted permits free of charge is large, and as
long as the systems eliminate rents from the newly created assets, grandfathering seems to be socialy
acceptable. However, there was a least one case where the boundaries of socia acceptability were
gpparently surpassed. This involved ozone depleting substance quotas alocated in the United States under

19 These lessons are drawn for the most part from the proceedings of an OECD workshop held in Parisin September
1998, on the theme: “Domestic Tradable Permit Systems for Environmental Protection: |Issues and Challenges.”

20 Hot spots are very high concentrations of pollution in particular locations; tradable permits could contribute to the
formation of such hot spotsif they allowed more clustering of emissionsin vulnerable areas.
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the Montreal Protocol. In this case, CFC producers and importers were expected to receive large windfalls
gains as a result of the introduction of the system. These windfalls profit were then taxed away by the
United States Congress.

Fifth, alowing intertempora trading (banking) can provide important flexibility for sources to
undertake early reductions in order to accumulate allowances that can be used to ease compliance in the
future. Most tradable permits systems in the United States have used banking. This flexibility appears
particularly important when reductions are phased in over time such as in the SO, alowance program and
lead-in-gasoline program. By dlowi n? early abatement efforts to be banked for later use, the
environmenta benefits can be incr , in the sense that large emission reductions are achieved when
emissions are the highest (that is, when the marginal damages from emissions are the highest). There are
also economic benefits associated with banking because it reduces the exposure of emitters to alarge shift
in permits prices.

Sixth, private ingtitutions typicdly develop to facilitate trades and provide market information,
athough government ingtitutions (for example, auctions) can be useful initially. Brokers are important
elements of the trading program for both the SO, alowance program and RECLAIM. The brokers lower
the overall transactions costs for trades, increasing the volume of trades and overall costs savings. In the
SO, program, for instance, brokers and other private market transactions account for the bulk of
allowance sales and purchases. In contrast, few transactions are accounted for by the auction mechanism
set up to help newcomers. Such auctions can, however, be useful in the early stage of the program to
provide information on prices.

Seventh, flexibility in monitoring requirements may increase participants beyond large sources.
Emissions under a cap-and-trade programs must be monitored to ensure that the quartity of alowances
purchased and sold is accurate. Continuous emission monitoring systems offer some degree of certainty in
the emisson monitoring process, and are therefore often mandated by tradable permits programs.
However, this costly requirement often precludes the participation of small emitters (such as in the case of
the SO, Frogram for example).”* Experience with the RECLAIM program on the other hand proves that it
is possible to combine both large and small sources, with different regimes being gpplied to both groups.
In that case, smal firms were given an opportunity to participate in the program, with emissions being
estimated (for example, by fuel meters and/or using emission technology factors). However, it should be
noted that this approach has only been tried in the United States, where emitters tend to be covered by a
complex and well-established system of supplementary environmental controls, in addition to the permits
systﬁm itself. Similar programs replicated in other jurisdictions may face compliance and enforcement
problems.

[1l. EXPLORING THE POTENTIAL OF ENVIRONMENTAL TAXES
AND TRADABLE PERMITS; TENTATIVE CONCLUSIONS

This paper has presented the relative merits of green taxes vis-avis tradable permits as the two
dominant economic instruments in pollution control. The scope for making greater use of economic
instruments in environmental policy has been an increasing theme in recent policy discussion. Indeed in
many countries, more particularly OECD countries, there has been an imCPortant ghift in nationd policy
towards the use of market mechanisms such as environmenta taxes and tradable permits. The key
argument behind the use of these instruments is now widely recognized, namely that in comparison with
conventional  “command-and-contra” regulation, they have the potential to reduce economic costs
associated with a given level of environmental protection.

While the primary emphasis of the paper has been to compare environmental taxes and tradable
permits as policy options for controlling pollution, two important points need to be stressed at this time.
Firgt, while the role of economic instruments has clearly increased over the last decade, this progress
should not be exaggerated since most regulatory measures are still of the command and control variety, in
other words economic instruments have not replaced command and control policies but rather seem to
have been implemented in conjunction with existing regulations. Second, while we have discussed

2110 some instances, the combined emissions from small emitters may turn out to be more significant than those of
the larger emitters.
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environmental taxes and tradable permits as two dternative instruments to control pollution, we should
stress, that our discussion does not rule out the possibility of using the two instruments simultaneoudy
(although, in this context, some specific compatibility issues may arise that were not discussed in the
paper, see Smith, 1999).

