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Abstract

European Policy, Taxation and the Environment

The eight essays which form this thesis relate to European Community taxation policy and 
environmental policy.

The first pair of essays develop an economic interpretation of the principle of "subsidiarity", and 
apply this in discussing the appropriate boundaries for EC action in relation, firstly, to the 
harmonisation and coordination of indirect taxes (VAT and excise duties), and secondly, 
coordination of environmental taxes.

The second group of essays consider further the role of taxation in environmental policy. The first 
surveys existing literature, and identifies a key tradeoff between "linkage" and administrative cost 
in efficient environmental tax design. The second essay considers the possible use of tax 
expenditures and other subsidies if the "first-best" policy, relying purely on tax incentives, is not 
feasible. The third looks at the European Commission’s 1991 proposal for a carbon/energy tax, 
and draws attention to a particular issue in the efficient specification of the carbon tax base.

The third group of essays consider distributional Issues raised by the use of environmental taxes. 
The first essay provides estimates of the distributional Incidence of the proposed European 
carbon/energy tax in the UK and other European countries, and assesses the scope for policy 
action to offset the regressive carbon/energy tax burden. The second essay considers similar 
issues in the different context of water charging. It presents estimates of the distributional incidence 
of various possible water charges in the UK, and draws attention to the possible equity/efficiency 
trade-offs which arise. The final essay considers the relationship between household energy 
efficiency, energy taxes and distribution. The paper presents econometric estimates, using UK 
household micro-data, of the pattern of energy efficiency take-up, and finds indications that market 
failures relating to household tenure may be a particularly severe impediment to the efficient 
adjustment of energy consumption to higher energy prices.
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Introduction

The eight chapters which form this thesis concern various aspects of taxation policy and 
environmental policy, at the European Community level and in member states. The chapters form 
three groups, with analytical links both within and between the groups. The first group, consisting 
of the first two chapters of the thesis, develops an economic interpretation of the principle of 
"subsidiarity", and applies this in discussing the appropriate boundaries for EC action in relation, 
firstly, to the harmonisation and coordination of indirect taxes (VAT and excise duties), and 
secondly, coordination of environmental taxes. The second group. Chapters 3-5, considers further 
the role of taxation in environmental policy, both in general terms, and in relation to the European 
Commission’s 1991 proposal for a carbon/energy tax. The issues given particular attention in this 
group of chapters concern the design of efficient environmental taxes, and their relationship with 
other elements of the tax system. The third group, which comprises the remaining three chapters, 
considers distributional issues raised by the use of environmental taxes. The three chapters 
consider, respectively, the distributional incidence of the EC’s proposed carbon/energy tax, 
use-related water charging, and the use of energy efficiency policies to promote efficient adjustment 
to higher energy taxes and to lessen the severity of the distributional constraint on energy taxation.

Part 1. Subsidiarity.

In both taxation policy and environmental policy the scope and ambition of Community action has 
expanded greatly over the past decade. This development was given impetus by the Single 
European Act of 1986 and the subsequent programme of measures to complete the Single Internal 
Market by the end of 1992. The Single European Act gave the Community, for the first time, an 
explicit mandate in the field of environmental policy, whilst the completion of the internal market 
required the Community to look closely at possible impediments to the single market arising from 
member state policy measures, inciuding both tax and environmental policies.

The role of Community policy in both fields has been the focus for much controversy, and conflict 
with member states over the extension of the Community’s powers and ambitions. The Community’s 
adoption, in the 1992 Maastricht Treaty, of the principle of "subsidiarity" has provided, for the first 
time, a formal basis on which to define the legitimate scope of Community policy intervention. 
Making this principle operational has, however, proved less straightfonward; it states, essentially 
that Community action must be justified in terms of the net balance of costs and benefits. The 
analytical underpinning needed to assess this balance in particular instances requires contributions 
from a range of disciplinary perspectives. It is, however, the contention of the first two essays of 
this thesis that the discipline of economics provides analytical principles which help to identify key 
issues and criteria.
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Chapter 1 articulates an economic interpretation of the principle of "subsidiarity", drawing on the 
theory of fiscal federalism, and illustrates its application to policy on indirect taxation. In the main, 
existing discussions of the assignment of taxation powers in the context of fiscal federalism have 
concentrated on issues of benefit taxation and tax base mobility. Here a richer set of considerations 
are brought to bear on the question of tax assignment, including a number relating to tax 
administration, tax enforcement and tax-setting incentives, which have received scant attention in 
the existing literature. Explicit consideration is also given in this chapter to the distinction (which 
is central to subsidiarity) between coordination (or harmonisation) and assignment.

The Commission’s 1987 proposals for changes to the system and rates of indirect taxation were 
designed to accommodate tfte abolition of internal frontier controls. They met with stiff resistance 
from member states, and it was only possible to agree on interim or "transitional" measures before 
the 1992 deadline. The Commission has continued to discuss possible permanent (or "definitive") 
arrangements for the European VAT system.

The first issue concerns coordination of the VAT system in member states, specifically with regard 
to the VAT procedures to be applied to cross-frontier transactions in goods and services within the 
EC. In essence, the questions to decided are what rate of tax should be borne by goods produced 
in one member state and sold in another, and how should the tax revenues be allocated between 
member states?

On the first of these issues, the essay surveys the literature on the economic consequences of 
different methods of taxing international transactions - "origin" and "destination" bases, and various 
intermediate positions. It concludes that there are good reasons in principle to prefer 
destination-base solutions, which are most likely to be consistent with the maximum discretion for 
member states on the structure and rates of indirect taxes. However, in practice, the case for a 
destination based approach to value added taxation is weakened, first, by the difficulty of ensuring 
consistent application of the destination principle to all categories of transactions, including 
individual and institutional purchases, and, second, by severe problems in the effectiveness of 
enforcement. Different types of VAT system for cross-frontier transactions have different 
implications for the control of fraud and evasion, and some of the VAT systems which in other 
respects may be most desirable are particularly vulnerable to inadequate enforcement. Systems 
based on some form of revenue redistribution (or "clearing") turn enforcement into a 
Community-wide public good, and run the risk that inadequate resources will be devoted by member 
states to VAT enforcement on certain types of transaction.

The chapter draws on a range of existing academic literature on the economics of the EC VAT 
system. However, it also makes a distinctive contribution, especially in setting out the limits that 
issues of administration and enforcement incentives place on the feasible range of options for 
intra-EC VAT. The observation that, under the Commission's 1987 proposals, the arrangements 
for revenue reallocation would have the effect of undermining enforcement incentives is potentially 
applicable to a wide range of international tax issues where credit is given for taxes paid elsewhere, 
and where the costs of this credit are effectively reimbursed.
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The second issue concerns the need for some form of Community coordination of the indirect tax 
rates levied by member states. The essay identifies cross-country policy spillovers, of a type similar 
to externalities, from the tax rate decisions of individual member states. These spillovers arise from 
"origin" aspects of taxation, including the excise duties applied to mineral oils used as Industrial 
inputs, and the cross-border shopping of individuals and institutions outside the VAT system. These 
spillovers are liable to generate a process of fiscal competition, leading to collectively sub-optimal 
decisions about tax rates. The essay reviews theoretical models of the outcome of fiscal 
competition, and of various different forms of Community policy rule to limit its extent.

The line of argument on the need for EC coordination of tax rates which is developed in Chapter 
1 has been influential in shaping both future academic research and the form of current EU policy. 
In particular, the distinction which is drawn between the case for instituting a lower bound to member 
states' VAT rates in the EC, and the absence of strong grounds for upper bounds to member states’ 
tax decisions has been reflected In the form of the current EC agreement to stipulate only a minimum 
rate of VAT to be applied in member states, of at least 15 per cent, whilst placing no restriction on 
member states’ powers to choose VAT rates higher than this.

Chapter 2 develops similar arguments in the context of environmental taxation. In addition to the 
discussions since 1987 about the harmonisation of member states’ existing VAT and excise duties, 
the Commission has also initiated debate on a new Community-wide excise, which it proposed 
should be levied on the energy and carbon content of non-renewable energy. Various aspects of 
this proposal are discussed in Chapters 2, 3, 5 and 6 of this thesis.

The Commission’s carbon tax proposal came in the context of discussion about the appropriate 
Community contribution to a global agreement on limiting greenhouse gas emissions. The need 
for co-ordination has been much more widely accepted in this context than in the earlier debate 
on the co-ordination of indirect taxes in general. Since the benefits of reduced greenhouse gas 
emissions would be global, and Individual European countries would gain no appreciable benefit 
from unilateral emissions abatement, the problem of free riding clearly justifies coordination. 
Nevertheless, issues remain about the appropriate form that the coordination should take; is it 
essential that the method of control - in other words, the choice of a carbon tax, instead of 
alternatives such as direct regulation - should be determined by the Community, and not just the 
objectives of policy, in the form of agreed emissions limits for individual member states? Also, 
since the need for coordination goes wider than Europe, what role, if any, is there for the EC to 
play?

Chapter 2 sets out a number of issues concerning the EU’s role in environmental taxation. One 
distinctive line of argument in Chapter 2 is that where there are grounds for some measure of 
coordination of member states environmental policies (as, for example, in the case of regional and 
global environmental policies) the form of policy matters and not just the level of environmental 
restraint. Since there is an informational asymmetry between an individual country implementing 
an agreed environmental policy and other countries with a potential interest in the effectiveness 
of the measures it takes, agreement on coordinated introduction of carbon taxes may be more 
credible, and therefore more likely to be implemented, than agreement on quantitative targets.
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Part 2. Tax policy and the environment

Part 2 begins with a survey of the existing literature on taxation and the environment. A distinctive 
theme deveioped in the survey is, again, the significance for the economic anaiysis of administration 
methods and administrative cost. Costs of administration are central to the design and scope of 
environmentai taxes, in two key respects.

Firstly, they place limits on the extent to which use can be made of environmentai taxes. The 
number of environmentai problems which might, in principle, be tackled by environmental taxes is 
aimost uniimited. A wide range of inputs, outputs, production processes and consumption activities 
are associated with poiiution or other environmentai damage; typicaiiy this environmental damage 
is controlled through "command-and-control" regulations mandating the use of particuiar 
technoiogies, restricting emissions leveis, or constraining iocationai choices. If emissions 
measurement and administration were costiess it wouid generaliy be more efficient for economic 
incentives to be employed in each of these cases. Because measurement and administration has 
costs, however, the efficiency savings from greater use of economic instruments in environmental 
policy need to be weighed against the additionai deadweight of administration. This wiii reduce 
the number of applications where economic incentives wiii be justified in terms of efficiency gains. 
It will also tend to suggest greater use of more "broad-brush" approaches, providing generaiised 
incentives to discourage certain damaging types of activities, rather than specific incentives 
targeted to each individuai emission.

Secondiy, consideration of administrative costs may identify circumstances where it may be more 
appropriate to introduce environmental taxes in the form of modifications to the rates and structure 
of existing taxes (especiaiiy existing indirect taxes), rather than in the form of new environmental 
taxes levied on the basis of measured emissions. Again, if measurement and administration were 
costless the latter would be preferred, since the incentive could be related precisely to the 
environmental damage. Use of existing tax bases (often the vaiue of transactions rather than 
quantity measurements) wiii depend for its effectiveness on an assumed iinkage between the tax 
base and the environmental damage which the tax aims to reduce; if the existing base is a poor 
or unstable proxy for the underlying environmentai damage the restructuring of existing taxes wiii 
achieve less precise targeting of the incentive than can be achieved with purpose-buiit taxes ievied 
on measured emissions. Probiems arise where taxpayers have the opportunity to vary the tax base 
independentiy of the amount of poiiution (in which case distortions in production or consumption 
may arise without any corresponding environmental benefit), or where there are important pollution 
control options which do not affect the tax iiability of the poiiuter. Environmental taxes on inputs 
to polluting production processes may not induce the most efficient responses by poiiuters, if 
poiiution can be reduced through end-of-pipe processes (such as filters and other effluent 
purification). As Chapter 3 observes, cost-effective methods of end-of-pipe abatement are not 
avaiiabie for emissions of carbon dioxide from production processes, and so a tax on the carbon 
content of input fueis will be relatively well-targeted. On the other hand, a tax on the sulphur content 
of fuels would be less efficient in controlling suiphur dioxide emissions, since in this case end-of-pipe 
abatement constitutes one of the avaiiabie control options.
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The second essay in the group, Chapter 4, considers the implications of second-best circumstances 
for instrument choice, in the sense that the attainment of a first-best level for the rate of an 
environmentai tax might be constrained in various ways. It may, for example, be impracticable to 
enforce a tax at the first-best level; some of the estimates of the level of carbon tax that would be 
required to achieve given targets for greenhouse gas abatement are so high that extensive evasion 
might occur. Alternatively, powerful polluter lobbies, or concerns about income distribution or 
international competitiveness might limit the rate of environmental tax which governments are able 
to set. Most formal theory has concentrated on the first-best case, in which the rate of environmental 
tax is unconstrained. In this case some clear prescriptions can be derived regarding the relative 
merits of environmental taxes and subsidies. Whilst the problems with subsidy should not be 
underplayed. Chapter 4 argues that in second-best circumstances a combination of pollution taxes 
and elasticity-increasing subsidy measures (in the form of, perhaps, corporate tax incentives for 
pollution control investments) may be more efficient than taxes alone.

Chapter 5 considers the carbon/energy tax proposed by the European Commission in 1991, and 
discusses an aspect of the tax which has received negligible academic attention, namely the 
specification of the point of taxation. At what stage in the production chain should the carbon/energy 
tax be levied? It is possible to envisage a carbon tax levied at an early stage in the chain, on 
primary "unrefined" energy, at the point of extraction or first import. At the other extreme, the carbon 
tax could be levied on the wider range of final fuel products, at the point at which they are sold to 
fuel consumers in industry or private households. Either would be expected to have much the same 
incentive effect, although it is argued that the relative tax burden on different fuels is likely to be 
more accurate with a carbon tax of the primary type. Both types, however, would be feasible, 
although there are administrative advantages and disadvantages to each.

Some of the issues are reflections of aspects of the "origin" versus "destination" debate for VAT. 
In particular, a tax levied on primary energy would result in a very different allocation of revenues 
between member states compared to a tax levied on final fuel products. And, whilst it would be 
possible to envisage a revenue redistribution mechanism which allowed the pattern of revenues 
to be chosen independently of the administrative system, such an arrangement raises similar 
enforcement issues to those encountered with the VAT revenue clearing mechanisms discussed 
in Chapter 1.

Part 3. Equity and efficiency issues in environmentai taxation

The distributional effects of environmental taxes are discussed in Chapters 6-8. A theme which 
recurs in each of the chapters is that of linkages between equity and efficiency issues; some of 
these linkages are more complex than in the conventional notion of an "equityiefficiency tradeoff" 
in policy.

Not ail environmental taxes would be expected to raise significant distributional issues; in many 
cases the level of an environmental tax and the significance of the tax base either directly or 
indirectly in household spending wiii be too low to have any major impact on househoid living
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standards. This is not, however, the case with environmental taxes on household energy spending, 
where the tax would be levied on a good with the demand characteristics of a necessity, forming 
a large part of household spending, at rates which could, potentially, be very high indeed. Such 
taxes could in principle have a significant regressive impact in relation to the distribution of 
household income or total expenditure.

In the UK, for example, the domestic energy expenditure of the poorest decile of households is 
about 60 per cent of that of the richest, whilst the total expenditures of the richest are about ten 
times those of the poorest. Given this pattern of energy expenditures, the impact of a tax on 
domestic energy would be expected to be sharply regressive. The essay presents estimates for 
the UK, drawing on data from the UK Family Expenditure Survey, and behavioural simulations 
using the IFS Simulation Program for Indirect Taxes. Estimates of the distributional incidence are 
presented, both on a "current income" basis, and using expenditure as a proxy for life-cycle incomes. 
In contrast to the results of Poterba for the US little difference is found between the two bases; 
using the life-cycle basis does not greatly reduce the estimated degree of regressivity.

Evidence on household budgets from other European Community countries shows that although 
household energy spending has the character of a necessity in all member states, levels of spending 
per household vary across the Community; energy spending is, unsurprisingly, higher in the colder 
countries of northern Europe than in the Mediterranean areas of the Community. In some member 
states, a carbon tax (as opposed to a tax on household energy alone) would not be particularly 
regressive; the additional tax on motor fuels purchases by households would be progressively 
distributed, and sufficiently large to offset the regressivity of the domestic energy component. 
(There is also, in principle, the indirect distributional effect of a carbon tax on industrial energy 
inputs to take into account, acting through its effects on the final goods prices; however, since 
most carbon taxes implemented to date have largely exempted industrial energy in one way or 
another this effect may be quite modest). Distributional issues do not, therefore, arise in the same 
way throughout the EC area, which would suggest that the appropriate response to the distributional 
effects of energy taxation may be better left to the member states.

In the UK and some other countries a carbon tax, like higher taxes on domestic energy alone, 
would be liable to have a regressive distributional incidence. The question addressed in the second 
half of Chapter 6 is whether this regressivity matters. Given that the absolute expenditures on 
energy of richer households exceed those of poorer households (even though they are less as a 
proportion of incomes), it is possible in principle to compensate poorer households adequately for 
the additional tax they pay on energy by a lump-sum return of tax revenues, for example through 
an increase in income tax allowances and pension and social security benefits. The overall 
distributional impact of the introduction of a tax on carbon or on domestic energy, taking account 
of the use of the revenues, would then no longer be regressive. On the other hand, there may be 
conflicting pressures on the use of revenues; for example, it would be possible to use the revenues 
to reduce the overall welfare costs of financing public expenditures, by reducing the level of 
distortionary taxes in the economy. However, in general, this will require reductions in tax rates, 
and, as the estimates in Chapter 6 show, this will confer little benefit on poorer households.
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Indeed, the requirements for effective compensation for the additional burden of the carbon tax 
may go beyond lump-sum compensation. There may be substantial variation around the average 
in the adequacy of iump-sum compensation, reflecting the large range of energy spending of the 
households within each income group. These differences in energy spending may refiect not only 
differences in preferences, but also household characteristics affecting the need for energy 
spending. The eideriy, for example, may have a need for more spending on heating, both because 
they are at home more of the day than the working population, and because of their greater 
vulnerability to the cold. Also, residential accommodation may differ in insulation and thermal 
efficiency; older houses may require greater energy inputs than new houses to reach the same 
internal temperature.