Going back to our primary gg{'ective, namely comparing environmental taxes and tradable
permits, from a conceptua and theoretical point of view, the two instruments have many similarities and
no obvious result seems to emerge concerning which instrument is preferable to the other. From a
practical point of view, however, there is no doubt that the majorigl of countries engaging in the use of
economic instruments for environmenta policy purposes have relied much more on taxes than on tradable
permits. The reason is presumably that taxes constitute a more familiar tool than permits—a tool that,
furthermore, can be implemented through an existing administrative apparatus. Tradable permits, in
contrast, are new policy instruments, which have a lot of promise, but with which governments and their
adminigtrations are less familiar.

Given the positive results achieved so far in various programs in the United States, tradable
permits systems seem likely to continue to be applied in the United States (and perhaps even at an
increasing rate). However, the political climate for tradable permits in Europe is not as certain and severa
European governments are currently contemplating or engaging in long-term programs involving mainly
environmental taxes. For those countries, we suggest three important lessons, based on the experience of
the ecotax leaders:

Fird, green tax reforms should not be expected to yield significant revenue. Consequently,
redlistic expectations must be adopted concerning the existence of a double dividend, including the
potentia for a significant positive impact on employment. True ecotaxes are more likely to be successful
as environmental instruments rather than fiscal instruments.

@ Second, CO, taxes have been at the core of al the reforms discussed. Hence, al countries
concerned have found that the most efficient way to achieve environmental objectives is through emission
taxes targeting CO, emissions, which are by far the dominant green house gas.

(b Third, there is an important trade-off between environmental objectives and the potentia loss of
international  competitiveness relative to other countries that impose lower or no such measures.
Considerable opposition should be expected as a result of the imposition of MBIs, particularly from the
industries most affected by the introduction of such systems. This cals for careful design of the
“recycling’” mechanisms to be adopted for revenues, dong with careful consideration of phasing-in
péfovisions and extensive consultation and information campaigns prior to the introduction of any such
reform.

As for tradable permits, both actual experiences (in the United States mainly) and willingness to
experiment with it seem to be expanding. Experiences gained at the national level may, furthermore, help
to ensure wider implementation at the international level—an important consideration in view of the fact
that trading forms a key part of the Kyoto Protocol. The implementation of an international tradable
permits system would probably be facilitated if domestic systems have dready familiarized loca
stakeholders with the permits approach (by the early identification of marginal abatement costs, and also
by facilitating the eventua establishment of monitoring and control systems at the internationa level). In
short, considerable potentia exists for a wider use of the tradable permits approach, both nationally and
internationaly. The key chalenge now isto redize that potential.
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ANNEX |

COUNTRY EXPERIENCESWITH ENVIRONMENTAL
TAXES: THE ECOTAX LEADERS

A. Environmental Tax Reform in Denmark

Environmental concerns became the focal point of the tax policy discussions in Denmark around 1990
when Denmark passed an energy action plan with the objective of reducing the level of emissions of CO, by 20 per
cent in 2005 compared to the level in 1988 (Helbo Hansen, 1999). Furthermore, Denmark acceded to the EU
agreement for emissionsin the year 2000 not to exceed their level in 1990.

The action plan was followed up by three important tax reform initiatives:

1 In 1992-93, a CO, tax was introduced at a level of about $17 per ton of CO,, initially only on households,
but later extended to industry, followed by a reduction in the taxes on oil and gas. For households, the CO, tax rate
was about 20 per cent of the consumer price net of taxes, in addition to the standard energy tax rate of 105 per cent
of consumer prices net of taxes. For reasons of competitiveness, industry paid only a rate of 10 per cent, with
reduced rates applied to energy-intensive industries (a degressive rate schedule was introduced with reference to the
value added of industrial companies). Because the degressive rate schedule gave only limited incentive effects
compared to the average tax burden on a company, the tax provisions were supplemented by a system of voluntary
agreements through which eligible enterprises would be refunded all the tax if they carried out energy-saving
programs, controlled though an independent audit. The extra revenue raised from this tax (0.2 per cent of GDP) was
in part used to increase energy saving expenditures, and in part to reductions on the tax on beer and wine (by some
observers characterized as an interesting variation of the double dividend).