Whilst differences between households in energy needs exist, and where needs are regarded as 
a relevant factor in assessing appropriate levels of redistribution, compensation for the average 
increases in taxes paid by iow-income groups may be inadequate. The essay assesses the extent 
to which, in practice, there is variation around the average in the adequacy of lump-sum 
compensation.

Chapter 7 discusses the equity and efficiency aspects of househoid water charges. Given that 
households face a single supplier of piped water, and have little or no opportunity to decline to 
purchase water from that supplier, househoid water charges have characteristics very similar to 
those of taxation. In the UK, indeed, water charges have been ievied on a property-vaiue base, 
"rateable value", which until 1990 was shared with the local government tax, domestic rates. Sinpe 
the abolition of domestic rates, water companies have been looking for alternatives to rateable 
vaiue as the basis for charging water supplies to new properties (for which official rateable values 
do not exist), and the use of rateable values for water charging beyond the end of the century has 
been prohibited by law. One possibility would be to move to volumetric charging, where household 
bills would be based on metered consumption of water; however, alternative quasi-tax charging 
bases could also be used, such as charges based on the number of household members, or a 
flat-rate charge per household.

The equity implications of an extension of volumetric charging have been a prominent feature of 
public debate on water charges. Chapter 7 presents estimates, based on data from a water 
consumption survey and the UK Family Expenditure Survey, that compare the distributional 
incidence of water charges ievied on a number of possible bases, including volumetric charging. 
It is shown that across income groups there is surprisingly little difference in the pattern of househoid 
payments between any of the possible alternatives to water rates. However, although in this sense 
volumetric charging would not be significantly more regressive than water rates, there are potentially 
issues concerning the effect on households of different sizes, within any given income group. 
Similar issues then arise concerning distributional incidence in relation to need as were encountered 
in the previous chapter.
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Equity and efficiency issues are found in Chapter 7 to be linked where policies of selective water 
metering are considered. Installation of water meters involves a deadweight cost which in many 
cases exceed the efficiency gains (in terms of more efficient water use) which would result from 
volumetric charging. Ideally, the deadweight cost of metering should only be incurred where it will 
lead to significant reductions in water consumption. Chapter 7 argues that, unless the alternative 
non-metered charge proxies (unmetered) water consumption, it may induce an inefficient pattern 
of metering take-up, with households choosing for or against metering largely on the basis of the 
difference between the metered and unmetered tariffs, at existing consumption. If the option of 
volumetric charging is to be available to households, this will tend to constrain the choice of 
non-metered tariff to those that are reasonable proxies for water consumption, whatever the equity 
implications of these charges.

Chapter 8 considers household investments in energy efficiency. Most Community countries have, 
since the oil crises of the 1970s, employed policy measures to encourage greater household 
investments in domestic energy efficiency. Initially, the objective of these measures has been set 
out in terms of the balance of payments, but more recently energy efficiency policies have been 
seen as a complement to - or substitute for - incentive measures to reduce energy use and carbon 
dioxide emissions.

The economic rationale for policies to promote energy efficiency must be seen primarily in terms 
of market failure. To rely solely on pollution taxes on domestic energy will not be an efficient way 
of reducing domestic energy use if there are significant market failures (arising from poor 
information, credit market failures, or other sources) in the energy market which prevent 
economically efficient projects for investment in energy efficiency from being carried out. In addition, 
as Chapter 6 has argued, differences in the energy efficiency of dwellings may be a source of 
differences in household needs for energy spending - and that whilst these persist, differences 
between households in the level of energy spending cannot necessarily be considered as a matter 
of public policy indifference. Chapter 8 looks for evidence that would indicate the existence of 
significant market failures in domestic energy efficiency investments.

The chapter sets out the various possible forms of market failure that might arise. Whilst these 
have been discussed before in the literature on energy efficiency policies, this discussion has not 
been informed by any empirical evidence on their quantitative significance in the UK. This chapter 
uses data from the 1986 English House Condition Survey to model the pattern of possession of 
three energy efficiency measures - loft insulation, double glazing, and cavity wall insulation. The 
results indicate significant tenure-related market failures, but little clear evidence of income-related 
market failures, such as those that might reflect credit market failure. This suggests that public 
intervention in this market may need to focus on tenure-related problems, and that means-testing 
of public measures, which has in practice been common, may not be warranted.
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1. Co-ordination of indirect Taxes

1 Introduction

Few parts of the programme of measures set out in the Commission’s 1985 White Paper to complete 
the Single Market by the end of 1992 have proved as contentious or as difficult to resolve as those 
concerning indirect taxation - the proposed administrative changes for VAT and excises, and the 
harmonisation (or "approximation" in the White Paper’s words) of tax rates. Although a package 
of measures was eventually agreed and implemented by the member states, it is very different 
from the measures originally proposed in the White Paper, and has been seen by many as merely 
a temporary and transitional compromise, sufficient to permit frontier controls to be abolished on 
schedule, but inadequate as a permanent solution to the problem of indirect tax coordination within 
the EC. Almost immediately after the introduction of the new arrangements, debate reopened on 
the possible introduction of more fundamental changes to the system of cross-frontier VAT from 
1997, and on the need for more extensive coordination of member states’ indirect tax rates.

This paper reviews the theoretical basis for the European Community’s involvement in indirect 
taxation, and the theoretical and practical arguments relating to the various policy options for the 
coordination of member states’ tax systems, structures and rates. Many of the arguments are close 
echoes of those which were reviewed thoroughly when the Tinbergen Committee and the Neumark 
Report first considered the form that indirect taxation should take in the Community, and of those 
raised in public discussion of the Commission’s 1987 proposals (see, for example, Lee, Pearson 
and Smith, 1988). But there are also substantial new elements in the debate. One is the new 
emphasis within the Community on the principle of subsidiarity, as a guide to the nature and limits 
of the Community’s role in policy; another is the British government’s espousal of tax competition 
as a substitute for ex ante harmonisation. In addition to these new aspects of the political debate, 
important new developments have been made in the theory of tax co-ordination, too, such as the 
literature on tax competition with cross-border shopping which has developed following Mintz and 
Tulkens (1986), and the literature on Pareto-improving tax harmonisation, following Keen (1987). 
This paper aims to reassess the need for Community coordination of indirect taxation, in the light 
of these new developments in policy and theory.

Following this introduction, the paper is in four main parts. The first (Section 2) sets out a general 
framework for identifying appropriate limits to the extent of Community policy in the field of indirect 
taxation. This develops an interpretation of the principle of "subsidiarity" in terms of the economic 
theory of fiscal federalism. The principle of subsidiarity has begun to play a prominent role in political 
debate over the powers of the Community; what, if anything, does it imply in the context of tax 
policy coordination within the EC?

Sections 3 and 4 review the main issues of theory which are relevant to the harmonisation or 
coordination of indirect taxes in the European Community, and consider their application to the 
policy choices which the Community now faces.
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Section 3 considers the choice between "origin" and "destination" bases for indirect taxation in the 
Community; put plainiy, should goods be taxed where they are produced or where they are 
consumed? What are the implications of choosing one or other approach for economic efficiency, 
for the scope which member states can be permitted to choose their own rates of VAT, and for 
administrative effectiveness?

Section 4 considers whether the Community needs to become involved in the matter of indirect 
tax rates. Conventional policy rules for the structure of indirect taxation are likely to recommend 
different tax structures in different member states - reflecting differences in income levels and the 
pattern of individual preferences. There may however be reasons for some amount of Community 
action. One group of theoretical issues concern the efficient structure of indirect taxes in the 
Community; here there are both positive and negative reasons why the Community might wish to 
influence member states’ tax structures. One positive reason that has been suggested is that there 
may be circumstances under which a move towards a harmonised tax structure for member states 
could be strictly welfare improving. Negative reasons for intervention include the possibility that 
member states could use the tax system as an indirect means to improve the terms of trade, or to 
protect particular sectors. Another group of theoretical issues concerns the impact of unrestricted 
movement of goods between member states on the phenomenon of cross-border shopping. This 
may lead to tax competition between member states; under what circumstances is unregulated 
tax competition between member states likely to lead to outcomes that are clearly inferior to those 
that could be attained through Community coordination or regulation?

Some brief conclusions are then drawn from the analysis regarding the appropriate scope of the 
Community’s future role in indirect tax policy.

2 Subsidiarity and Tax Policy in the EC

What implications is the application of the principle of subsidiarity likely to have for tax policy in 
the EC? Does it provide any useful guidance as to the extent of the Community’s interventions in 
the tax systems of member states - or indeed to the legitimacy of any Community intervention in 
this area at all? This section discusses the general conditions which might be implied by the 
application of the principle of subsidiarity to the issue of the "assignment" of responsibility for tax 
policy between the Community and its member states.

A useful starting point is the definition of subsidiarity incorporated in the Treaty on European Union 
agreed at Maastricht:

"In areas which do not fall within Its exclusive competence, the Community shall take action, In 
accordance with the principle of subsidiarity, only If and Insofar as the objectives of the proposed 
action cannot be sufficiently achieved by the member states and can therefore, by reason of the 
scale or effects of the proposed action, be better achieved by the Community" (Article 3b of the 
Treaty on European Union).
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The principle of subsidiarity thus embodies a presumption in favour of decentralisation: transfer of 
government functions to the European level should only take place where there are good reasons 
for such an assignment. The T reaty definition also echoes the two possible "good reasons" identified 
in the 1977 report of the MacDougall Committee for the assignment of particular policy areas to 
the Community - the existence of economies of scale, and the existence of cross-country spillover 
effects from national policy. These are important ingredients of the economic theory of "fiscal 
federalism", which analyses the appropriate assignment of responsibility for areas of public policy 
between levels of government in a system of multiple tiers of government. We discuss each of 
these aspects in turn, before considering how the role played by the Community may in some 
respects differ from that of other levels of government.

2.1 The case for decentralisation

The main argument for decentralisation in government is that it may help to ensure that the decisions 
taken by government adequately reflect local preferences and interests^

In the area of indirect taxation, the optimal structure of tax rates may tend to reflect the pattern of 
individual preferences for different goods and services; if different goods are necessities and 
luxuries in different member states, the optimal structure of indirect taxes may differ.

Also, member states of the Community will be likely to have different requirements for budget 
revenues from indirect taxation, both because public spending choices differ, and because 
differences in income levels Imply different rates of taxation in different member states even if all 
member states chose the same bundle of public services. This is a key difference between tax 
policy assignment and the assignment of responsibility for other areas of government policy. The 
assignment of taxes between levels of government has implications for government 
decision-making in other areas of policy, since it affects the terms on which financial resources 
are available. Although fiscal imbalances between the revenue resources and spending needs of 
different levels of government can be handled by financial transfers between levels of government, 
this Is rarely without a cost to the recipient tier of government in terms of reduced decision-making 
autonomy.

2.2 Economies of scale

Economies of scale may be an important consideration in determining the appropriate location of 
responsibility for tax administration and enforcement, if not for tax policy-making.

1 This rather vague statement conceals the considerable practical difficulties in obtaining general decentralisation 
theorems for public decisions. Except in cases where public decisions can be taken unanimously, public choices will 
involve compromise; not everyone can have the outcome they wish. Changes in the structure of govemment will thus 
typically result in gainers and losers, and this will usually be true of decentralisation. Only where decentralisation 
manages to separate the population into homogeneous sub-groups is it possible to prove that decentralisation leads to 
a Pareto-optimal outcome; in all other cases, the case for decentralisation must contend with the fact that the greater 
diversity in government decisions which will result from decentralisation may not be to everyone’s liking (see Hughes 
and Smith, 1991, for further discussion).
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The extent of economies of scale in tax administration is likely to vary between taxes and between 
the various aspects of tax administration and enforcement, depending on the type of operations 
involved. Administrative economies of scale arise from the interaction of two opposing influences. 
On the one hand, centralisation allows more specialisation, and hence, gains from the division of 
labour. On the other hand the problems of communication and control will generally increase more 
than proportionately with the size of the organisational unit. (Arrow, 1974). Generally speaking, 
the larger the information content of policy implementation - for example, about local needs and 
circumstances - the greater will be the case for decentralisation, often to levels below those of 
national governments (Helm and Smith, 1987). Although evidence from the US suggests that tax 
administration is an activity characterised by some economies of scale (Netzer, 1974), it is unlikely 
that this can be directly transferred to the EC situation, where both language differences and 
differences in legal systems and corporate structures are likely to reduce quite sharply the potential 
for administrative savings from EC-wide tax administration.

Considerations of economies of scale would seem to indicate that tax administration should remain 
at the national level; the gain in going further to the EC level is likely to be small, whilst many of 
the costs of greater scale arise at this point. Whereas in moving from local to national level the 
scale of operation may increase by a factor of hundreds or thousands, in moving from national to 
Community level the scale of operation only increases, on average, by a factor of twelve. It is 
unlikely that the unit cost savings of an increase in scale of this order will be sufficient to warrant 
the costs of diversity in languages and legal systems that EC-wide administration would have to 
confront.

This is not to deny that there may be some considerable potential for beneficial administrative 
cooperation between the tax authorities of EC member states. Much tax evasion is able to take 
place precisely because the information and powers of national tax authorities decline sharply 
beyond national frontiers; information exchanges and other forms of administrative coordination 
may be an important source of gains from EC tax policy (for example, in the taxation of investment 
incomes), and the coordination of VAT administration on transactions which cross the Community’s 
internal frontiers is one of the main issues in EC VAT policy.

2.3 "Spillovers"

Externalities or policy spillovers provide the main economic efficiency argument for higher-tier 
assignment (Oates, 1972). Where the actions of each national government have consequences 
which are felt outside its territory, it is unlikely that policy decisions taken by national governments 
will fully reflect all the costs and benefits of particular policy choices; in particular the interests of 
non-residents are unlikely to be given adequate weighting. Olson (1969) argues that assignment 
of policy responsibilities between levels of government should reflect a principle of "fiscal 
equivalence"; the government unit responsible for a particular government function should cover 
a sufficiently large area to include within its boundaries all those likely to be significantly affected 
by its policy decisions.

Inter-country spillovers in taxation may take a number of forms.
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(i) the structure and rates of tax of a member state may have effects on private sector decisions 
which extend beyond its national boundaries. In some cases the spillover effects on other member 
states may be clearly beneficial or damaging, as for exampie, when a particuiariy generous scheme 
of investment incentives attracts new investment away from other member states. In other cases 
the balance of costs and benefits associated with the spiliovers may be less clear-cut. As an 
analogue of the concept of fiscal neutrality which has proved useful as a yardstick for evaiuating 
the tax policies of nationai governments we may define a concept of "cross-country fiscai neutraiity" 
- where the differences between member states’ tax systems do not induce an ailocation of 
economic activity and resources between member states that differs from that which would be 
encountered in the absence of tax differences. As with other notions of neutrality, it is clear that 
cross-country neutrality shouid be regarded as a yardstick or tool for policy analysis and not as an 
objective in itself. Whether it is desirable that the tax system should have a neutral impact on any 
particular set of transactions may be affected by the existence of distortions eisewhere in the 
economic system; "first best" solutions may be inappropriate in a "second best" world.

(ii) inter-country spillovers may also be encountered in revenue allocation. To the extent that private 
sector decisions are affected by differences in tax rates, the distribution of the tax base between 
member states may change, ieading to a redistribution of revenues between states. For example, 
smaller states may be able to benefit substantially from the inflow of economic activity if they reduce 
their tax rates, and these gains may more than offset the revenue iosses from iower taxation on 
their domestic residents.

In addition, where the tax systems of member states give credit for taxes already paid elsewhere, 
the tax rates levied by one member state would be liable to affect the net tax receipts of other 
member states. Such inter-country spiliovers in revenue aliocation can arise in various systems 
of corporation tax and VAT ; depending on the interface between the tax systems of different member 
states, a rise in corporation tax or VAT rates in one state can increase the amount of credit that 
another has to give.

(iii) these cross-country linkages in tax revenue may also mean that there are inter-country spiilovers 
from the faxen/orcemenf activities of individuai member states. Better enforcement by one member 
state may give rise to externalities benefiting others, as a result of more effective enforcement of 
ciaims to be credited for taxes paid elsewhere, preventing iow-tax states becoming "tax havens" 
for those seeking to evade taxes in their own country, and by preventing taxabie economic activity 
evading tax aitogether.

The scale of cross-country externalities arising from the effects of taxation on private sector 
decisions are iikely to be a function of, the one hand, the extent to which member states’ tax 
systems differ, and, on the other, the extent of integration of different markets (for iabour, goods 
and services, capital, etc.) within the Community economy.

There are marked differences between member states, both in absoiute per capita tax revenues, 
and in tax revenues as a percentage of GDP. These differences refiect different underlying poiicies 
towards the ievel of government spending (and, in the short term at ieast, different attitudes towards
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State borrowing). For as long as national governments have different priorities in public spending, 
or economies differ in levels of income and other aspects of the tax base, differences in taxation 
will be inevitable. Thus, whilst a completely uniform tax system would eliminate the potential for 
tax-induced distortion of industrial competitiveness and location decisions within the Community 
market, this conclusion is of little interest. For the forseeable future, the question is not how to 
avoid all sources of tax-induced distortion within the Community, but simply to reduce the most 
serious distortionary effects whilst causing the least disturbance to member states' revenue raising 
powers.