2. A major green tax reform was to be phased in during 1994-98, the main objective being a substitution of
taxation on labor corresponding to about 2.2 per cent of GDP (with marginal tax rates on labor to be reduced by
10per cent) by increased ecotaxes and charges on energy, waste, water, and sewage (1.2 per cent of GDP), as well
as by higher capital income taxes (1 per cent of GDP). The overall reform was intended to be revenue neutral
through “recycling” of the revenue gain back to industry, through lower social security contributions of employers
and investment incentives to induce industrial energy-saving measures. The higher energy taxes initially only
applied to consumers, but work was initiated to prepare higher energy taxeson industry aswell.

3 This led to the introduction in 1996 of a tax on SO, emissions of about $1.7 per kg, as well as a further
increase in the CO, tax on businesses. Particularly the SO, tax had a radical impact on consumption, since industry
with relative ease could move consumption toward low-sulfur fuels. During the whole of this process there was an
extensive activity in industry to introduce meters, and to negotiate individual agreements on pollution-reducing
measures and plans. Considerations are under way to further increase green taxes and to broaden the scope of their
use. Energy tax rates were further increased and new ecotaxes introduced during the fall of 1998, including in
particular a new tax on nitrogen consumption outside agriculture, which was combined with comprehensive
regulatory measures to restrict nitrogen use in agriculture. Interestingly, despite the arguments that regulation
involves higher costs than economic instruments such as taxes, Danish farmers strongly opposed the tax route and
argued in favor of regulation to reduce nitrogen emissions to the environment.

The overal macroeconomic impact and the impact on overall employment is expected to be modest,
although the impact for individual sectors and industries may be quite significant.

B. Environmental Tax Reformin Norway

Since the late 1980s, a strong focus on sustainable development has become a cornerstone of policymaking
in Norway (Moe, 1999). In this respect, Norway was clearly among the frontrunners with regard to devising ways to
encompass environmental concerns in general economic policies, with the aim of achieving a high level of
employment and growth without harming the environment. Today, Norway probably has the most extensive
framework for environmental policy of all countriesin the world. Asjust one element of this framework, an annual
document annexed to the budget examines the environmental profile of the state budget, identifying all expenditure
itemsthat are wholly or partly motivated by environmental policy objectives.

While environmental legislation in general has a fairly long history in Norway, environmental tax policy
moved to the mainstream of policymaking only in the late 1980s. Based on the recommendations of an early
environmental tax commission established in 1990, a number of environmental taxes and charges were put in place

241



ADVANCE UNEDITED COPY

in subsequent years inter alia with the aim of stabilizing CO, emissions in the year 2000 at 1989 levels. It was
calculated that achieving this ambitious goal would inevitably have negative consequences for employment. The key
policy instrument was the CO, tax introduced in 1991 with different rates for different fossil fuels. A number of tax
exemptions, mainly for export-oriented manufacturing industries, mean that only about 60 per cent of tota CO,
emissions are subject to the tax, and only about 20 per cent of emissions from manufacturing. The exempt
manufacturing sectors—similar to the situation in the other countries with a CO, tax—are heavily exposed to
international competition.

A broad-based second environmental tax commission established in 1994 submitted its report to the
government in 1996. A key objective of the commission was to design policies to ensure that the economy can
deliver both high employment and a better environment, and the approach adopted was to seek ways to integrate
environmental policies and objectives in mainstream macroeconomic policies. Core to the work of the commission
were the questions of whether taxes on labor could be relieved and replaced with incentive-based green taxes, and
the possible implementation strategies for such a reform in a small open economy. A key issue in this regard was
also the cost effectiveness in reducing national CO, emissions in accordance with the binding commitments reached
in Kyoto in December 1997. In this respect, Norway was one of the only five countries that implemented a carbon
tax to curb CO, emissions, which in 1996 accounted for 70 per cent of total greenhouse gas emissionsin Norway.

Based on fairly extensive empirical research and a large number of simulations, the commission concluded
that taxes on labor and on investment are the most distortive at the margin, and that environmental taxes, set
correctly, can improve the efficiency of the economy. Substituting the one with the other would represent win-win
policies. Despite these clear but theoretical advantages, the commission also pointed to a number of drawbacks of
such a policy. For instance, labor taxes in the form of payroll taxes and social security contributions constitute an
important and stable revenue source; and structural changes of a nature and range required would lead to opposition
from the groups and sectors adversely affected.