The degree of market integration is a key factor determining the location of significant cross-country 
effects from taxation. Where large numbers of economic agents are making decisions across a 
range of alternatives located in different member states, the potential arises for taxation to influence 
the pattern of outcomes across countries. The process of European integration in different markets 
has been very uneven, and even after 1992 will remain so. Thus, the market for goods is already 
highly integrated within the Community, and, after 1992, the remaining institutional barriers to 
goods market integration should, it is intended, have been eliminated. Major steps will also be 
taken towards full integration of the capital market. However, even with the removal of a significant 
number of institutional barriers to labour mobility, it is likely that the labour markets of member 
states will remain only weakly integrated, segmented by language barriers and cultural differences 
that may take many years to erode. This differential integration determines where the cross-country 
effects of taxation are likely to be of significance, and where, over time, new cross-country issues 
are likely to arise.

2.4 Assignment versus Coordination

However, assigning responsibility for taxation to the Community is not the only possible response 
to policy spillovers, and may not be the appropriate choice in many cases. Often it may be possible 
for the interests of other countries in the policy decisions taken by national governments to be 
reflected in an agreement between the countries concerned, specifying the way in which policy 
will operate.

Indeed, the EC plays a mixed role - part government, part forum for international negotiation. It 
therefore provides scope for a range of possible degrees of constraint on national policy-making, 
ranging from ad hoc negotiation over the key distortionary aspects of member states’ tax systems, 
to the comprehensive takeover of member states’ responsibilities for a particular area of taxation. 
The current emphasis on subsidiarity and decentralisation implies that the former route is to be 
preferred wherever possible. When, however, is minimal coordination, of this form, likely to suffice?

Gatsios and Seabright (1989) discuss the circumstances in which agreements on policy 
coordination or harmonisation will be adequate to deal with the problem of cross-country policy 
spillovers. They argue that the main gains from actually handing over responsibility for an area of 
policy with large cross-country policy externalities to the Community arise in the form of greater 
credibility of central operation. Where it is difficult to monitor compliance with international 
agreements (for example, where their implementation requires a large amount of judgement, based
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on more information than other parties to the agreement are likely to possess), signatories to an 
internationai agreement to impiement national policy taking internationai externaiities into account 
may not have confidence that the other signatories wiii compiy. Where this is the case, compiiance 
is likeiy to become an increasingiy unattractive strategy, for the usuai "prisoners' dilemma" type 
reasons.

The key issues in deciding the functions that need to be assigned to Community level are thus 
those of information and monitoring. Those functions which the Community itseif needs to exercise 
are those where there are substantial cross-country policy externalities, and where compiiance 
with agreements between nationai governments cannot easiiy be monitored by nationai 
governments. Amongst the various categories of cross-country spiiiover set out above, it may be 
comparativeiy straightforward to negotiate credibie agreements to iimit the extent of the spillover 
in the case of some, such as the impact of tax rates on private sector activity, where the compiiance 
of member states’ can be easiiy observed. In other areas, however, the information needed to 
monitor member states’ compiiance with any agreement may be harder to obtain - for exampie, 
where spiiiovers arise from member states’ tax enforcement activities. Even here, however, it may 
be possible to maintain a substantial degree of decentralisation. As an aiternative to the unattractive 
option of transferring tax administration responsibilities to the Community, it may be possible to 
devise measures which would enhance the credibility of agreements about the conduct of member 
states’ tax enforcement activities, for example by the institution of a Community mechanism for 
auditing member states’ tax enforcement practices and procedures.

3 Origin versus Destination Bases for Indirect Taxes in the EC

3.1 Theory

Prior to the introduction of a VAT system in the European Community, there was considerable 
discussion of the basis on which trade flows between member states should be taxed. Much of 
this focussed on the choice between two générai systems of indirect tax treatment - taxation 
according to the origin basis or the destination basis. At first sight it wouid appear that indirect 
taxes ievied on the origin basis (ie in the country where goods are produced) wouid inevitably 
distort the pattern of industriai competition between member states of the Community unless levied 
at the same rate in ali member states, whiist indirect taxes levied on the destination basis (ie in 
the country where the goods are consumed) wouid not distort competition between producers 
iocated in different member states, even if the member states levied different tax rates.

However, in some simple models it is ciear that the two principies are equivalent. Thus, where two 
countries are trading in goods produced using a fixed stock of immobiie factors of production, and 
where either the exchange rate or price ieveis are perfectly flexible, then the relative prices of the 
two goods wiii be unaffected by the choice between the destination and origin principies for indirect 
taxation.
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A completely general tax applied to all production (ie levied on the origin basis) will have the same 
effects on real income levels and the pattern of consumption in each country as a tax levied on all 
consumption (ie on the destination basis), because the exchange rate (or domestic price levels) 
can adjust to offset the higher tax-inclusive prices at which goods are traded between the countries. 
The goods which are traded, and the volume of trade, will be the same in both cases, and the use 
of the origin principle will thus not lead to any competitive disadvantage (Shoup, 1954; Grossman, 
1980). Since the origin and destination principles lead to equivalent outcomes, harmonisation of 
tax rates is no more required where a general sales tax is levied at the rates ruling in the country 
of origin than where it is levied at the rates ruling in the country of destination. Either system is, in 
this situation, compatible with full national discretion over tax rates (Whalley, 1979).

There has been some discussion about which of these features of the simple model are of critical 
importance in leading to the equivalence result. In this model, where factor supplies are assumed 
to be fixed, the choice of tax basis merely affects the relative prices of domestically-produced and 
imported goods, and indirect taxes therefore do not distort, for example, the choice between goods 
and leisure in either country. Similarly, the assumption of factor immobility rules out various 
possibilities for distortion at other margins of decision. In addition, further conditions are Implied 
by the assumptions made - for example, the two-country assumption guarantees initial trade 
balance, whilst the simplicity of the model rules out the existence of capital flows between countries.

Shoup (1954) argues that the conditions required for the equivalence theorem to hold are so strong 
that it would be unwise to rely on it as a justification for applying the origin principle. In addition, 
Cnossen and Shoup (1987) place considerable weight on how the tax system Is perceived by 
market participants; although the origin principle may not disadvantage domestic producers if a 
higher tax rate is applied in their country than in the other country, the origin principle may be 
perceived as less fair than the destination principle.

In practice, systems of indirect taxation with a single national rate applied to all production, or to 
all consumption, are rare. Most indirect tax systems differentiate between different goods and 
services, for a variety of reasons (economic efficiency, distributional reasons, the administrative 
infeasibility of taxing certain services, etc). Where the coverage of the tax base is incomplete, or 
where different tax rates are applied to different categories of goods and services, the equivalence 
between the destination and origin principles no longer applies. The exchange rate adjustment 
can only offset the average origin tax burden, and not the differences between the burden on 
different categories of goods and services.

Shibata (1967) has observed that in practice the choice for an integrating economic area may 
include other options besides the simple choice of destination and origin bases for all transactions. 
He discusses a third possibility, the "restricted origin principle", under which members of the fiscal 
union apply the origin principle to their internal trade, and the destination principle to their trade 
with countries outside the union.
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Cnossen and Shoup suggest that the fiscal union might wish to choose the restricted origin principle 
because it would enable them to avoid border controls between members. This would certainly be 
a valid reason if the tax were a sales tax to be applied to an economy where there was only a 
single stage of production. However, where a VAT of the "credit" type is used, some form of border 
adjustment will be needed to achieve either an origin or a destination outcome; merely the form 
of the border adjustment will differ^.

What would be the implications of choosing the restricted origin principle in place of either the 
general origin principle or destination principle? The discussion has been unclear, partly because 
of differences in the assumptions and terminology used.

One Issue which affects the conclusions reached concerns the tax treatment of imports to the 
customs union from countries outside the union. Shibata (1967) points out that if the customs union 
permits imports from outside the union to be taxed on a destination basis at the point of import, 
and then taxed on subsequent movements within the union according to the origin basis, it will be 
worthwhile (in the absence of transport costs) for importers to source all of the union’s imports 
through the member state with the lowest tax rates. These imports can then be sold throughout 
the union without any subsequent tax adjustment being applied. Evidently if this type of "tax 
deflection" occurs, then the tax rate ruling for imports to the union will be the minimum of the tax 
rates of its members, and the only member state to collect revenues on imports from outside the 
union will be the lowest-tax member state. Moreover, as Georgakopoulos (1989) shows, the tax 
deflection can in itself help to reduce the tax distortions under the restricted origin principle; 
effectively uniform tax rates are levied in the union, since only the lowest rate applies.

On the other hand, members of the fiscal union will generally wish to avoid a situation where 
substantial trade deflection occurs, since this will lead to large differences in the tax revenues 
accruing to union members. Trade deflection could be dealt with by applying rules of ultimate 
destination to imports from outside the union, or by levying a "common external tax" on Imports. 
Neither may be entirely satisfactory solutions, however; the enforcement of rules of ultimate 
destination might be difficult and costly, whilst the common external tax would lead to distortions 
between imports and domestic production, if different tax rates were levied on domestic production 
in each country.

A second source of confusion has been in the choice of terminology to describe the impact of tax 
differences under the restricted origin principle and the two general principles. Whalley (1979) 
argues that under the restricted origin principle "any tax rate, either uniform or non-uniform, will 
usually distort trade in the sense that trade flows between member countries., cannot be the same 
as in the no tax situation". The only exception to this conclusion, he notes, is the case where trade 
is bilaterally balanced (ie member states of the union are in trade balance with each other, and

2 This is quite independent of the issue of the way in which such border adjustments are made; as Cnossen (1983) 
argues it is quite feasible to operate a destination based VAT system in which physical frontier controls play no part at 
all in the operation or enforcement of the tax.
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also in trade balance with the rest of the world). The intuition of his argument for this conclusion 
is simple: under the restricted origin principle exchange rate adjustments have to compensate for 
the geographically-discrimlnatory tax, and can only do this if trade is bilaterally-balanced.

Berglas (1981), however, objects that Whalley’s reference to "distortions" is inappropriate. In the 
cases where the member states of the union levy the same tax rate, the no-tax equilibrium can be 
restored if a set of lump-sum transfers accompanies the introduction of the restricted origin principle. 
Berglas concludes that these are cases where the outcome simply involves redistribution rather 
than distortion. Distortions in the conventional sense still arise under the restricted origin principle 
when member states levy different tax rates.

Georgakopoulos and Hitiris (1992) suggest some further reasons besides the possible 
administrative gains for choosing the restricted origin principle. Basing their argument on an 
interpretation of the restricted origin principle where trade deflection occurs, so that the tax applied 
to imports is the same in all members of the fiscal union, they show that the impact of trade deflection 
under restricted origin principle may compensate for other sources of distortion, in the form of 
excessive initial trade tariffs, or inefficient differential taxation of different goods and services. For 
example, in the case where there is a pre-existing tariff causing inefficiency in the form of unduly 
high domestic production and inefficiently low domestic consumption in the union countries, the 
application of the restricted origin principle with trade deflection will reduce the relative price of 
importables to the exportable commodity, and shift production to the latter - thus offsetting the 
initial distortion.

In conclusion, the balance of the arguments discussed in this section depends both on the various 
general and specific economic efficiency arguments, and - probably to a greater degree - on the 
view taken about the administrative costs - or practicality - of operating different VAT systems.

It Is clear that countries levying general destination-based taxes are not unambiguously at a 
competitive advantage, or exposed to less fiscal distortion, than countries levying general 
origin-based sales taxes. The economic efficiency case for choosing the destination basis is 
therefore less overwhelming than a superficial analysis might suggest - although the equivalence 
between origin and destination-based indirect taxes does break down in a range of likely 
circumstances, which would generally tend to favour the destination basis.

The administrative arguments appear more clear-cut. Most of the theoretical papers assume, in 
effect, single-stage sales taxes in a world without intermediate goods, or a system of genuine 
taxation of value-added; these are cases where it is relatively easy to define how an origin-based 
indirect tax would be applied. It is more difficult to see how an origin-based system of VAT would 
work with the types of invoice-based ("credit" type) VAT operated in practice by the EC and most 
other countries®. A further key administrative issue implicit in the above discussion is whether 
general destination-based systems can be made to work, especially within the EC once internal 
frontiers have been abolished. Proposals to move to the restricted origin principle basically aim to

3 Grossman (1980) makes a similar observation.
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make the best of a situation where the type of fiscal adjustments which the destination system 
requires cannot in practice be made on transactions within the EC. It is however far from clear that 
this corresponds to the real situation. There are administrative ways of overcoming some of the 
economic difficulties, and also further economic issues raised by the choice of different systems 
which in the end count against the restricted origin principle. We discuss these further issues in 
the next section, structuring the discussion around an account of the development of VAT 
procedures within the EC.

3.2 Procedures for intra~EC VAT

Whatever the theoretical arguments for and against destination and origin bases for indirect 
taxation, VAT in the European Community has been operated in a way that is explicitly designed 
to ensure that the incidence of the tax reflects the destination principle; in other words, that goods 
and services subject to VAT bear the VAT of the country where they are purchased by final 
consumers, rather than that of the country (or countries) where they were produced.

Under the arrangements established when the Community VAT system was introduced, this was 
achieved by zero-rating goods exported from one member state to another, and imposing VAT on 
import (in a variety of equivalent ways) on the full value of imported goods (Figure 1 ). Danish bacon 
sold in UK shops thus bore the UK VAT rate of zero, rather than the higher Danish rate, and, as 
far as VAT was concerned, competed on an equal footing with produce from member states with 
lower VAT rates.

The application of VAT zero-rating on intra-EC exports had a number of implications. Similar VAT 
procedures applied to intra-EC transactions and to trade with countries outside the Community. 
Also, VAT revenues accrued to the member state where the goods were sold for final consumption, 
rather than the member state (or member states) where the goods were produced.

Customs procedures played a central role in the operation of VAT on goods traded between member 
states. From the point of view of VAT enforcement, the vulnerable point in the arrangements was 
establishing the export of goods which had been zero-rated, and preventing the diversion of such 
goods, untaxed, back into domestic consumption. Customs procedures and customs 
documentation provided the possibility of enforcing export zero-rating, and although most member 
states did not require routine customs documentation as a prior condition for ciaims for export 
zero-rating, customs documentation provided one of the most effective methods of investigation 
and enforcement.

The precise administrative arrangements for levying VAT on import varied between member states, 
but in many member states the customs authorities were used to identify the import of goods 
subject to VAT, and to levy the appropriate tax. This, however, was a considerably less critical 
operation within the system than supervising export zero-rating. Even if goods which should have 
been subject to VAT on import were not taxed, there would not necessarily be any revenue loss, 
since at any subsequent stage at which VAT was due, the VAT paid on import wouid be deductible
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Figure 1.

Operation of VAT on Intra-EC transactions, before 1992
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► - -
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Selling price £100 
plus 15% VAT = £115

SUPPLIER  
(In Denmark)

Net VAT paid In 
Denmark: nil

DENMARK UK

Net VAT paid In 
UK: £15

PURCHASER 
(In UK)

against "output" VAT liability^. The BENELUX countries, which operated a form of "postponed 
accounting system" for VAT on imports, implicitly relied on this subsequent stage to ensure that 
VAT was levied on imports.

As far as VAT administration and enforcement activities were concerned, the role of each member 
state’s national VAT administration ended at its geographical boundary. Since goods bore no VAT 
at the point at which they crossed from one member state to another, there was no need for national 
VAT administrations to be concerned with the past VAT "history" of the goods in other member 
states, and little need for legislative congruence between the VAT systems of different member 
states. Co-operation between national VAT administrations was largely unnecessary, and 
consequently the experience of such co-operation was rare and limited in scope.

In the years following the introduction of VAT in the Community, the Commission expended 
enormous energy on a series of initiatives to harmonise the VAT systems and rates of member 
states. A series of Directives was proposed which aimed to harmonise the base of the VAT in 
member states; of these, by far the most significant was the Sixth Directive, which governs much 
of the basic structure of member states’ VAT systems. The motivation for such harmonisation

4 This Is a reflection of the so-called "self-enforcing" character of VAT, by which It Is meant that If an Intermediate good 
Is not taxed, this will merely result In a reduction In the "Input" VAT which can be deducted at the next taxable 
transaction; business purchasers therefore have little Interest In purchasing from suppliers who fall to charge VAT.
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efforts has been mixed. One important consideration appears to have been the ultimate intention 
to turn VAT into a tax to be used to finance the EC’s own budget, levied on a harmonised basis 
across ail member states. In practice, however, the VAT contributions made by member states 
have always been related to a hypothetical, and fully-harmonised, base, and in recent years the 
role of VAT in financing the EC’s activities has been reduced in favour of greater GNP-based 
contributions from member states. Judged purely in terms of the efficiency of operation of member 
states’ VAT under the system of export zero-rating, most of the progress towards harmonisation 
of the VAT base and other aspects of VAT legislation in member states has been largely 
unnecessary.

The 1987 proposals for VAT administration

The proposals of the European Commission, made in the 1985 Commission White Paper 
"Completing the Internal Market", to abolish internal frontiers within the Community, created a 
requirement for new VAT procedures to replace the role that had been performed by frontier controls 
in the operation of VAT zero-rating. The Commission took the view that without frontier controls 
to establish the validity of claims to zero-rate goods for intra-Community export, the existing VAT 
treatment of cross-frontier trade within the Community wouid be unworkable.

In proposals published in 1987 ,̂ the Commission proposed that zero-rating for trade between 
member state shouid be abolished, and instead the chain of VAT payment-and-refund, which 
applied to transactions within each member state, should be extended to cover cross-frontier 
transactions. Goods wouid then be traded between member states bearing the exporting country’s 
VAT, and the importing company would then be able to offset this VAT against its output VAT 
liability. The VAT paid on imports wouid thus be refunded to the importing company at the next 
taxabie transaction, in just the same way as with goods bought from domestic suppliers; the credit 
wouid be given at the full amount of the VAT that had been paid, so the importing company would 
again be indifferent regarding the member state from which it bought its supplies (Figure 2). The 
"neutrality" of the EC VAT system (in the sense of the conformity of the final incidence of VAT with 
the destination principle) would have thus remained unchanged.