The model simulations carried out by the commission, which illustrates the effect of raising green taxes by
1 per cent of GDP with a broadly offsetting reduction in payroll taxes, showed a marginally positive effect on key
macro variables (disposable income, inflation, employment, and unemployment), combined with significant
environmental benefits. On the key question of whether green tax reform may produce a double dividend, the
commission points to the theoretical a priori inconclusiveness, but also—through its empirical simulations—seems
to underpin the view that a double dividend will, in fact, materialize over the long term, if reforms are correctly
designed, although the effects in long term equilibrium may be modest. It should be stressed, though, that in the
view of the commission, a double dividend is not a necessary condition for carrying out reforms, as long as the
policies benefit the environment without hurting employment, or strengthen employment and the efficiency of the
economy in general without affecting the environment negatively.

Empirical research suggests that the CO, taxes in Norway may have reduced emissions by about 3 to 4 per
cent in 1991-93. However, the above-mentioned commissions pointed to the need to raise the effectiveness of the
carbon tax structure: hence, the exemptions and the weak link between the rates of taxation and the carbon content
of products imply that the incentives for reducing carbon emissions are weakest in industries where marginal
abatement costs are lowest. The majority of the latter commission, therefore, advocated a rapid change to a carbon
tax system without exemptions. A governmental proposal of April 1998, to extend the carbon tax to exempted
sectors (with compensations) met fierce opposition in parliament, and was eventually watered down, with the new
CO, taxes coming into effect as of January 1999. Parliament decided in this connection to set up a commission to
prepare a national system of tradable emission quotas for mainland processing industries, linked to the Kyoto
mechanisms, with a report ready by the end of 1999. According to a Ministry of Finance estimate, the introduction
of international emission trading may significantly reduce the annual abatement costs of compliance with the Kyoto
targets compared to national solutions, to as much asathird (from 0.6 to 0.2 per cent of GDP).

C. Environmental Tax Reformin Sweden

The comprehensive tax reform of 1991 signaled a major shift in the emphasis of environmental policiesin
Sweden, from the previous extensive use of subsidies to achieve environmental objectives, toward the use of taxes
as the main economic instrument (Brannlund, 1999). The 1991 reform was in part based on the work of a
Commission on Environmental Charges set up as early as in 1988. The overall reform was based on a significant
reduction in income taxes, largely offset by a series of new ecotaxes, especially on carbon, sulfur, and nitrogen
oxides by a restructuring of energy taxation and by a broadening of the VAT base. The net effect was a 6 per cent
redistribution of GDP, including about 1 per cent related to ecotaxes. A key element in the green tax reform was the
introduction as of January 1, 1991 of a CO, tax on oil, coal, and natural gas. Following a second round of reform in
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1993, the manufacturing sector pays only 25 per cent of the tax for reasons of competitiveness. The initial intention
(but later abolished) was to stabilize CO, emissions at the 1988 level. It was estimated that environmental and
environmentally related taxes in Sweden in 1996 yielded about 3.2 per cent of GDP or 6per cent of total tax
revenues.

In the spring of 1995, a new commission, the Green Tax Commission, was established to analyze the scope
for using taxation to improve environmental quality and at the same time—as a second dividend—achieve a more
efficient resource dlocation through a reduction in unemployment. The commission was given avery broad terms of
reference, including the effect on the environment, employment, industrial competitiveness, and revenue yields.
While no specific reform was suggested, the commission offered some principlesto guide future policiesincluding a
more proactive effort in international fora to combat global and regiona environmental problems, and increased
efforts regarding research, including in the EU and Nordic contexts. Recommendations also included increased
attention to the equity aspects of ecotaxes and the need in general to avoid earmarking. An important conclusion of
the Commission's work is that increase in green taxes cannot be expected to yield revenues of a level, which could
finance substantial reductionsin labor taxes. Hence, any revenue gains should be allocated carefully and selectively.

The work of the commission also included useful analysis of key questions, mainly based on general
equilibrium (GE) models, such as the existence of a double dividend: the final report points to the fact that recent
literature (for example, Oates, 1995) questions the existence of a double dividend with reference to the fact that the
green taxes by themselves are distortionary, and that these distortions may well outweigh the benefits of reducing
other distortionary taxes such as taxes on labor. The GE-model simulations undertaken by the commission indicate
that a tax reform comprising a 100 per cent increase of the CO, tax and a revenue-neutral reduction of labor taxesis
likely to have a negative welfare effect on Swedish households, environmental effects excluded. In other words,
there is no double dividend. Other interesting results of the analyses carried out by the commission includes
simulations of the distributional consequences of the reform showing that CO, taxes are somewhat regressive.

The Swedish draft budget for 2000 calls for a number of green-tax increases which in part will fund
employment measures, including through job skill training.