The new arrangements were designed to meet two requirements. Firstly, and cruciaiiy, they wouid 
have established a VAT system for intra-EC trade which allowed the elimination of fiscai checks 
at internal frontiers, and would therefore have eliminated one of the principal obstacles to the 
abolition of internal border formalities. The elimination of these formalities was seen as a key aspect 
of the White Paper’s programme of measures to complete the Internal Market of the Community 
by the end of 1992; quite apart from the psychological impact of the abolition of internal frontier 
formalities, it was believed that they significantly increased the costs of intra-EC trade, and could 
be used, deliberately, by member states to protect domestic producers against imports.

5 Commission (1987a); see Lee, Pearson and Smith (1988) for a discussion.
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Figure 2. 

White Paper proposals for VAT on intra-EC transactions.
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Secondly, the proposed system would have treated trade between member states in a way which 
followed as closely as possible the VAT treatment of transactions within each individual member 
state, particularly with regard to the procedures which traders were required to follow, and the 
burden of documentation which they would have to provide. Besides removing the need for frontier 
controls at internal Community frontiers, the proposed system would thus have contributed in a 
second way to the objectives of the completion of the internal market of the EC, by equalising as 
far as possible the VAT compliance burden on business in transactions between member states, 
and internally within each member state. The costs of "tax bureaucracy" would be broadly the 
same on both types of transaction, and would thus provide no disincentive to the development of 
intra-EC trade.

From the point of view of traders, therefore, the new system was intended to involve no greater 
compliance cost than on domestic transactions subject to VAT, and thus would in general be 
expected to reduce compliance costs below what they would be with export zero-rating. In practice, 
there was considerable scepticism from business groups about the extent to which the new 
procedures would achieve this objective, and the compliance costs involved in certain aspects of 
the proposals were the subject of extensive discussion.
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From the point of view of the revenue authorities of member states, however, it is clear that the 
proposals to extent the chain of VAT invoices across national boundaries would have involved 
major changes in operation. The focus of enforcement activity on ensuring the validity of claims 
for VAT zero-rating for export would obviously come to an end. The convenient administrative 
separation which the zero-rating system permitted between the concerns and responsibilities of 
national VAT administrations would cease. Each national tax administration would have had to 
handle claims for input VAT credit from purchases arising in all of the other member states. Since 
an important part of VAT enforcement within the chain of invoices is ensuring the validity of invoices, 
arrangements would have to be established to ensure cooperation between member states’ tax 
authorities in the cross-country validation of VAT input claims.

These potential problems of administrative coordination were partly simply a problem of transition 
- insufficient time was available to establish the necessary degree of administrative coordination 
between member states. But there were also longer-term concerns, which centred on a further 
feature of the system proposed by the Commission in its 1987 scheme, the proposal for a Clearing 
House for the re-allocation of VAT revenues between member states. The particular problems this 
would have created for the long-run effectiveness of VAT administration and enforcement are 
discussed in the next section.

As a result of these various administrative obstacles, the member states of the Community proved 
unable to agree on the Commission’s proposals for reform of cross-frontier VAT, and, with the 
deadline of 31 December 1992 rapidly approaching, decided instead on a limited programme of 
modifications to the existing VAT zero-rating system, designed to ensure that it could continue 
even after the abolition of frontier controls (Aujean and Vis, 1992). The essence of this new scheme 
was that the various control possibilities previously available at frontiers should be replaced by 
controls in the form of audit and administrative supervision of the traders at each end of a 
cross-frontier transaction. In addition, any VAT previously paid on import from another Community 
member state should now be levied on the importing company; the timing of import VAT payments 
would change, but their amounts, and the net impact of VAT on any transaction, would remain the 
same.

From a theoretical point of view, the system achieves the same neutrality objectives as the existing 
VAT treatment; it also involves no redistribution of revenues between countries compared to the 
existing VAT scheme. The main difficulties with operating cross-country VAT in this way concern 
enforcement. Firstly, is the loss of the scope for control at the border liable to lead to increased 
VAT evasion, in the form of zero-rated goods being diverted to the shadow economy in member 
states? Secondly, to the extent that it is possible to devise effective administrative and audit 
procedures for cross-frontier transactions to prevent greater VAT evasion, how far will these 
procedures increase the compliance costs for cross-frontier trade, relative to the costs of 
transactions internal to a single member state? After all, the objective of the whole exercise had 
been to reduce the deadweight costs of cross-frontier transactions, and if the outcome of the 
process has been simply to shift the location of these costs inland, the abolition of fiscal formalities 
at frontiers would have made no contribution to stimulating the development of a more integrated 
internal market in the Community.
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It is certainly possible to devise watertight administrative procedures which will keep the risk of the 
diversion of zero-rated goods to the untaxed sector to a minimum. Proposals made by the French 
government during the course of 1989 would have required exports from one Community country 
to another to be accompanied by multiple copies of a special administrative document. Entitlement 
to zero-rate intra-EC exports would have been established by the eventual return of one of these 
copies, certified by the importer's tax office, to the exporter’s tax office. This system would clearly 
have kept the risk of greater VAT evasion to a minimum, but at substantial compliance cost; in 
particular, the cost of "tax bureaucracy" would have been much higher on intra-EC transactions 
than on purely domestic transactions.

3.3 Revenue allocation

When goods traded between Community member states are zero-rated for VAT purposes, the 
level of net VAT receipts in each member state is determined by its tax rates and the pattern of 
consumption of its residents. VAT-inclusive invoicing for intra-Community trade, as proposed by 
the Commission in 1987, would have changed the pattern of net tax revenues, because member 
states would be required to give credit for the VAT on imported goods. In the transaction shown 
in Figures 1 and 2, the zero-rating system allocates all of the tax revenue to the importing country, 
whilst VAT-inclusive invoicing for intra-Community trade leaves the exporting country with the VAT 
collected on its exports, and reduces the net VAT receipts of the importing country by this amount. 
Compared with the zero-rating system, the reform proposed by the Commission in 1987 would 
have resulted in an increase in overall VAT revenues in member states with above-average VAT 
rates, or with a surplus in trade with other EC members, and corresponding reductions in VAT 
revenue elsewhere.

In some cases, the revenue changes would have been substantial; Commission estimates made 
at the time indicated that the proposed change in the VAT treatment of intra-EC trade would have 
reduced revenues in Greece by more than one per cent of GDP, and would have also involved 
large revenue losses in Denmark, Portugal, France, the UK and Ireland. Germany would have 
been a substantial revenue gainer®. In response to the political difficulties that a revenue 
redistribution of this magnitude would have created, the Commission devised a "Clearing House" 
scheme, designed to restore the pattern of VAT revenues to what they would have been if the VAT 
zero-rating system had continued in operation.

The effect of the Clearing House scheme was that member states would be refunded the total VAT 
credit given on imported goods, but would, in return, forfeit their VAT receipts from exported goods. 
The scheme would operate through a central Community account, rather than bilaterally between 
member states. The information needed to operate the system would have been obtained by 
requiring traders to report the totals of VAT claimed on their imports from other member states.

6 Commission (1987b), Annex A.
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and VAT paid on their exports to other member states, and each member state would then determine 
its own net VAT position, by adding up the import and export VAT amounts on its traders' 
intra-Community trade.

As each claim for VAT repayment in one country should have been matched by a VAT payment 
in another, the Clearing House should have been able to breakeven. Indeed, since some exports 
would have been to unregistered and VAT-exempt traders and private individuals, who would be 
unable to reclaim the VAT paid, the Clearing House ought to operate at a small surplus. However, 
as Lee, Pearson and Smith (1988) observed, there were reasons to doubt that this would be 
achieved, because of an important enforcement asymmetry in the system. Under the Clearing 
House system, member states would have been reimbursed the cost of input VAT claims relating 
to imported goods, and may thus have perceived little incentive to spend resources on controlling 
dubious and fraudulent claims for input VAT. The Clearing House serves to make the enforcement 
of input VAT claims into a Community "public good", and, as with all public goods, there is a 
presumption that too little of it will be provided.

A number of possible responses might be made to the enforcement problems within the Clearing 
House system. A limit to the enforcement slackness - or outright misreporting - of member states 
would have been provided by the availability of external information on the pattern of trade flows 
between member states. Indeed, it wouid have been possible to base the revenue adjustments 
on these statistics, rather than on information provided by individual traders to the VAT authorities 
of member states. However, once frontier formalities were abolished, information on trade flows 
would have to be obtained from surveys of traders, and information obtained from trade statistics 
would then have been less independent of traders' VAT declarations than it might at first sight 
have appeared. A second possible response would have been to simply to accept the revenue 
redistribution arising from the new VAT system, or to agree in advance a pattern of compensation 
that was not to depend on the actual trade flows observed in practice. The amount of revenue 
redistribution that would have arisen if the new system had been applied to existing trade flows 
could have been calculated without the same risk of systematic misreporting, might have formed 
the basis for agreement on lump-sum revenue compensation flows. A third line of response would 
have been to develop effective Community-level systems for the supervision and monitoring of 
member states’ VAT enforcement, recognising the principal-agent problem that arises when the 
Community-wide benefits of tax enforcement are provided by decentralised tax administrations at 
the level of individual member states.

3.4 Future policy options

Severe enforcement problems were envisaged from the Commission's 1987 proposals, both in 
establishing the necessary degree of administrative coordination between member states' tax 
authorities before the deadline of the end of 1992, and in preventing gradual erosion of the 
enforcement "integrity" of the Community VAT system. However, the decision which has been 
taken to retain the existing cross-frontier VAT system based on export zero-rating, with 
administrative mechanisms replacing borderformalities, has been presented as merely atemporary
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solution, pending agreement on a more durable reform. By 1997 the Intention is that the Community 
should move to a new VAT system for intra-EC transactions, based on an "origin" system (Aujean 
and Vis, 1992). However, there has been some confusion about the precise meaning of this 
commitment.

It is ciear that the UK interprets this as merely a proposal to move to the system of administration 
proposed in the White Paper - in which the effective incidence of the VAT system wouid remain 
on a destination basis, but in which the tax adjustments necessary to achieve this would be made 
by extending the VAT chain across frontiers. But there have been suggestions that a more 
fundamental commitment has been made to eventual adoption of the restricted origin principle - 
which, in a VAT system, is by no means the same thing as abolishing zero-rating on fiows of goods 
across the Community’s internal frontiers.

Moving to genuine implementation of the restricted origin principie would almost certainly need to 
be accompanied by a move to an accounts-type VAT system. Whilst it would, in principle, be 
possible to define the ievel of input VAT credit in the importing country which would achieve an 
origin-basis effect this would require a compiex computation of the VAT that would have been 
charged on the tax-inclusive price of the imported inputs if the importing country’s VAT rates had 
applied (Censer and Haufler, 1996). The restricted origin principle would increase neutrality 
between cross-border shopping and trade transactions within the EC - but if it requires an 
accounts-based VAT has much wider implications. Enforcement of an accounts-type VAT depends 
on the same source of information as the enforcement of profits taxes, and one source of 
independent information is lost to the tax system. To the extent that the existing VAT is seen as 
having a "seif-enforcing" character, this wouid be reduced if an accounts-based VAT were 
introduced.

4 Community Rules and Member States’ VAT Rates

The Commission’s 1987 proposals had included substantial limitations on the rates of indirect tax 
that member states could levy. Under the proposals, member states would have been restricted 
to a two-rate system of VAT, with a standard VAT rate in the range 14-20 percent, and a reduced 
rate of 4-9 per cent, to be applied to a list of "basic" goods and services (food, domestic energy, 
pubiic transport, books and newspapers). Uniform excise duties were to be applied throughout the 
Community, at rates which generaily represented the average of the rates appiied in member 
states^. The proposals for VAT bands were principally aimed at restricting the amount of 
cross-border shopping by individuals (and by small businesses and other entities not registered 
for VAT), which would, the Commission argued, have reached unacceptable levels if tax-induced

7 The reasons for seeking wholly uniform excise duty rates had to do with the difficulty of enforcing different rates of 
excise duty once frontier controls were abolished. Large-scale cross-frontier commercial movements of duty-paid goods 
were anticipated, If rates of duty differed between member states after 1992. The Issues of excise enforcement and 
control In the Single Market are not discussed In detail In this paper; see Smith (1988) for a discussion, and some 
suggestions of mechanisms which would have allowed some scope for duty rates to differ between member states.
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price differentials were to be greater than about 5 per cent. It is clear that the proposed changes 
in member states’ tax rates would have had substantial implications for member state tax revenues®, 
and for the rates of tax on certain socially and distributionally sensitive goods.

Much of the argument over the Commission’s 1987 proposals focussed on the proposed VAT 
bands, and subsequent decisions have watered down considerably the rules on tax rates which 
apply to member states after 1992. For some member states (including the UK) the agreements 
reached permit the retention of all or nearly all of the existing VAT structure; others such as Germany 
have, for domestic budgetary reasons, already made moves which bring their VAT structures closer 
into line with the new requirements. Under the June 1991 agreement on VAT rates, member states 
must now levy a standard rate of VAT of at least 15 per cent, and can apply one or two reduced 
rates of at least 5 per cent to a limited list of goods and services. Existing rates of VAT below 5 
percent (including zero rates) can be retained, and transitional arrangements allow an intermediate 
rate of at least 12 percent to be applied for a period to goods which member states had previously 
taxed at reduced rates, but which no longer qualified for the reduced rate (Aujean and Vis, 1992),

How far are these requirements governing member states’ tax rates justified, and consistent with 
the criteria for subsidiarity that we outlined earlier? One aspect of the debate, which we leave to 
one side, has been the assertion that control over tax rates is an essential component of national 
sovereignty. Other arguments advanced have maintained that there are various potential economic 
costs and benefits associated with the coordination of indirect tax rates in the Community, which 
may warrant some level of Community control. We consider these arguments in subsequent parts 
of this section.

4.1 Coordination of indirect tax structures

There is an obvious Community interest in the indirect tax structure of member states; excise taxes, 
or other non-uniform indirect taxes, can effectively operate as tariffs on goods that are 
predominantly imported. Friedlaender and Vandendorpe (1968) show how a country with a degree 
of monopoly power in international trade can improve its welfare at the expense of its trading 
partners by imposing taxes either on production or consumption to approximate the effects that 
would be obtained by an optimal tariff. Except where a country faces an infinitely price-elastic 
foreign demand for its exports (the small country case), it can improve its welfare by taxing the 
domestic production of exportables and subsidising the domestic production of importables, or, 
with a similar effect, by subsidising the domestic consumption of exportables and taxing the 
domestic consumption of importables.®

8 For studies of revenue and other effects of the proposed tax rates In member states see, for example, Symons and 
Walker (1988) and Brugiavini and Weber (1988).
9 Vandendorpe (1972) extends the results to include conditions for the appropriate taxation of a non-traded good in a 
three-commodity model. Rose (1987) follows the "optimal tax" literature in making the assumption that lump-sum 
transfers are not available, and derives results for the optimal structure of consumption tax rates in a single member 
state and the optimal structure of consumption tax rates to apply to the Community as a whole, which are broadly 
similar in general outline to those obtained by Friedlaender and Vandendorpe.
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Recognising the potential for indirect protection through the indirect tax structure, the Community 
has, for example, tried to harmonise the taxes levied on alcohol in member states, believing that 
the higher taxes on wine than beer in the UK constituted indirect protection of UK-produced beer, 
reiative to wine imports. Similarly, efforts have been made to harmonise taxes on cigarettes; the 
balance of specific to ad valorem taxes has segmented the Community market into two groups - 
countries where specific taxes predominate, and where high-quaiity brands dominate the market, 
and countries where ad valorem taxes dominate, and where iower-quality brands are more 
competitive (Kay and Keen, 1987).

in addition to these arguments for coordination of the tax structure in member states to eiiminate 
covert protection, it has been argued that there are aiso potential welfare gains from greater 
convergence of the indirect tax systems in member states. Keen (1987), for example, presents a 
model in which the convergence of the indirect tax rates in member states towards the weighted 
average in aii member states can reduce the aggregate welfare costs of raising fiscai revenues in 
the Community as a whoie. The essence of the argument is that the welfare costs of raising tax 
revenues are not iinear in the indirect tax rate, but rise more than proportionateiy with higher tax 
rates. Reducing the revenues raised in high-tax member states, whilst simultaneously increasing 
revenues in iow-tax member states can raise the same revenue at iower aggregate weifare cost. 
Of course, it raises revenues from different countries, and greater distortionary costs are, in general, 
borne by those member states raising their tax rates. Nonetheiess, the aggregate gain means that 
there is, in principle, scope for the member states which lose to be adequately compensated, 
through some form of revenue transfer mechanism.

In practice, of course, the required revenue transfers may be difficult to agree. Without them, are 
there any circumstances in which the form of harmonisation discussed in Keen (1987) wouid stiil 
be desirable? Keen (1989) shows that there are, and that they may well correspond to the actual 
situation in Community countries. Where member states have designed their indirect tax structures 
so as to favour their own domestic producers. Keen argues that a move to the weighted average 
of member states’ tax rates may be actuaiiy Pareto-improving, without the need for revenue 
transfers between countries^®.

4.2 Cross-border shopping and tax competition

The main arguments for Community controi over the tax rates ievied by member states have to 
do with the possibiiity that, without Community controi, tax competition between member states 
may take piace, and that this competition wouid prove damaging.

Fiscal competition in the taxation of goods and services can arise in a number of contexts. The 
type of fiscai competition which has been the main concern of the theoretical literature has been 
fiscai competition to attract cross-border shopping; that is, purchases of goods and services in one 
country by residents of another. As we have observed, this is a phenomenon which can be expected

10 Turunen-Red and Woodland (1990) extend the approach taken by Keen to consider general multilateral tax reforms 
by a group of countries which apply distortionary tariffs to their international trade.
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to have increased as a consequence of the abolition of intra-Community frontier controls at the 
end of 1992 (Bos and Nelson, 1988; Boiteux, 1988). Since then. Community residents have, in 
effect, faced a hybrid system of indirect taxation, with the destination principle in force for 
commercial movements of goods across internal Community frontiers, and the origin system for 
individual cross-frontier purchasing (Sinn, 1990; Haufler, 1991b).

The possibility that tax competition could arise in this situation has been discussed by, amongst 
others, Lee, Pearson and Smith (1988) and Keen (1993). Member states might, for example, be 
tempted to try to attract cross-border shopping, and hence extra tax revenue, by reducing the rate 
of indirect tax they levy, in the hope that it would induce a sufficiently large increase in tax base 
to compensate for the reduction in the tax paid on each existing unit of cross border shopping. 
Theoretical models of processes of tax competition based on cross-border shopping have been 
set out by Mintz and Tulkens (1986), de Crombrugghe and Tulkens (1990), Kanbur and Keen 
(1993), Lockwood (1993), Christiansen (1994) and Haufler (1996a, 1996b). The papers differ in 
various aspects of the institutional setting they describe, and in the modelling assumptions made. 
However, taken together, they provide a corpus of important new results on the consequences of 
tax competition, and on the effectiveness of various types of policy response.

Under what circumstances is cross-border shopping likely to arise, and what will govern its extent? 
The costs of cross-border shopping are crucial, and so is the tax system in force. Assuming that 
cross-border shopping by individuals is always more costly than importing by businesses, 
cross-border shopping will only arise where different tax provisions apply to cross-border shopping 
and domestic purchases. In a purely origin-based tax regime, there is always the possibility to 
purchase goods taxed at the foreign country’s tax rate from businesses located in the domestic 
economy. Also, the structure and level of cross-border shopping costs determines how much 
cross-border shopping would take place for a given pattern of tax rates. If cross-border shopping 
is costless, then any difference in taxes will result in all purchases being made in the lowest-tax 
economy. On the other hand, if cross-border shopping entails fixed costs, then some tax differential 
may be possible without any cross-border shopping taking place. Intermediate situations, where 
some cross-border shopping takes place, but some purchases are still made in the domestic 
economy, require some form of convexity in the costs of cross-border shopping. One natural source 
of such convexity will be travel costs; if travel costs rise with distance (fuel costs, time) then a given 
tax differential may be sufficient to induce cross-border shopping by customers living near the 
border, without affecting the pattern of purchases of those living further away.

Empirical evidence on cross border shopping on the border between Northern Ireland and the Irish 
republic (Fitzgerald, Quinn, Whelan and Williams, 1988) found a sharp decline in the amount of 
cross border shopping with increasing distance from the border. 46 per cent of households in the 
six counties of the Irish Republic closest to the border with Northern Ireland did some cross border 
shopping, compared to only 8 per cent of households in other parts of the Republic. The average 
cost of a shopping trip by households in the six border counties was £6.48, of which two thirds 
was the cost of travel; this compared with average spending per trip of £41.50. Travel costs 
appeared to have a major influence on the amount and frequency of cross-border shopping. 
Regression analysis on data for households in the six border counties showed that distance from
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the border and car ownership together explained over one third of the variance in the number of 
trips made. Time costs too may have been important. The money saving which households said 
they required to make a trip worthwhile increased by on average £0.42 for each extra mile from 
the border, and the level of savings required to justify a trip appeared to be positively related to 
household incomes.

Mintz and Tulkens (1986) discuss the range of possible outcomes that can take place in a model 
of cross border shopping, reflecting the pattern of cross-border shopping costs and the difference 
in tax rates between two countries. Five possible "regimes", in the sense of different patterns of 
production and cross-border shopping, could arise, depending on the pair of tax rates (t|, t,) levied 
in the two countries (Figure 3).

Where the difference between tax rates is very small, the costs of cross-border shopping may 
prevent any cross-border transactions taking place (Regime 1 in Figure 3). At the other extreme, 
a very large difference in tax rates will lead to all purchases taking place in the lower-tax country 
(Regimes 4 and 5). In between, there are two "mixed" regimes in which some cross-border shopping 
takes place, but where some shopping takes place in each country (Regimes 2 and 3). In Regime 
2, for example, tax rates in ] are higher than tax rates in i, and some cross-border shopping by 
residents of j takes place in i; i "exports" taxes to j.

Where, within this range of possibilities, would the countries choose to place themselves? This 
depends on the objective function with which the government operates, and the structure of 
taxpayer responses, as summarised in Figure 3; it also depends on their assumptions about the 
likely response of the other country.

Mintz and Tulkens observe that interjurisdictional fiscal externalities of two types may arise in this 
situation. One, which they term the "public consumption effect' is a beneficial externality felt by 
country I from an increase in the tax rate of j. If j increases its tax rate, this increases the tax 
revenues of i and hence the level of public goods provision that i can sustain, for any given tax 
rate that it might choose.

The second fiscal externality, the "private consumption effect' is a negative externality experienced 
by country i from an increase in j’s tax rate; this arises where i’s citizens are buying goods across 
the border in j, and reflects the reduction in the real income of residents of country i, through the 
higher price that they must pay for cross-border purchases when j increases its tax rate.

These fiscal externalities depend on the regime which applies. For example, in Regime 1, neither 
applies. In Regime 3, where country i is both producing and importing, both the public consumption 
and private consumption externalities are present. The sign of their overall effect depends on the 
relative importance of public and private consumption in the utility function of country i’s residents; 
where residents have a strong preference for public consumption, the beneficial externality from 
an increase in the other country’s tax rate will dominate.
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Figure 3.
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Mintz and Tulkens describe as a "non-cooperative fiscal equilibrium" the Nash equilibrium which 
results from the tax and spending decisions of the two countries In the above model. The existence, 
however, of such an equilibrium appears problematic, since, as Mintz and Tulkens show, the "fiscal 
reaction functions" which show each country’s best reply, given the tax rate decision of the other 
country, are discontinuous, with a downward jump. The jump occurs because there Is some level 
of the foreign tax rate at which the home country finds Itself Indifferent between one of two choices:

• to levy a high domestic tax rate, putting Itself In an autarkic or mixed equilibrium, but allowing 
It to finance a high level of public goods provision

• to levy a lower domestic tax rate, putting the other country In a mixed equilibrium; this 
offsets the welfare loss from a lower level of provision of public goods by Increased revenue 
from foreign cross-border shoppers, and a reduced distortionary cost of domestic tax 
revenues.

49



1. Co-ordination of indirect Taxes

Mintz and Tulkens do not define the full-cooperative equilibrium, but instead ask how the outcome 
from a process of fiscal competition of this sort would be likely to compare to Pareto-efficient fiscal 
choices. Firstly, they demonstrate that in regimes where some cross-border shopping takes place 
(regimes 2 and 3), the non-cooperative fiscal equilibrium and the Pareto-efficient fiscal decision 
will differ, because of the operation of the two types of fiscal externality set out above: in the 
non-cooperative equilibrium, country i makes its fiscal decisions without taking into account the 
welfare losses that its taxes impose on cross-border shoppers from the other jurisdiction, and 
without taking account of the effect on the standard of public goods that the other country can 
provide.

Secondly, they show that Pareto-improving fiscal changes would never reduce the tax rates of 
both countries; in other words, fiscal competition which leads to equilibria with partial cross-border 
shopping never involves tax rates which are too high, relative to the Pareto-optimal level, in both 
countries. The country whose residents shop abroad will always set tax rates which are too low, 
relative to the optimum (since the only fiscal externality from its choice is on the ability of the other 
government to finance public spending); the other country, however, may set taxes which are either 
too high or too low, reflecting the fact that the public consumption and private consumption 
externalities from its decisions may puli in opposite directions".

Kanbur and Keen (1993) focus on one particular aspect of fiscal competition - the effects of 
differences in size between countries. They note that tax havens tend to be small countries, and 
set up a model of fiscal competition in which systematic differences in the interests and strategies 
of two countries are found to be related to their relative size.

Kanbur and Keen show that the fiscal reaction functions of the two countries, representing each 
country’s best reply, given the tax rate set by the other, depend on the relative size of the two 
countries^^

11 This conclusion is based on an analysis which considers the revenue and income implications of cross-border 
shopping only. As Lee, Pearson and Smith (1988) note, however, cross-border shopping gives rise to a range of 
externalities, including the resource costs expended by cross-border shoppers as well as the revenue extemality. 
Observing that in the Nash equilibrium with cross-border shopping, countries trade off higher revenues against the 
resource costs of cross border shopping at the margin, de Crombrugghe and Tulkens (1990) are subsequently able to 
prove a stronger result - tax rates are too low in both countries.
12 The objectives of the countries are represented as simple revenue-maximisation (which Kanbur and Keen suggest 
might be interpreted as the case where each country places a very high priority on supply of a tax-financed public 
good). Consumers are assumed to have a reservation price for purchasing a single unit of the taxed good; these 
reservation prices are assumed uniform with each country, but can differ between the two countries. This produces a 
more tractable model of Nash competition than in the Mintz and Tulkens paper, but means that for some of the other 
cases the optimal policy is trivial and of little practical interest. Without the possibility of trade, for example, the optimal 
policy in each country sets tax rates equal to domestic consumers' reservation prices (defined net of the costs or supply) 
for the taxed good; there is no trade-off between tax revenue and consumer welfare. In is also possible to define the 
full-cooperative outcome, but this likewise is of limited interest, given the assumed govemment objectives. In the full 
cooperative outcome it continues to be the case that one country, at ieast, would set tax rates equal to its consumers' 
reservation prices, in some circumstances this may also be the optimal policy for the other country, if the effects of 
cross-border shopping are small relative to domestic revenues in both countries. Alternatively, the cooperative solution 
may involve either tax harmonisation at the higher of reservation prices in the two countries (which wouid mean that 
there would be no sales to consumers with low reservation prices, but this would be more than offset by the 
preservation of maximum revenues from the consumers with high reservation prices), or a pattern of taxes where tax is 
charged at the reservation price in the low-valuation country, but some reduction in tax is made in the high-valuation 
country, to reduce, but not eliminate, cross-border shopping. Which of these pattems of tax rates is optimal in the 
full-cooperative case will depend on the difference between consumers' reservation prices in the two countries, their 
relative size, and the costs of cross-border shopping per unit distance.
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For the smaller country, there is a discontinuity in the reaction function. At very low rates of foreign 
tax, the small country would not find it worthwhile to undercut the foreign tax rate; it would forego 
the opportunity of substantial revenue from its own citizens, whilst the revenues it could raise from 
attracting cross-border shopping would be trivial. At higher rates of foreign tax, however, it becomes 
worthwhile for the small country to switch to undercutting the high tax rate of the larger country; it 
will attract more than enough revenue from large numbers of cross-border shoppers to compensate 
for the lower tax revenues it gets from its own citizens.

The fiscal reaction function of the larger country, on the other hand, exhibits no discontinuity - the 
tax rate which maximises revenue is strictly Increasing in the foreign country's tax rate, and there 
is no point in which a sudden switch to tax undercutting becomes worthwhile.

Given the discontinuity in the small country’s fiscal reaction function, the existence of equilibrium 
is again problematic. Assuming that an equilibrium exists^ ,̂ the small country is found always to 
set a lower tax rate than the large country; "undercutting" always takes place. Per capita revenue 
is higher in the smaller country than in the large country. Compared to a situation in which 
cross-border shopping could not take place, tax revenue in the larger country is lower, and so are 
total tax revenues. The direction of the effect on tax revenues in the smaller country is unclear, 
and depends on the balance between two effects: opening the border restricts its ability to extract 
surplus from its own citizens, but allows it to attract revenues from cross-border shopping; the latter 
dominates if the small country is sufficiently small relative to the large. Fiscal competition through 
cross-border shopping will thus work against the interests of larger countries, but countries which 
are sufficiently small may be able to improve their situation compared to a situation in which no 
cross-border shopping could take place.

4.3 Future policy options

Cross-border shopping to benefit from lower taxes In other member states has economic costs, 
like any other activity carried out purely for fiscal reasons. These economic costs include the time 
and travel costs of cross-border shoppers, the loss of trade suffered by businesses located on the 
high-tax side of the border, and the loss of tax revenue to the national exchequer. It has been 
suggested by a number of authors that the existence of these costs warrants some form of 
Community limitation on the VAT rates levied by member states (Boiteux, 1988; Guieu and Bonnet, 
1987). Similarly, the 1987 Commission proposals justified the width of the proposed VAT bands 
by arguing on the basis of US experience than VAT differences of up to 5 per cent would not lead 
to excessive cross border shopping by individuals.

Others, including Lee, Pearson and Smith (1988) have maintained that it is the existence of fiscal 
externalities between member states that warrants Community action to control cross-border 
shopping, and that there is an important asymmetry between member states wishing to set tax 
rates above those ruling elsewhere In the Community, and member states wishing to undercut the 
VAT rates in other member states. In the former case, the externality on other member states is

13 Kanbur and Keen show that the conditions required are quite weak.
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generally a positive one, and there is no obvious reason why member states should need to restrict 
the freedom of other member states to choose to set higher tax rates if they wish. On the other 
hand, where member states wish to set tax rates below other member states, they generally impose 
a negative externality on other Community countries. The models of fiscal competition discussed 
in the previous section suggest that there will be a general tendency for such competition to drive 
tax rates downwards, below the levels they would be without the fiscal externality. Community 
policy might appropriately aim to increase the rates of tax levied in member states, to counter the 
downward tendency arising from the process of fiscal competition.

Perhaps the most appropriate form of Community rule, which would reflect the general tendencies 
observed in the models of fiscal competition, without requiring complex judgement In 
implementation, would be for the Community to place a "floor" below member states’ VAT rates, 
to restrict the extent to which fiscal competition can drive down the rates of tax which member 
states levy. This will not, of course, lead to an optimal outcome; the fiscal externality will still 
constrain national fiscal policy-making at tax rates above the Comrhunity VAT floor. Nonetheless, 
it appears likely to improve matters, and to be preferable to the outcome that would result from 
unrestricted fiscal competition between member states. Kanbur and Keen, for example, examine 
the effects of such a policy in their model, and find that it would lead to a Pareto-improvement over 
the initial situation. In their model, even the smaller country, which had been levying a low tax rate 
and maximising its revenues by undercutting the tax rates of the larger country. Is found to benefit 
from the imposition of a floor to the VAT rates that can be levied.

The type of agreement on VAT rates that has ultimately been reached would thus appear to reflect 
a substantial improvement on the initial 1987 proposals. Although the requirements are now weaker 
than in the earlier plan for VAT bands (for example, no maximum VAT rate is now specified), this 
weakening of Community control appears likely to be justified by the direction of the externalities 
involved. Some control is, however, clearly warranted. Without frontier control, member states face 
a choice between a restriction of the tax rates they can levy through the pressures of competition, 
and restriction by agreement within the Community. Unrestricted fiscal competition would tend to 
lead to downward pressure on the tax rates levied by member states, preventing member states 
pursuing the tax policies they would choose. The requirement that member states should set their 
VAT rates above the 15 per cent Community floor would appear likely to limit the costs of fiscal 
competition, whilst imposing only a small constraint on member states’ freedom of action in tax 
policy.

5 Conclusions.

Implementation of the principle of subsidiarity requires criteria to be developed to identify those 
areas of policy-making where coordinated or centralised policy-making or implementation would 
be more effective than policy at the national level. Why has defining the appropriate limits for 
Community policy on taxation proved so intractable?
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One reason is that the power to tax is so intimately bound up with political sovereignty. There is a 
big difference between government units that have the power to raise their own revenues through 
taxation, and those that are dependent on transfers from other levels of government. National 
governments are naturally wary of proposals which would severely limit their ability to make their 
own revenue choices.

A second reason is that diversity in taxation is very probably optimal, even if increasingly difficult 
to achieve. Differences in the structure of indirect taxation in member states may well be an 
appropriate response to differences between countries in the characteristics of demand for 
particular goods. Also, differences in per capita spending levels, or in national tax bases, will almost 
inevitably require different member states to levy taxes at different average levels. The important 
issue for Community policy is then not to harmonise all aspects of taxation (which would almost 
certainly impose large costs in terms of the required changes in member states’ public spending 
policies), but to prioritise for coordination those areas of taxation where diversity is likely to lead 
to the greatest economic costs. This perhaps suggests that rather more attention should be paid 
to measures which might reduce distortionary aspects of corporate tax systems and the taxation 
of individual investment income, and rather less attention to the limited remaining differences in 
indirect taxation.

A third reason why progress has been slow is that agreements required; the process of negotiation 
cannot be bypassed. This is not simply because the Single European Act has reserved taxation 
as one of the few areas in which Community decisions still require unanimity. Agreement is also 
needed because competition between member states would be liable to result in inefficient tax 
policy.

In many areas of regulatory policy, institutional competition, as a result of "mutual recognition" of 
product standards, has allowed the Community to cut through the time consuming business of 
reaching agreement on coordinated standards. Often, this process may be efficient, in the sense 
that competition between national standards would lead to the retention of separate national 
standards only where the benefit outweighs the cost. This argument can, as will be discussed in 
Chapter 2, justify institutional competition in certain environmental standards. However, institutional 
competition in revenue-raising taxation is unlikely to be efficient.