D. Environmental Tax Reform in the Netherlands

Introduction of green taxes in the Netherlands dates back to 1988 when a new fuel charge replaced a
fragmented system of earmarked levies (Zom, 1999). The fuel charge was transformed in 1992 into a general fuel
tax with the financing responsibilities for environmental expenditures at the same time being shifted to the general
budget. This marked the start of a more comprehensive tax reform effort based on the introduction of green taxes.

By 1996, five distinct environmental taxes had been introduced (tax on the extraction of ground water, tax
on waste disposal, fuel tax, tax on uranium, and the regulatory energy tax) with atota yield corresponding to about
1.8 per cent of total taxesin that year, subsequently reaching about 2.5 per cent in 1998.

While an important objective of the first four taxes was to raise revenue, in addition to their obvious
environmental policy motives, the regulatory energy tax was somewhat different. The dual objective of thistax was,
first, to provide financial incentives for energy conservation and the reduction of CO, emissions and, second, to
enable an efficiency enhancing restructuring of the tax system from direct taxes, particularly on labor toward
environmentally related taxes. A specia feature of this tax is a volume ceiling on the use of taxable energy which
contributes to focus the tax on small users of energy (households and small commercial establishments) which are
often thought to be the most difficult group to reach through other policy instruments (such as permits);
simultaneously, the tax avoids the adverse effects on international competitiveness that would follow from taxes on
large industrial enterprises. The rate and base of the tax is in line with the 1992 proposal for a European Union
directive for a CO,/energy tax, with half of the tax base related to carbon content and the other half to energy
content.

These initiatives on the indirect tax side (that is, consumption taxes) have been supplemented during the
1990s with important reform measures on the direct taxes (that is, income taxes), primarily through the introduction
of tax incentives to promote environmentally friendly investments (free depreciation on environmental investment;
tax relief for benefits from green investments; and an energy investment tax credit).

In March 1995, a Green Tax Commission was established in the Netherlands with the purpose of evaluating
the practical possibilities for using taxes to improve environmental quality and sustainable economic development.
The Commission, which has applied a tax-by-tax approach to its assessment, adopted a list of fairly strict criteriafor
evaluating potential green tax measures, including: demonstrable environmental benefits;, consistency with
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international law; simplicity of implementation; absence of adverse effects on the economy as a whole; and broad
revenue neutrality. In addition, according to the commission, green taxes should not be applied to behavior that
should not or cannot be changed to avoid the taxes. Some of the commission’s proposals have already been
implemented in practice. The commission’s third and last report dealt with the potential for further greening the
Dutch tax system in along-term perspective, inter alia, by shifting further from direct to indirect taxes.

The Dutch approach to green tax reform is somewhat different in its careful emphasis on “greening” the
existing tax system rather than, as the main approach used in most other countries, basing the green tax reforms
mainly on the introduction of new types of taxes.

ANNEX I
COUNTRY EXPERIENCESWITH TRADABLE PERMITS SYSTEMS
A. The United States Experience

The United States emission-trading program

As an instrument of abatement policy, tradable permits were used for the first time in 1975 by the
Environmental Protection Agency (EPA) through its Offset Program for air pollutants. Interestingly, the program
arose from an attempt to implement strict emission regulations, which in many areas could not be met within the
timetable or could be met only at substantial opportunity cost in terms of forgone economic growth. By 1975, it had
become clear that a number of regions, designated as “nonattainment” regions by the Clean Air Act, would fail to
attain the ambient air quality standards by the deadlines mandated in the Act. The Offset program was an attempt by
EPA to improve air quality while fostering economic growth as well. The program worked as follows. New firms
were allowed to enter nonattainment regions provided that they acquired sufficient emission-reduction credits
(representing excess reduction) from other facilities in the region so that total regional emissions would be lower
after entry than before. This was accomplished by requiring new sources to secure credits for 120 per cent of the
emissions they would add, the extra 20 per cent being retired as an improvement in air quality.

The program evolved over a number of years and eventually led to the 1986 Emissions Trading Policy
Statement, which covers several pollutants such as carbon monoxide, sulfur dioxide, particulates, volatile organic
compounds (VOCs) and nitrogen oxides. The program is characterized by several elements. The geographic
“netting” or “bubble” element allows trade of emission reductions among different sources within a firm, aslong as
the combined emissions under the bubble are within the allowable limit. The “offset” element allows firms to trade
emission credits between existing and new sources as long as the new emissions are more than offset by a reduction
from existing sources. Finaly, the “banking” element allows firms to accumulate and store emission-reduction
credits for future use or sale. Overall, the program is assessed as successful both in terms of environmental
effectiveness and economic efficiency, despite certain weaknesses, which have limited participation and interfirm
trading.

The lead-in-gasoline program

Following the path set by the offset program, the government began applying the tradable permits approach
more widely. One prominent use involved facilitating the regulatory process for getting lead out of gasoline. Under
this program set up in 1982, a fixed number of lead rights (authorizing the use of a fixed amount of lead over the
transition period) were dlocated to the various refiners. Refiners who did not need their full share of authorized
rights (due to early compliance) could sell their rights to other refiners. Refiners had an incentive to eliminate the
lead quickly because early reductions freed up rights for sale. Acquiring these credits made it possible for other
refiners to comply with the deadline. Designed purely as a means of facilitating the transition to this new regime, the
lead-banking program ended as scheduled on December 31, 1987. Two features of the program are noteworthy.
First, it resulted in a much easier phaseout of lead than would have traditionally be possible because of the
interrefinery flexibility that it offered (Tietenberg, 1998). Second, the program was designed to eliminate a pollutant
not merely to place an upper limit on itsannual use. In that respect, the program was rather unique.

Trading of permitsfor water pollution control

Tradable permits programs have also been used in the United States to control water pollution. The two
most notable cases are: (1) the Wisconsin Fox River water permits for point pollution sources; and (2) the Colorado
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Dillon Reservoir water permits for nonpoint pollution sources. In 1981, the State of Wisconsin issued discharge
permits to 14 paper mills and 4waste water treatment plants discharging effluents into the Fox River. The permits
were issued only for reduction in BOD discharges exceeding the levels required by treatment standards. Trading was
allowed to give firms more flexibility in controlling and treating their effluents. Despite estimates of potential cost
savings of up to $7 million per year, only one trade has taken place (Smith and Vos, 1997) under the program. The
reason most frequently cited to explain this lack of trade is the oligopolistic structure of the pulp and paper industry
and the regulated public utility status of the wastewater treatment plant which limited competition (Panayotou,
1998).

Under the permits trading program between point and nonpoint pollution sources at the Dillon Reservair in
Colorado, point sources are allowed to treat their effluents at less than required (drinking water) standards in
exchange for treatment of nonpoint pollution sources. In this case, the point sources are publicly owned sewage
treatment plants, and the nonpoint sources are agricultural, recreational, and urban activities. The fact that trading in
this system is between the waste treatment facilities and the water authorities implies low transactions costs and
hence easier implementation. Despite some estimates of cost savings of approximately $1 million a year (Hahn and
Stavins, 1991), only one point/nonpoint source trade and a few nonpoint source trades have taken place since the
program’s inception in 1984. Hahn and Hester (1990) attribute this dearth of trades to the requirement of prior
government approval.

The SO, allowance program

More recently, EPA has employed a tradable permits system to control acid rain. Under the program, SO,
allowances have been allocated freely to existing sources based on baseline fuel use and a specified emission rate;
the number of allowances will then be restricted to two phases to assure reduction of 10 million tons in emissions
from 1980 levels by the year 2010. To comply with the program, each existing firm must hold allowances equal or
greater than their emissions during the year. Allowances can be traded within and between utilities as well as banked
for future use. Firms found to produce excess emissions pay a penalty of $2,000 per ton and are required to offset
their excess the following year. Except for monitoring compliance, EPA’s involvement in the program was minimal.
For this reason, it is said to have worked better than earlier programs. Other reasons often attributed to the program’ s
success are the existence of monitoring technologies for SO, and the mandatory requirements for firms to install
continuous emission monitors. The first phase of emissions reduction was achieved in 1995 and applied only to the
most emission-intensive generative wnits. Under Phase Il of the program (to begin in year 2000), all fossil fuel
power plants will be included. So far, the program seems to have worked very well, achieving and exceeding the
targeted emission reductions. More than four million tons of alowances were transferred in 1996 between
independent plants (Panayotou, 1998).