Cross-country fiscal policy externalities, in the form of the effects of each country’s tax rate and 
enforcement decisions on private sector behaviour and revenues in other member states, mean 
that tax competition is likely to result in inefficient outcomes: market-driven tax coordination will 
be clearly inferior to cooperative policy. Leaving tax policy to a process of tax competition will, for 
example, generally result in tax rates which are too low. Some coordination (possibiy with 
appropriate side payments) will be likely to improve matters. In particular, the current form of 
Community policy, under which minimum rates of tax which member states can apply are specified, 
seems broadly appropriate, in that it should limit destructive tax competition, whilst leaving member 
states with a degree of freedom to set higher rates of tax if they wish.
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2. Role of EU in Environmental Taxation

Introduction

Many European countries are currently discussing - and, in some cases, implementing - 
environmentally-motivated tax reforms. This paper considers the extent to which such policy 
initiatives are purely a matter for policy-makers in the member states in the European Union (EU)\ 
and the circumstances in which environmental tax policies might require coordination or other 
action at the EU level. Many of the issues are not, of course, unique to the EU, and are encountered 
in varying degrees in other federal, or multi-tier, political systems.

The division of policy responsibilities between the EU and its member states is imprecisely defined, 
and has evolved overtime, both as a result of European Court judgements and new agreements 
between the member states on the development of the Union. Within the field of environmental 
taxation, policies at the national level are constrained both by the need to avoid measures which 
protect domestic producers against competition from other member states and by the terms of 
existing EU agreements on the permissible forms of indirect taxation in member states. 
Furthermore, policies at the EU level have been heavily constrained by the concern of some 
member states, notably the UK, to prevent any extension of the Union’s mandate in the field of 
taxation^.

The principal proposal for environmental taxation made in the EU countries in recent years was 
the carbon/energy tax proposed by the European Commission in 1991 (Commission, 1991; 
Pearson and Smith, 1991 ). The proposed tax formed part of a programme of measures to contribute 
to the objective of stabilising C02 emissions at 1990 levels by the year 2000, a target that the EU 
member states accepted at the Rio Convention in 1992. The tax was to be levied on the carbon 
content of fossil fuels and the energy content of all non-renewable forms of energy, at an initial 
level equivalent to $3 per barrel of oil, rising in stages to a level of $10 per barrel ($88 per tonne 
of carbon) in the year 2000. The Commission’s original plan was for the tax to be introduced during 
1993; however, discussion of the original proposal was protracted, and the initial proposal for a 
substantial, uniform, EU-wide tax now seems unlikely to be implemented. Although member states 
endorsed the principle of fiscal instruments as a means of controlling C02 emissions, some 
opposed the proposal because of concern about a possible adverse impact on industrial 
competitiveness, whilst the UK was implacably opposed in principle to increasing the EU’s powers 
in taxation. The focus of EU discussion has now turned to a consideration of a possible common 
framework to govern the structure of a carbon tax in those member states which might choose to 
introduce one.

Since the signing of the Maastricht Treaty in 1992, the criterion of "subsidiarity" has governed 
assignment issues in areas not unambiguously assigned by the Treaty to either the Union or its

1 In conformity with current general practice, this paper uses the term "European Union" to include ail activities and 
functions of the European Community; for simplicity, the term is used systematically throughout the paper, including 
references to the European Community prior to the Maastricht Treaty, except in direct quotations referring to the 
"European Community".
2 Unanimity is required in EU decisions concerning taxation.
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member states^, although the practical Implications of subsidiarity in particular areas of policy have 
yet to be fully tested. The criterion of subsidiarity forms the main organising principle for the 
discussion in this paper. In Section 1 the paper briefly recapitulates the discussion in Chapter 1 
concerning the meaning of "subsidiarity" in the EU and the application of subsidiarity to tax policy. 
Section 2 considers the application of "subsidiarity" to environmental policy, and, specifically, to 
the assignment of policy responsibility for environmental taxation between the EU and national 
governments. Section 3 considers the implications for assignment of the need for integration of 
environmental taxation with other areas of EU and national policy. Section 4 draws conclusions 
from the discussion.

1 "Subsidiarity" in the European Union

1.1 "Subsidiarity" as a criterion for assignment

The principle of subsidiarity is expressed in the Treaty on European Union agreed at Maastricht 
in the following way:

"In areas which do not fall within Its exclusive competence, the Community shall take action, in 
accordance with the principle of subsidiarity, only If and Insofar as the objectives of the proposed 
action cannot be sufficiently achieved by the member states and can therefore, by reason of the 
scale or effects of the proposed action, be better achieved by the Community" (Article 3b of the 
Treaty on European Union).

The principle of subsidiarity thus embodies a presumption in favour of decentralisation: transfer of 
government functions to the European level should only take place where there are good reasons 
for such an assignment (Padoa-Schioppa, 1987). The main argument for decentralisation in 
government is that it may help to ensure that the decisions taken by government adequately reflect 
local preferences and interests.

In its references to "scale" and "effects", the Treaty definition also echoes the two principal "good 
reasons" for EU assignment identified in the 1977 report of the MacDougall Committee 
(MacDougall, 1977), which drew on theories of fiscal federalism (eg Olsen, 1969; Oates, 1972) to 
assess the EU’s future role in government. This had identified the existence of economies of scale 
and the existence of cross-country spillover effects from national policy as the two main 
circumstances in which a higher-tier, EU, involvement in policy would be warranted. Policy areas 
where economies of scale or policy spillovers across national boundaries are significant will tend 
to be those where the EU has a justifiable role, and where transfer of responsibility for policy from 
member states to the EU may be one solution to the inefficiency of national policy.

3 The earlier Treaty revisions under the Single European Act of 1986 had required the subsidiarity test to be applied to 
the EU’s environmental policies.
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However, assigning full responsibility for a particular policy function to the EU is not the oniy possibie 
response to policy spiiiovers, and may not be the appropriate choice in many cases. Often it may 
be possible for the interests of other countries in the poiicy decisions taken by nationai governments 
to be refiected in an agreement between the countries concerned, specifying the way in which 
poiicy will operate.

Indeed, the EU plays a mixed roie - part government, part forum for internationai negotiation. It 
therefore provides scope for a range of possible degrees of constraint on nationai poiicy-making, 
ranging from ad hoc negotiation over cross-country effects of member states’ poiicies, to the 
comprehensive takeover of member states' responsibilities in a particuiar fieid. The current 
emphasis on subsidiarity and decentralisation impiies that the former route is to be preferred 
wherever possible. When, however, is minimal coordination, of this form, likeiy to suffice?

Gatsios and Seabright (1989) discuss the circumstances in which agreements on poiicy 
coordination or harmonisation will be adequate to deal with the probiem of cross-country policy 
spiiiovers. They argue that the main gains from actually handing over responsibility for an area of 
poiicy with large cross-country poiicy externalities to the EU arise in the form of greater credibility 
of central operation. Where it is difficult to monitor compliance with internationai agreements (for 
example, where their implementation requires a large amount of judgement, based on more 
information than other parties to the agreement are likely to possess), signatories to an internationai 
agreement to implement nationai poiicy taking internationai externalities into account may not have 
confidence that the other signatories will comply. Where this is the case, compliance is likely to 
become an increasingly unattractive strategy, for the usual "prisoners’ dilemma" type reasons.

The key issues in deciding the functions that need to be assigned to EU level are thus those of 
information and monitoring. Those functions which the EU itself needs to exercise are those where 
there are substantial cross-country poiicy externalities, and where compliance with agreements 
between nationai governments cannot easily be monitored by national governments.

1.2 ’’Subsidiarity" and taxation.

In the case of tax policy, there are some strong arguments for retaining tax poiicy at nationai level, 
except where the gains from coordinated reform would be significant. One reason for this is that 
the optimal structure of taxation in an economy will generally vary, depending on the preferences 
and economic behaviour of individuals and enterprises. Also, the optimal level of taxes in member 
states of the EU may differ because member states have different requirements for budget revenues 
from taxation. This is a key difference between the assignment of taxation and other policies; the 
assignment of taxes affects the availability of financial resources, and hence the ability of different 
tiers of government to carry out other policy functions. In addition to these arguments for diversity, 
there are also reasons to avoid unnecessary instability in taxation; asset prices and private sector 
decisions will reflect the existing tax arrangements, and adaptation to a new system could be costly.
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Arguments for centralisation or EU involvement in taxation based on economies of scale are likely 
to be of less importance than those relating to spillover effects from uncoordinated nationai poiicies. 
The unit cost savings which arise from a transfer from the nationai level to the EU level are likely 
to be relatively modest, since the national units are already large, and differences in language, 
legal systems and corporate structures are likely to reduce quite sharply the potential for 
administrative savings from EU-wide tax administration. This is not, of course, to deny that there 
maybe potential for beneficial administrative cooperation between the tax authorities of EU member 
states, in ways that fall short of full administrative integration.

Spillover effects from national policies (policy externalities) provide much more substantial reasons 
for EU involvement in taxation, and may take a number of forms. Inter-country spillovers may arise 
from national decisions about the rates and structure of taxation, and also from the level and pattern 
of enforcement activities at national level. The spillover effects may also appear in different ways, 
as effects on private sector decisions (inter-country distortion, or non-neutrality), and effects on 
the allocation of tax revenues between member states.

Where national tax policy is liable to have cross country effects on economic activity and revenues, 
there is also concern that unregulated decisions at the national level may result in sub-optimal 
outcomes for the EU as a whole. In particular, there has been considerable recent concern that 
these cross-country effects may place downward pressure on "exposed" tax rates In member 
states, requiring member states to place undue reliance on tax bases less exposed to International 
competition. Restricting the ability of member states to undercut each other in taxation may be of 
net mutual benefit; indeed, there may be circumstances (as demonstrated by Kanbur and Keen 
1993) where it would benefit all parties concerned.

As with other areas of policy, there is then a further question about the form of EU involvement in 
taxation. Should this take place through coordination of national policies (for example through 
harmonisation of tax rates), or should it involve complete assignment of particular taxes to the EU 
level? One set of considerations in this choice is of course the impact on the financial resources 
available to each level of government; assigning taxes to the EU would increase the EU’s powers 
in other areas of policy, whilst reducing the financial resources under the control of member states. 
Other considerations relate to the adequacy of coordination measures, as opposed to assignment, 
in dealing with cross-country tax policy spillovers.

Thus, for example. It may be comparatively stralghtfonward to design credible agreements to limit 
the extent of cross-country policy spiilover effects to limit the impact of national decisions on tax 
rates on private sector activity and the allocation of tax bases between member states, since the 
compliance of member states with a given set of rules regarding permissible tax rates can be easily 
obsen/ed.

In other areas, however, the information needed to monitor member states’ compliance with any 
agreement may be harder to obtain - for example, where spillovers arise from member states’ tax 
enforcement activities. Even here, however, it may be possible to maintain a substantial degree 
of decentralisation, which stops well short of the unattractive option of transferring tax administration

60



2. Role of EU in Environmental Taxation

responsibilities to the EU. Thus, the institution of a EU mechanism for auditing member states’ tax 
enforcement practices and procedures would help to enhance the credibility of agreements about 
the conduct of member states' tax enforcement activities, and would thus help to sustain continued 
assignment of the day-to-day operation of administration and enforcement at the member state 
level, even where enforcement activities involve significant cross-country externalities.

2 Application of the principle of subsidiarity to environmentai taxes

2.1 ’’Subsidiarity" and environmentai poiicy

The practical development of EU environmental policy has occurred through a piecemeal 
accumulation of functions, partly in areas where other EU policies raised environmental issues. 
As other discussions of the implications of "subsidiarity" have argued (eg Begg et al, 1993), some 
of the EU’s most significant environmental policy measures, such as the Directives relating to water 
quality, are difficult to reconcile with subsidiarity. To a large extent, the EU’s involvement in these 
areas does not reflect a process of considered decision-making about the need for centralisation, 
so much as political competition between levels of government over individual areas of policy. This 
inter-tier competition will almost certainly continue to influence the division of responsibilities 
between the EU and member states, although it has now been constrained by the presence of the 
subsidiarity criterion in the Treaty. In considering how far the EU will develop new policies on 
environmental taxation, future developments will be - at least in part - governed by the strength of 
the "subsidiarity" case for a greater EU role in environmental policy generally, and also with respect 
to particular environmental taxes.

As with tax policy, the application of subsidiarity to define the EU’s role in environmental policy 
requires a balance to be drawn between the benefits from retaining discretion over policy at the 
national level, and the benefits from greater coordination at the EU level. There are two main lines 
of argument against EU harmonisation of environmental policy, where there are no strong 
arguments for coordination.

One is, again, that diversity in incomes, preferences and economic conditions between member 
states will typically call for diversity in policy measures. Assuming environmental quality to be a 
normal good, demand for environmental quality will tend to rise with higher incomes, and richer 
member states will then, other things being equal, wish to implement more stringent environmental 
policies than poorer member states. There may, in addition, be important differences in the need 
for particular environmental policy measures, reflecting differences in the assimilative capacity of 
the environment in different member states. Where the environmental effects of national policy 
are confined to the country concerned, different standards of environmental protection would, in 
these circumstances, appear desirable.
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The second is that there are also some important reasons to prefer the status quo in environmental 
policy, over the introduction of a new, harmonised, EU-wide approach. Individuals and firms will 
already have adjusted their behaviour to the requirements of the various existing systems of 
pollution control and regulation in member states; in some cases these adjustments will have 
required costly changes in technology, or the sunk costs of industrial relocation. Changing the form 
of policy, even without any increase in the stringency of policy, could require substantial 
re-adaptation to the structure of incentives and requirements of the new policy, imposing adjustment 
costs without necessarily achieving any reduction in pollution.

These arguments amount to a substantial case for avoiding unnecessary harmonisation of 
environmentai poiicy. Nevertheless, there are a numberof importantenvironmentai policy problems 
and policy measures where nationai environmental poiicies have either environmental or economic 
spillover effects affecting other member states, warranting some form of EU intervention. Whilst 
some of these issues have implications for the coordination of environmentai policies in general, 
there are also specific considerations relating to the coordination of environmental taxes in 
particular.

The environmental spillover effects arise where environmental problems cross national boundaries, 
for example through airflows which transport national sulphur emissions and deposit them as acid 
rain in other countries, or through the impact of nationai emissions of carbon dioxide on global 
environmentai problems such as climate change. In these cases, which have been the subject of 
an extensive literature (eg Barrett, 1991 ; Maler, 1991, and many of the 1994 ilPF congress papers), 
coordination of national policies is central to achieving efficient environmental poiicies, although it 
is also, as the literature makes clear, extremely difficult to achieve.

The economic spiilover effects arise where the policy measures adopted at nationai level have 
economic effects which cross national boundaries, and which may in some cases have negative 
implications for living standards in other countries, or for the welfare of all countries taken as a 
group. The significance for policy of these economic spillover effects has been controversial, and 
two aspects of the economic spiiiovers are distinguished here. Section 2.3 considers economic 
spillovers from "indirect protection" arising through the formoi poiicy measures adopted at nationai 
level, whilst Section 2.4 discusses whether economic spillovers arising from the level of protection 
adopted at national level give rise to a case for internationai coordination or control of national 
policy-making.

In particular poiicy contexts, the environmental and economic spillovers from nationai 
environmental tax poiicy are likeiy to vary in relative significance. For certain local environmental 
problems, the need for EU involvement relates only -if at ail- to the regulation of economic spiiiovers, 
whilst for regional or global environmental problems it is the cross-country dimension of the 
environmentai problem which gives rise to the greatest need for coordination of nationai poiicies.
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2.2 International environmental spillovers.

International bargaining and negotiation has become a key feature of environmental poiicy, as 
countries negotiate over how best to reguiate international environmental problems. As far as the 
EU is concerned, such negotiations have both an externai and an internal dimension.

With regard to the externai dimension, the EU has become a key piayer in the process of 
international bargaining over giobal environmental problems. How far the EU’s involvement in 
international negotiations ieads to more efficient bargaining and better outcomes depends, to a 
iarge extent, on the relationship between the EU and member states in the negotiation. It is possibie 
that, collectiveiy, the EU may be able to secure a better deal for its members than if each were to 
participate in internationai negotiations on its own behaif. Indeed, EU involvement may increase 
the chances of an agreement being reached at all, by reducing the number of independent 
participants in international negotiations. On the other hand, in practice, the involvement of the EU 
in international bargaining has introduced further complexity into some aspects of the process. In 
some cases, where the EU and member states have joint responsibility in internationai 
environmental negotiations, the involvement of the EU increases the number of actors in 
international negotiation rather than reduces it. Moreover, even were the EU to have a single seat 
at the negotiating table, the EU’s position in negotiation could not be formulated without reference, 
at some stage, to the member states; this introduces a second layer into the process, and may 
reduce the flexibility of the European position and slow down the process of agreement.

Internally, the EU faces a numberof environmental problems which cross member state boundaries; 
as in the case of the global environmentai problems, there is a need to coordinate the actions of 
member states, so as to ensure that the cross-country externality is adequately refiected in nationai 
policy measures. Whilst such coordination is an important function of the EU, its difficulties should 
not be under-piayed; the incentive and information problems which arise in reaching agreement 
on efficient giobal environmental policies apply with equal force to decision-making amongst the 
member states of the EU.

The form of most such negotiations, both globally and amongst the European countries, has been 
for countries to negotiate over their contribution to global abatement measures, in terms of the 
proportionate reduction of emissions from some initial baseline. Environmentai targets are thus 
set by internationai agreement, whilst the measures for implementation are left to individual 
countries to decide. This division of functions between target-setting and implementation is 
reflected, as Haigh (1989) notes, in the use of Directives in EU environmentai policy, which generally 
set targets, whilst leaving member states discretion over how these are to be implemented in 
national legislation. Where cross-country environmentai problems are involved, how far is such a 
division of responsibilities adequate, and consistent with the requirements of subsidiarity?