The post-Montreal CFCstrading system

Through the Montreal Protocol which 24 nations signed in September, 1988, and, later on, the London
Conference which 59 nations signed in July 1990, signatory nations agreed to restrict their production and
consumption of the chief gases responsible for the depletion of the ozone layer in order to eventually achieve a
complete phase out of these gases between the years 2000 and 2005. To implement its responsibilities under the
protocols, the United States has chosen to use a transferable permits system. In August 1988, the EPA issued
regulations implementing a tradable permits system to achieve the targeted reductions. According to these initial
regulations, all major U.S. producers and consumers of the controlled substances were allocated baseline production
and consumption allowances using 1986 levels as the basis for proration. Each producer and consumer is allowed
100 per cent of this baseline allowance initially, with smaller allowances being granted after predefined deadlines.
These allowances are transferable within producer and consumer categories and allowances can be transferred
across international borders among signatory nations if the transactions are approved by EPA and results in the
appropriate adjustments in the buyer or seller allowances in their respective countries®?. Production allowances can
be augmented by demonstrating the safe reduction of an equivalent amount of controlled substances by approved
means. Some interpollutant trading is even possible within categories of pollutants. All information on trades is
confidential, so it is difficult to know how effective this program has been. One estimate suggests that as of
September 1993, the traded amount was roughly 10 per cent of total permits (Hahn and Stavins, 1991). It was also

22\/ery few cases of such international trades have been reported to this date.
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suggested that by allocating allowances to the major domestic producers of CFCs and halons, EPA created sizable
windfall profits (estimated to be in the billions of dollars) for those producers (Tietenberg, 1998). These windfall
profits were then taxed away by the United States Congress.

States' initiatives

While all of the above programs were initiated and promoted by the federal government, the newest
programs have arisen from state initiatives. One of the most ambitious of these programs is California’ s RECLAIM
program of the South Coast Air Quality Management District of Southern California. This program was initiated in
1992 and covers trading in SO, and NOy. Tradable permits were issued to 2,700 large polluters in proportion to the
pollution emissions they would produce in 1992 at full production capacity. The number of permits issued annually
will be reduced 8per cent annually for NOy and 6per cent annualy for NO, until the entire region is in full
compliance with federal ambient standards. Trading is allowed and encouraged. Several brokerage firms are
involved in making markets. The district has estimated savings of at least $270 million per year over previous
programs (Howe, 1994).

Another example is the Ozone Transportation Commission (OTC) initiative to control NO, emissions. In
1994, a group of North-Eastern states participating as members of the OTC, committed themselves to achieving
region-wide NO, emission-reduction targets by 1999 and 2003 through a tradable permits system. The NO, budget
program is a “cap-and-trade” program that allows large emitters of NO, emissions to trade allowances to meet the
emission targets in a cost-effective manner. Since the multistate committees that negotiated the agreements had no
statutory authority, a model rule was developed to serve as a template for state laws that must be enacted for each
state to participate. Elements covered by the model rule include: program applicability, control period, emission
limitations, emission monitoring, record keeping, and electronic reporting equipment. Each state has now the
responsibility for developing and adapting state rules that are consistent with the model rule, and a number of states
have already done so. The first phase of the program was due to start in May 1999 with an initial cap of 219,000
tons per year per region. This cap will remain in place until 2003, the start of the second phase, when the cap will be
reduced to 143,000 tons. The United States experience with tradable permits has stimulated interest in many
countries. Yet, there has been rather limited experimentation in other countries either developed or developing,
although serious considerations to this effect are being made.

B. Experiencein Other Developed Countries

The European experience

The major EU countries have long made extensive use of an array of pollution taxes (as described in the
previous section) but have rarely used tradable-permits schemes. The few applications that do exist are briefly
mentioned below. In Germany, the air pollution legislation allows the transfer of emission-reduction obligations
(offset) but this possibility is reported to have been used in less than 2 per cent of the cases (OECD, 1997a). In the
Netherlands, power plant bubbles are allowed under an agreement signed between the 12 provinces and the
Association of Electric Producers in 1990. In the United Kingdom, provisions for intrafirm bubbles for power plants
have been introduced in 1996. While provisions have been introduced for pollution trading in these countries,
OECD (1997a) argues that the systems have been applied on avery limited scale.

The Australian and New Zealand case

Tradable permits have been used on a somewhat greater scale in Australia and New Zealand. In Australia,
the Murray-Darlin Basin Commission’s program for salinity abatement of agricultural land and river system, began
on January 1, 1988, as the “Salinity and Drainage Strategy.” The strategy requires the state governments to
desalinate the river Murray so as to reduce salinity by approximately 113 electric currents (EC)* by 2015. As a
reward for such reductions, each state government receives salinity credits and may then choose to allow persons to

2 Electric currents are a standard measure of salinity and are used in calculating the number of salinity credits
availablefor trade.
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resalinate the river, by selling or issuing their credits. It is estimated that after credits have been issued, river salinity
would improve by approximately 78 EC (Australian Bureau of Industry Economics, 1992).