In some circumstances it wouid, in principle, be desirable for international negotiations to go further 
than simply specifying quantitative targets for emissions reductions in individual countries, and for 
the EU roie thus to extend to agreeing the form of poiicy, as well as its intended outcome. One is 
that negotiating over tax rates rather than over quantitative emissions targets may in certain
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circumstances achieve a more efficient pattern of abatement across countries. For example, where 
global pollutants are concerned, agreement on a uniform tax rate to apply in all countries may be 
more efficient than agreeing that all countries implement the same percentage reduction in pollution. 
Indeed, in some circumstances involving uniformly-mixed global pollutants a uniform tax rate on 
emissions across countries would constitute the optimal policy. Hoel (1994a) considers whether 
a carbon tax, levied to control climate change problems arising from the accumulation of global 
carbon dioxide emissions, should be uniform across countries. Ideally, he finds, the tax should be 
uniform. But there are two sets of circumstances in which non-uniformity across countries could 
be appropriate. One is where side-payments are ruled out; in this case (which Hoel, however, 
argues is hard to justify), non-uniform carbon taxes could be Pareto-optimal^. Another group of 
circumstances concerns the availability of other tax instruments which can be deployed to tackle 
other energy-related externalities®, and to tax energy within a structure of optimal revenue-raising 
taxes on commodities. Typically, the efficient rates to be set for these energy taxes will vary across 
countries; in the first case to reflect differences in abatement costs, the assimilative capacity of 
the national environment, and citizens’ preferences for environmental quality, and in the second 
case to reflect the range of factors underlying optimal tax structures. If separate taxes on energy 
were not available, and the carbon tax had to perform these functions as well as reducing carbon 
emissions, uniformity in the carbon tax rate across countries would be unlikely to be optimal. 
However, since all countries already levy substantial taxes on at least some types of energy, the 
case for uniformity across countries in a new coordinated carbon tax would appear to be strong.

Another reason for specifying the form of policy, rather than simply emission reduction targets, 
may be the credibility of any agreement; agreeing to introduce a tax at a particular rate may make 
it easier for countries to verify that the bargain was being implemented, than where the agreement 
was simply to undertake unspecified measures to achieve a quantitative target for emissions 
reduction at some future date.

In some cases, therefore, the distinction between the EU’s role in target-setting and the role of the 
member states in choosing how to meet the targets, is unsustainable. For a number of reasons, 
including the "credibility" issues raised in section 1, the EU should have a substantial and legitimate 
interest in the form of environmental policy (eg in the choice between environmental taxes and 
regulation) as well as in its targets and objectives.

In addition, although the limited administrative resources available to the EU will frequently dictate 
a substantial role for national governments in administrative implementation of policies (including 
both conventional tax policies and environmental policies), even where the EU has primary 
responsibility for the determination of policy targets, there will be a need for this to be accompanied 
by facilities for monitoring and audit at the EU level, in order to ensure the credibility of policy.

4 See also Chlchilnlsky and Heal (1993), who reach a similar result when side payments are not available.
5 Newbery (1992) also considers the reiationship between the optimal rate of a carbon tax and the rates of existing 
externaiity taxes on energy: he conciudes that these are generaily additive, but points out that in some circumstances 
the introduction of a carbon tax may increase the optimal tax rate on motor fuel levied to reflect other traffic extemaiities 
(since in the iong run the carbon tax will increase fuei efficiency of motor vehicles, and hence will increase the 
non-carbon externaiity costs per litre of fuei).
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2.3 Indirect Protection.

Inter-country spillovers from national environmental policy may have an economic as well as an 
environmental dimension. One aspect of this, which applies both to cases where nationai policies 
have cross-country environmentai effects, and to cases where purely nationai (or local) 
environmental problems are involved, is the risk of indirect protection. Unrestricted poiicy-making 
by individual member states carries with it the risk that measures may be introduced by member 
states in the guise of environmental protection which have their principal rationale in their role as 
instruments of indirect trade protection. It is possible to think of a range of environmental 
characteristics of particuiar goods which could be used to justify the imposition of environmentai 
taxes which wouid in practice have the effect of protecting the goods supplied by the nationai 
producers of member states. "Clean car" incentives for vehicles meeting certain emissions 
standards have already been a concern of the EU; similarly, heavy taxes on non-recyclable drinks 
containers would tend to disadvantage importers of drinks relative to domestic suppliers (which 
have larger market shares, able to bear the fixed costs of systems for returning used bottles, and 
which would, in any case, have to return the bottles over shorter distances).

Although the sections of the Treaty of Rome which govern the conduct of EU environmentai poiicy 
explicitly leave room for member states to operate more stringent environmentai policies than the 
EU as a whole, fiscal measures which have the effect of indirect protection conflict with other key 
objectives of EU policy, especially those concerning the free flow of goods between member states. 
It is under these provisions of the treaty that the Commission attempted to restrain member states’ 
own measures on fiscal incentives for lower vehicle emissions. There is clearly a difficult balance 
to be drawn between the requirements of the Single Market, and leaving member states any scope 
for independent environmentai policy-making. Where that balance should be drawn is inevitably 
unclear, and guidelines for member states’ poiicy are difficult to develop. The ieast that can be 
said, however, is that it is surely an issue entirely unsuited to resolution though judicial processes, 
and work on some form of detailed guidelines is long overdue.

Similar "indirect protection" issues arise in the case of the proposed European carbon tax. The 
least-cost pattern of abatement wouid be achieved if ail sources of carbon dioxide emissions were 
to face the same tax. However, there were, in practice, demands that the tax should provide scope 
for selective exemption of certain categories of industrial energy user which might be adversely 
affected in international competition with firms outside the EU area, either through exemption of 
certain energy intensive industries, or through more selective exemption of particuiar firms facing 
severe competitive pressures.

Hoel (1995) discusses the circumstances in which such sectoral differentiation would be efficient. 
He observes that if countries are not able to levy tariffs on trade with non-signatories to an 
internationai agreement to restrain carbon dioxide emissions, it may be appropriate to levy 
differentiated taxes across sectors. Informally, these taxes would aim to offset the competitive 
advantage that firms in energy-intensive sectors wouid receive in non-signatory countries, although
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the efficient pattern of carbon tax differentiation across sectors would be complex. However, if 
countries are able to determine tariff rates without restriction, then tariffs should be employed for 
this purpose, and the optimal pattern of tax rates across sectors will be uniform.

Whiist the arrangements for sectoral or discretionary exemption were proposed as part of the 
structure of the Community-wide tax, impiementation of the exemptions would, inevitably, have 
been undertaken by the national authorities, and, especiaiiy in the case of seiective exemption of 
firms, might have provided considerable scope for national authorities to ease the burden on 
national producers. Designing the arrangements for exemption in such a way as to minimise the 
amount of national discretion in their application is obviously desirable, if they are not, in effect, to 
become a route for seiective subsidy of certain sectors. Detailed EU coordination of the carbon 
tax is then cieariy helpful, not only in reducing the need for such exemptions, but also in constraining 
the circumstances and form in which they are made.

2.4 "Downwardcompetition".

A second possible source of economic spiiiovers from national environmental policy relates to the 
possibility that cross-country economic considerations might induce countries to set 
inefficiently-low standards of environmental protection for environmental problems which are purely 
national in character. Might countries be tempted, for example, to tolerate lax environmental 
standards in order to attract foreign direct investment, or in order to enhance the international 
competitiveness of their existing exporters - a policy sometimes referred to as "environmental 
dumping"?

There is, indeed, evidence that environmental policies in the industrialised countries may have 
affected the international pattern of economic activity. Hettige, Lucas and Wheeler (1992), for 
example, observe that the output of pollution-intensive activities grew more rapidly during the 
previous two decades in iess-deveioped countries (LDCs) than in the industrialised countries, and 
argue that this may have refiected relocation to LDCs as a result of the tightening of environmental 
standards in developed countries. Rauscher (1995) summarises the results of a number of other 
empirical studies on the same topic. However, the key issue in assessing the efficiency of poiicy 
is not whether relocation has or has not occurred, but whether, in response to relocation or the 
threat of relocation, policy-makers have been induced to set environmentai standards which do 
not reflect the true wiilingness-to-pay of their residents for environmental quality.

In an early discussion of this issue Cumberland (1981) argued that economic competition may 
induce countries, acting alone, to choose inefficiently-iow standards of environmental protection, 
and that international agreements should therefore set a floor to national levels of environmental 
protection, to prevent considerations of economic competitiveness inducing a process of downward 
competition in environmentai standards. This line of argument would then imply that there may be 
a role for the EU in agreeing minimum standards of environmentai protection, even for problems
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which Involve no cross-country environmental spillovers. However, a growing theoretical literature 
on environmental standards and international economic competition has emerged in recent years®, 
the results of which have substantially undermined Cumberland’s poiicy prescription.

Oates and Schwab (1988), on the other hand, have set out a formal model in which economic 
competition between independent jurisdictions does not result in excessively-low standards of 
environmentai protection. The model is one in which there is perfect competition, and countries 
compete with each other for an internationaily-mobile capital stock through the standards that they 
set for permitted pollution levels. By setting less stringent environmentai standards the country 
may be able to attract more investment. The advantage to countries of attracting more capital is 
the impact of a higher capital stock on wage levels in the country; the disadvantage is the lower 
environmental quality that the country has to accept in order to attract more investment. The country 
thus faces a tradeoff between income and environmental quality, and in the first-best case where 
there are no existing distortions, and where all residents share the same interests, wouid choose 
to set environmentai standards at the point on this tradeoff where the marginal gain in income from 
more investment is just equal to the marginal willingness to pay for greater environmental quality. 
In this case, internationai economic competition does not induce countries to set inefficiently-lax 
environmentai standards.

Oates and Schwab note, however, that in some second-best circumstances environmental 
competition might lead to downward pressure on standards. One would be where taxes on the 
internationally-mobile capital were needed to finance public expenditures. Another wouid be where 
residents’ interests differed, and where poiicy-making was dominated by those with greater 
preference for income than for environmentai quality; the opposite outcome wouid arise where 
policy was dominated by those with less interest in wage levels than in environmentai quality.

Long and Siebert (1991 ) discuss a similar process of competition in the large-country case, where 
environmental standards could affect the incomes of mobile factors of production. They conclude 
that in these circumstances countries will select lax or stringent environmentai poiicies, depending 
on their interests in the rate of return to mobile factors of production. A capital rich country wouid 
tend to keep environmental standards low, in order to raise the rate of return on capital, whilst a 
capital-poor country would do the opposite. As a result of the attention paid in the countries’ poiicy 
decisions to the effects on factor returns, the outcome is not Pareto-efficient.

Hoei (1994a) observes that under "ideal conditions", including the absence of any other (ie 
non-environmentai) market failures, there is no need for internationai coordination of policies 
towards environmental problems which do not involve international environmental spillovers. 
However, the presence of various forms of market failure, affecting for example the markets for 
labour or output, may mean that uncoordinated policy results in inefficient levels of environmental 
protection being selected. Hoel (1994a) shows an example with a non-ciearing labour market 
where, in order to prevent a fall in employment governments adopt inefficiently-iow environmental 
standards. Barrett (1994) discusses a model where firms have product market power. The model

6 See the survey by Ulph (1994b).
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is one of Cournot oligopoly, with each producer located in a different country; the output is sold to 
a country outside the group of producers. The efficient outcome would be one in which each country 
set an environmental standard so that the marginal cost of abatement equals marginal 
environmental damage, but countries instead set standards lower than this, in order to increase 
the profits of their own producer (by reducing the share of total output produced by the other firms). 
Changes to the specification of the model, however, result in different conclusions. Barrett shows 
that if a direct production subsidy is permitted this dominates the degradation of environmental 
standards as a method of promoting the country’s producer’s profits. Also if there is more than one 
firm in each country, there is less incentive to weaken environmental standards, and indeed the 
country may wish to set inefficiently-high standards.

A number of other papers, including Markusen, Morey and Olewiler (1993, 1995), Ulph (1994a), 
Hoel (1994b) and Rauscher (1995), consider similar issues in the context of models of 
non-competitive markets with increasing-returns technologies and endogenous location. 
Markusen, Morey and Olewiler (1995), for example, model the location decisions of mobile polluting 
firms with a technology exhibiting increasing returns to scale, and consider the Nash equilibrium 
resulting from the income and environment choices of competing governments. In this model, the 
number of firms is endogenous, and the possibility of changes in the number of firms means that 
the relationship between the stringency of domestic and foreign environmental policy and the 
domestic country’s welfare may be discontinuous at some points. They show that, in contrast to 
the perfectly-competitive model of Oates and Schwab, the uncoordinated decisions of competing 
governments could lead to inefficient outcomes. The direction of this effect is not always the same. 
In some circumstances, the outcome may involve tolerance of excessive levels of pollution. In 
other circumstances, which Markusen, Morey and Olewiler refer to as the NIMBY 
(not-in-my-back-yard) case, the opposite can happen, and the equilibrium may involve excessive 
restriction of pollution, and a smaller number of firms than in the optimum.

To summarise the implications of the above for EU policy, whilst it is possible to find theoretical 
models (especially models involving imperfect competition) in which member states might apply 
inefficiently-low standards of environmental protection due to their concern for economic spillovers 
arising through trade or direct investment, such results are sensitive to the precise specification 
of the models concerned; In some cases, the opposite effect may even arise. There is not, therefore, 
a general case for the EU, or international agreements, to specify minimum standards of 
environmental protection, or minimum levels of environmental taxes, for problems which do not 
involve cross-country environmental spillovers.

3 Integration with other EU poiicies

Much of the EU’s initial role in environmental policy arose through the environmental aspects of 
other areas of policy - agriculture, transport, the regulation of the internal market, etc. In particular, 
policies for the development of the internal market have had considerable influence on the 
development of environmental taxes within the EU. These have included EU efforts, as discussed 
in Section 2.3, to limit indirect protection arising through national environmental policies. Also,

68



2. Role of EU In Environmental Taxation

removal of border controls within the internal market has constrained the administration and 
enforcement of certain types of environmental taxes at the national level; the scope for member 
states to set differing levels of environmental excises on goods is limited by the free movement of 
goods across borders, whilst fiscal deposit-refund arrangements at the national level may require 
special controls if they are not to be undermined by cross-frontier movements of goods. A third 
way in which internal market policy has affected the relative involvement of the EU and member 
states in environmental taxation has been where the EU has tried to regulate tax competition by 
setting limits on member states’ tax rates for certain commodities. EU rules on the taxation of motor 
fuels, for example, have inevitably expanded the EU’s involvement in the environmental dimension 
of transport taxation.

Over and above these developments, there are important questions about the interdependence 
of assignment decisions in the future evolution of the EU. Assignment of responsibility for 
environmental tax policy clearly needs to reflect decisions taken about assignment of other areas 
of policy. In principle, environmental tax policies need to be coordinated both with other 
environmental policies, and with other fiscal policies. In an ideal world, the level of environmental 
taxes would be set with regard to the economic costs and environmental benefits of a particular 
tax level, and with regard to the marginal excess burden of raising revenue through other fiscal 
instruments. However, perfect coordination of environmental taxes with both environmental and 
fiscal policies may not be feasible. Where these are assigned to different levels within the EU (eg. 
fiscal policy to the national governments of member states, and environmental policy to the Union, 
or vice versa), it will be inevitable that the assignment of responsibility of environmental taxes will 
result in better coordination with one of these related decisions, and poorer coordination with the 
other. A choice then has to be made, either of poor coordination between environmental taxes and 
other environmental policy, or between environmental taxes and other fiscal policy.

A similar issue of coordination, discussed by Oates (1991), arises in the single-country context, 
where a choice has to be made of the government agency to be given responsibility for 
environmental taxes: should environmental taxes be the responsibility of the Finance Ministry, so 
that they can be coordinated efficiently with other elements of tax policy, or should they be under 
the control of an environmental ministry or agency, so that they can be coordinated with other 
environmental policies? Either assignment is liable to have some costs; Oates recommends a split 
assignment, in which the determination of the structure and rate of environmental taxes should be 
under the control of environmental policy-makers, whilst the revenue should accrue to the general 
exchequer, rather than to the environmental agency’s budget. Oates’ argument rests on the 
observation that the range of instruments available to fiscal policy-makers for revenue-raising is 
wide, so that setting environmental taxes without regard to considerations of efficient 
revenue-raising is unlikely to significantly increase the aggregate excess burden of taxation. On 
the other hand, the range of alternative environmental policy instruments is smaller, and setting 
the level of environmental taxes with principal regard to their revenue rather than environmental 
effects is likely to lead to appreciably sub-optimal environmental policy outcomes. Nevertheless, 
whilst it may be more efficient to locate responsibility for setting the rate of environmental taxes
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with the environmental policy authorities, there would be a risk of inefficiency if they derived budget 
revenues from the environmental tax; the agency’s budgetary needs might encourage it to set an 
excessive tax rate, from the environmental point of view.

This line of argument might also be used to suggest that priority should be give to assigning policy 
responsibility for environmental taxes in the EU to the same level as the assignment of 
environmental policy, so that an efficient balance can be drawn between environmental taxes and 
other environmental policy instruments; coordination with fiscal policies is less critical. In some 
cases, of course, where both environmental and fiscal policies are assigned to the national level, 
the issue does not arise. But in the case of global warming policies, efficient coordination of tax 
and non-tax instruments demands that the tax rates should not be determined by the national fiscal 
authorities, but should be determined in conjunction with other environmental policy measures 
relating to global warming.

As in the EU carbon tax proposal, however, there should be no presumption that the revenue 
should be assigned to the same level of government responsible for determining the rate of the 
environmental tax. In general it is probably desirable that the revenue from environmental taxes 
should accrue to member states rather than the EU, regardless of the assignment of responsibility 
for the environmental tax rate. Since member states have many other potential revenue sources, 
they are unlikely to seek to drive environmental tax levels beyond the level which is efficient from 
the point of view of environmental policy (and general revenue-raising efficiency); the EU, on the 
other hand, which is highly constrained in terms of budgetary resources, might well be inclined to 
seek to increase environmental taxes above the efficient level, if the revenues from such taxes 
accrued to the EU budget.