Tradable permits systems have also been used both in Australia and New Zealand in a dlightly different
context, namely, fisheries management?* Tradable permits (referred to, in the context of fisheries management, as
individual transferable quota or ITQ) provide individuals with rights to harvest up to a given quota of the fish stock.
The sum of al the quotas is the Total Allowable Catch (TAC) which is also the maximum yield consistent with the
survival of the species. These permits are tradable between vessels. They are denominated in tons of catch per
fishing year (of the specified fishing stock). Numerous I TQ systems have been used in Australia and abroad. One of
the most notable ones, the tripartite (Australia, New Zealand, and Japan) Southern Bluefin Tuna (SBT), failed from
two main reasons allegedly: (1) authorities consistently failed to measure the true size of the population stock; and
(2) population growth was volatile and unpredictable, thereby placing the stock at risk of over harvesting. A much
wider application of tradable quotasis New Zealand's Quota Management Scheme (QMS). Concern has been raised
with regard to its operations because of an apparent failure to reach an adequately stable and unique price for quotas.
It was argued that trades had not been active enough to generate sufficient observations for reliable analysis
(Australian Bureau of Industry Economics, 1992). Despite this problem, many believe that to this day New Zealand
has been the most effective country in imposing this type of system (Panayotou, 1998).

Experience in developing countries

As yet, there has been no survey of the use of MBIs in developing countries comparable to those done for
OECD countries. Only two major instances of operational tradable permits were reported in the still limited reviews
of the literature on environmental policy in developing countries (O’ Connor, 1998, OECD, 1997a, and Panayotou,
1998): in Chile and in Singapore.

Chile's 20-year experience with tradable water rights

Under Chile's water policy, individuals are granted freely tradable water use rights which are defined for a
fixed quantity per unit of time and are awarded following application by a potential user. A water right is granted
provided that it does not impair existing rights and that the ecological requirement of minimum flow has not yet
been reached by previous allocations. These rights are granted free of charge and recorded in a national register, the
granting authority reserving the rights to restrict water consumption in time of shortage. While owners of
consumptive rights (for example, irrigation mainly) have no specified obligation with regard to quality and quantity
of return flows, owners of nonconsumptive rights (for example, hydropower and recreation) are required to return
the same quantity and quality of water. Water rights are freely tradable and the market for water rightsis reported to
be quite active (Panayotou, 1998).

Singapore’ s experience

Singapore’s CFC permits auction scheme began in the late 1980s, after the ratification of the Montreal
protocol. Each quarter the national consumption quota was allocated among importers and users, half on the basis of
historic consumption (grandfathering) and half through auction. Importers and users were required to register to
participate in the bidding process, with each firm specifying the amount of its demand and its bid price. Bids were
ranked by price, with the lowest winning bid price (the one just exhausting the stock) serving as the unit permits
price. That price was then charged on the full nationa allotrrent. Initially, there was a stegp increase in permits
price, providing users with incentives to adopt conservation measures, substitutes, and alternative technologies. Asa
result, CFC demand fell sharply. Since the decline in demand depressed the price, the government accelerated the
phase-out schedule in an effort to support the price and maintain the incentive for continued demand reductions.

Singapore has also devised a vehicle ownership quota system designed to limit the growth in supply of
private automobiles. The Vehicle Quota System (VQS) was introduced in May 1990, following essentially the same
principles as the CFC quota system. Under VQS, anyone wishing to own a vehicle (except for buses and emergency

24 Other countries such as Canada, Iceland, the Netherlands, and the United States have experimented with such
programs, but on amuch smaller scale.
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vehicles) must have a certificate of entitlement (COE). Those vehicles already registered at the inception of the
system were assumed to have a COE (another instance of grandfathering), while anyone wanting to buy anew oneis
required to bid for a COE in monthly tendered exercises. Each bidder must indicate the amount he or she is willing
to pay for the right to own avehiclein a particular category. Bids are ranked from highest to lowest; each successful
bidder pays a COE price equal to the lowest successful bid price. The COE is valid for ten years from the date of
registration of the vehicle, after which the COE must be renewed at the prevailing price defined as the 12-month
moving average price of the COE in that vehicle category. By mid-1992, the COE price for a standard car had risen
by more than 60 per cent and represented about one-quarter of the total sale price (Panayotou, 1998).
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