4 Conclusions

As in Chapter 1, the analysis of this chapter has taken as its starting point the principle of subsidiarity, 
which now governs the respective roles of the European Union (EU) and the national governments 
of its member states. It has drawn on the theory of "fiscal federalism", in which both policy spillover 
effects and administrative scale economies provide grounds for some form of higher-tier 
involvement. Following Gatsios and Seabright (1989), the discussion has placed greater emphasis 
than conventional theories of fiscal federalism on the significance of "credibility" and administrative 
discretion in determining how far policy coordination is an adequate response to spillover effects, 
and how far higher tier assignment is required.

In applying the theoretical framework to assess the extent to which the EU should become involved 
in issues of environmental taxation, the paper draws a distinction between the assignment of policy 
responsibility and the assignment of administrative implementation. One interpretation of the 
implications of subsidiarity for environmental policy that has had some currency is that the EU may 
have a valid role in setting environmental targets, but not in choosing the method or details of 
implementation. The paper has argued that this distinction is unsustainable; for a number of
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reasons, including the "credibility" issues raised in section 1, the EU should have a substantial and 
legitimate interest in the form of environmentai policy (eg in the choice between environmentai 
taxes and regulation) as well as in its targets and objectives.

Section 3 of the paper has considered the reiationship between environmentai tax poiicy and other 
poiicy assignment decisions. The paper has argued that environmentai tax policies need to be 
coordinated both with other environmental poiicies, and with other fiscal policies. Where these are 
assigned to different levels within the EU (eg. fiscal policy to the nationai governments of member 
states, and environmentai policy to the Union, or vice versa), it will be inevitable that the assignment 
of responsibility of environmental taxes will result in better coordination with one of these related 
decisions, and poorer coordination with the other, it is argued that the decision about environmentai 
tax rates should be taken by the level of government responsible for other, related, environmental 
policies, whiist the revenues from environmental taxes should accrue in general to member states 
in preference to the EU.
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Introduction

Environmental policies in the UK and other industrialised countries have to address an increasing 
range of concerns. These inciude not just the iong-standing problems of controlling localised 
pollution from industrial effluents, but also more recently-recognised problems of international 
pollution (e.g. acid rain) and global ecological balance, especially the risks of damage to the ozone 
layer and of an accelerated "greenhouse effect". These new problems call, in many cases, for 
extensive and - in some cases - costly changes to the existing patterns of production and 
consumption, and for major new investments in pollution controi. The search for policy instruments 
that can achieve the necessary adjustments at least economic cost has brought renewed attention 
to the potential benefits of using market mechanisms in environmental policy - incentives to 
encourage the private sector to make decisions which are less damaging to the environment\

This survey paper reviews the possible contribution that taxation could make to the efficient 
achievement of environmental policy objectives. The paper is in seven sections. The first section 
describes the main ways in which tax instruments have been employed in environmental policy, 
and identifies in particular three types of environmental tax measure - "Pigouvian" taxes on polluting 
emissions, "approximations" to Pigouvian taxes, and cost-sharing or "mutualisation" taxes. The 
main issues raised by each of these three types of fiscal instrument are then discussed in turn in 
Sections 2 to 4. Section 5 surveys empirical studies of the effects of various possible environmental 
taxes, including the burgeoning empirical literature on a carbon tax. Section 6 then considers 
environmentai taxes in the context of public finance, and surveys the arguments over the 
distributional and revenue aspects of environmental taxes. In Section 7 some conclusions are 
drawn, identifying the main areas where the debate in the literature appears to have found scope 
for a useful fiscal dimension to environmental policy.

1 Types of environmental tax

Within the broad heading of environmental tax Instruments, a number of distinct types of measure 
may be identified.

- Measured emission taxes. This group of market-based instruments are those which involve tax 
payments which are directly related to metered or measured quantities of polluting effluent. A tax 
per unit of measured pollution output of this sort conforms most closely to the type of tax envisaged 
in the early discussion by Pigou (1920) of the correction of externalities. In European countries, a 
number of instances can be found of taxes on measured polluting emissions; whilst some are set 
at a very low level, others are levied at rates liable to have a substantial impact on polluter behaviour, 
and to raise significant revenues (Opschoor and Vos, 1989). In the USA, although a number of

1 For recent surveys of the case for market mechanisms in environmental poiicy see Helm and Pearce (1990), 
Nicolaisen, Dean and Moeller (1991) and Muzondo, Miranda and Bovenberg (1990).
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examples of such taxes can be found, recent policy has tended to make greater use of marketable 
permits in applications where some form of market-based environmental mechanism could be 
employed.

Measured emission taxes have generally tended to be considered as an alternative to 
"command-and-control" systems of pollution regulation, and in section 2 we set out the main 
considerations identified in the choice between regulatory policies and environmental taxes. 
Section 2 also briefly considers the merits of emissions taxes in comparison to two other possible 
market-based instruments, subsidies and tradeable permits.

- use of other taxes to approximate Pigouvian taxes. Changes in the rates of indirect taxes 
(excise duties, sales taxes, or value-added taxes) may be used as an indirect alternative to the 
explicit taxation of measured emissions. Goods and services which are associated with 
environmental damage in production or consumption may be taxed more heavily (e.g. carbon 
taxes, and taxes on batteries and fertilisers) whilst goods which are believed to benefit the 
environment may be taxed less heavily than their substitutes (e.g. the reduced taxes on lead-free 
petrol).

Under this heading we may also include various tax expenditures designed to provide incentives 
to reduce pollution. For example, the direct tax system, particularly accelerated depreciation 
provisions in corporate taxation, may be used to provide incentives for the installation of certain 
types of pollution control equipment etc.

The scope for restructuring of indirect taxes for reasons of environmental policy can be wide. 
Sometimes, new taxes have been introduced, or other tax changes have been made, to achieve 
a specific environmental objective, and have been explicitly identified as "environmental taxes". 
Increasingly, however, policy towards the structure of existing indirect taxes on goods such as 
energy, vehicles and motor fuels is taking account of environmental concerns, and the evolution 
over time of the level and structure of existing indirect taxes is being shaped by environmental 
concerns.

This group of tax instruments where fiscal restructuring is used as an indirect "proxy" for pollution 
measurement raises a rather wider range of issues than the taxation of measured emissions - 
including questions of integration and compatibility with existing tax policies and administrative 
procedures. The debate over these issues is assessed in section 3.

- "Mutualisation taxes”. In many cases environmental taxes have in practice been used principally 
for purposes of revenue-raising, rather than to provide incentives to reduce polluting emissions 
(Opschoor and Vos, 1989). Where environmental taxes have been employed in this way, it has 
generally been to raise revenues for particular public expenditures related to environmental 
protection - for example, to recover the costs of administering a system of environmental monitoring 
or regulation, or to pay for public or private expenditures on poliution abatement measures. Thus, 
for example, in France a number of specific taxes on polluting emissions - most notably on water 
pollution - raise revenues which are earmarked according to a "principle of mutualisation" to 
expenditures on pollution abatement which benefit the taxpayers of the tax concerned. Similar
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earmarked pollution taxes are to be found in a number of other countries, with the principal aim of 
raising revenues for particular purposes; the taxes concerned may or may not also have an incentive 
effect on the level of polluting emissions.

2 Pigouvian taxes

The need for public intervention to control environmental pollution arises because of the 
"externalities" involved in pollution - the costs that the polluting individual or firm imposes on other 
members of society.^ Without government intervention, a polluter may have no reason to take 
these external costs into account. Decisions about the level of production and consumption activities 
which give rise to pollution, about the choice of technology, the use of pollution abatement measures 
and the disposal of waste products will then all be taken purely on the basis of the "private" costs 
and benefits to the individual polluter. In particular, the atmosphere and water systems may be 
treated as free methods for disposing of unwanted waste products, despite the fact that unrestricted 
pollution of the atmosphere, or of ground water, rivers and seas, may impose costs on other firms 
or individuais.

Environmental policy needs to draw a balance between the costs of pollution and the costs of 
controlling pollution. Whiist there may be some forms of poliution which it would be desirable to 
eliminate entirely, this will generally be the exception rather than the rule. Ideally, pollution should 
be restricted up to the point where the benefits to society as a whole from further reductions in 
pollution are less than the costs of controlling pollution through the instaiiation of control devices 
or the curtailment of polluting activities. In economic terms, therefore, pollution should be controlled 
up to the point where the marginal cost of further abatement measures just outweighs the gain 
from reduced emissions.

For a single polluting firm (for example, a firm discharging organic matter into a river) we can draw 
Marginal Abatement Cost (MAC) and Marginal Damage Cost (MDC) functions as shown. The 
marginal abatement cost will generally rise (strictly will not fall) with more stringent control, since 
the MAC curve assumes a ranking of measures, such that the least costly are implemented first. 
Often the marginal damage cost will also rise with emissions, reflecting a tendency for large amounts 
of pollution to cause proportionately greater damage to the environment than small amounts of 
pollution. This might be the case if the environment has some natural assimilative capacity - as in 
the case of the ability of water systems to assimilate organic matter. In the diagram, E* represents 
the efficient level of pollution control. At E*, the marginal abatement cost and marginal damage 
cost are equal, at a level C*.

In theoretical terms, the appropriate level of abatement is achieved where the marginal social cost 
of reducing pollution by an additional unit is equal to the marginal social benefit of a one unit 
reduction in pollution. Achieving this level, whether through tax policies or through other measures.

2 See Comes and Sandler (1986) for a theoretical treatment of externalities and Newbery (1980) for a survey of policy 
approaches to externalities. The definition of externalities is far from straightfonward; see Meade (1973) and Arrow 
(1970) for contrasting views.
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Figure 1.
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requires information on both the structure of marginal abatement costs and marginal damage costs. 
As the recent survey by Cropper and Oates (1992) shows, considerable progress has been made 
in recent years in refining the methods for obtaining the information needed to determine the optimal 
level of pollution abatement. Extensive research has, for example, been undertaken into the 
valuation of marginal environmental improvements, using both indirect inference from the market 
prices of housing and other commodities affected by environmental conditions, and direct survey 
evidence ("contingent valuation") of the values which individuals place on environmental 
improvements. Johansson (1990) discusses the degree of convergence of estimates obtained 
using the range of available methods, and considers explanations for some of the observed 
discrepancies.

In practice, the context for many environmental policy decisions is already more tightly defined 
than in the above analysis of "optimal" pollution control. Many countries have already undertaken 
quantitative commitments to reduce greenhouse gas emissions, for example, and may wish to use 
environmental taxes to achieve these targets. In these circumstances, the main issue concerns 
the scale of the response to tax changes, in terms of the price elasticity of demand for the taxed
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products. Although there may be considerable uncertainty about the magnitude of these elasticities, 
measures can always be implemented on a gradual basis, increasing tax rates until the desired 
quantitative response is achieved^

2.1 Market mechanisms versus regulation

In principle, any given pattern of pollution reduction could be achieved either by regulations 
restricting emissions to a given level, or by use of market mechanisms such as pollution taxes and 
charges, to provide an appropriate incentive to reduce emissions to the same level. Thus, in Figure 
1, a charge of C* per unit of poilution could be used to reach the optimal level of emissions E*, or 
regulations could require the polluter to abate emissions to the same level. However, whilst charging 
mechanisms and regulations can be used to equivalent effect in the context of this simple example, 
in practice there both advantages and disadvantages to the use of emissions taxes.

(i) Static cost minimisation. The costs of reducing polluting emissions may in practice vary 
between polluters for a variety of reasons. Different firms may use different technologies, some of 
which may be more able to accommodate reductions in polluting emissions than others. Similarly, 
the costs to individual households of reducing their use of particular polluting products may vary 
as a result of differences in tastes or individual circumstances. An efficient pollution abatement 
policy would seek to reflect these Individual differences in abatement cost, and would concentrate 
reductions in pollution where they can be achieved at least cost.^ Empirical studies of the costs of 
poliution abatement using different abatement rules, summarised by Tietenberg (1990), show that 
the gains from efficiently allocating emission reductions between polluters can be substantial. In 
a study of the cost of achieving strict abatement standards for nitrogen oxide pollution in Baltimore, 
USA, Krupnick (1986) shows that efficient abatement would involve about one sixth of the cost of 
uniform reductions in pollution imposed using command-and-control. Similar large gains from the 
efficient pattern of abatement, compared to uniform regulatory requirements, are found by other 
key empirical studies including Atkinson and Lewis (1974) and Seskin, Anderson and Reed (1983).

The principal argument in favour of emissions taxes or other market-based approaches to pollution 
control is that they are more likely to achieve an efficient allocation of pollution abatement across 
polluters than is a policy based on regulation. Extensive information about individual costs and 
circumstances would be required for a regulatory authority to allocate pollution abatement efficiently 
across individual polluters, and regulatory policies will tend to have to rely on rules which can only 
approximately reflect individual circumstances. In contrast, using the price mechanism in the form 
of a tax per unit of emissions economises on the information needed - those polluters with the 
lowest abatement costs in effect "select themselves" in response to the signal provided by the tax.

3 It should be noted, however, that it will not always be possible to use a trial and error process of this sort to discover 
the information about marginal abatement costs needed to set an environmental tax at the optimal rate, since polluters 
may respond strategically in these circumstances.
4 In addition, an efficient pattern of response to pollution problems might involve relocation by firms or households; 
White and Wittman (1982) discuss the possible contribution of pollution taxes to efficient location decisions. It has been 
recognised that certain types of abatement and defensive measures can complicate greatly the achievement of an 
optimal level of pollution abatement (Coase, 1960; Shibata and Winrich, 1983).
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(ii) Dynamic Incentives for innovation. In addition to these "static" cost-minimisation properties 
of emissions taxes, taxes and other environmental market mechanisms may also provide a 
"dynamic" incentive for the development of further cost-effective methods of pollution control. The 
source of these dynamic improvements is the fact that, even at the static optimum, the 
environmental tax continues to be paid on remaining units of emissions - thus providing an incentive 
to search for technological innovations that will reduce still further the optimal level of emissions 
(Wenders, 1975; Magat, 1978; Milliman and Prince, 1989).

Emissions taxes® will give a greater incentive for such innovations than command-and-control 
regulations, which merely constitute an incentive for the minimum necessary compliance. However, 
it is not clear whether emission taxes, alone, can be expected to secure the first-best level of 
innovation. Carraro and Topa (1991) show a model in which emissions taxation leads to less than 
the first-best level of environmental innovation.®

(Hi) Vulnerability to regulatory failure. Market instruments such as emissions taxation may be 
less exposed to the risk of regulatory "failure" than certain forms of quantitative regulation. One 
important source of regulatory failure is the asymmetry of information between regulators and their 
subjects (Vickers and Yarrow, 1988). Where a substantial amount of information about the 
circumstances or characteristics of individual firms is required to implement a particular policy, the 
firms may be in a strong position to control the flow of information to the regulator in such a way 
as to significantly affect the way the policy is applied. Although there may be little difference between 
a uniform rule on emissions levels (e.g. one setting an upper limit to emissions) and an emissions 
tax in the amount of information required for administration and enforcement, a regulatory policy 
which sought to take more account of the circumstances of individual firms would be much more 
vulnerable to regulatory failure. The efficient allocation of emissions abatement between firms 
depends on the marginal costs of abatement to each firm, and this information can only be obtained 
by the regulator from the firms themselves.

(iv) Revenues. The revenue raised from emissions taxes may be regarded as an additional benefit 
from their use, in that it may reduce the amount of revenue which has to be raised from existing 
taxes, and hence reduce the net aggregate deadweight loss from raising public revenues (Terkla, 
1984). At the same time, however, as discussed in section 6, there are also issues about the burden 
of the tax payments on households or firms, and their distribution, to be taken into account.

(v) Monopoly. Buchanan (1969) discusses a possible limitation of environmental taxes in 
circumstances where polluting firms have a degree of monopoly power. Where companies have 
market power, they may reduce output below that which would occur in perfect competition, in 
order to maintain higher prices. An environmental tax raises the marginal cost of production and 
consequently a monopolist will reduce output even further, away from the social optimum. An

5 Tradeable permits, whether auctioned or distributed free, will also provide a similar Incentive for Innovation, since the 
necessary permits have a cost or opportunity cost to any source which continues polluting. However, depending on the 
rule for permit Issue over time, this incentive could be less than with an emissions tax (Maleug, 1989). This result arises 
because the firm which Innovates reduces the aggregate demand for permits, and thus reduces the value of any permits 
which It holds.
6 There are, of course, well-known "public good" arguments for the subsidy of R&D, especially of fundamental research.
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environmental tax set at a level that would lead to an efficient amount of pollution abatement by 
firms in a competitive industry will typically not be efficient if applied to a monopoly. In an empirical 
investigation of the significance of this argument, however, Oates and Strassmann (1984) found 
that the welfare costs of output restriction by monopolies were rather small and the inefficiencies 
in Pigouvian taxation from this source consequently unimportant.

(vi) Non-uniform damage. Where the concentration of pollution, either in particular localities or 
over certain time periods, is of importance, more complex forms of tax instrument will be needed 
than where the concentration of pollutant emissions is irrelevant.^ A straightfonward tax per unit of 
effluent discharge (or, more generally, pollutant emitted) would not discourage geographic or 
temporal concentrations of pollution, whilst at the same time it could mean that firms in areas where 
pollution was less damaging might be charged more than the value of the damage created. Where 
policy is, nonetheless, constrained to use only uniform taxes, there is then a straightfonward tradeoff 
between the efficiency gain from taking into account the diversity of abatement costs, and the 
efficiency costs of inadequately differentiating between polluters with different marginal abatement 
benefits (Seskin, Anderson and Reid, 1987). A number of papers have considered the use of zoned 
taxes or other non-linear tax systems to reflect the fact that pollution in particular localities or at 
certain times causes greater damage (Tietenberg, 1978; Kolstad, 1987).

One case where determination of the appropriate time profile of tax rates is particularly complex 
is that of a carbon tax, used to control greenhouse gas emissions. One reason for this is that the 
problem is one of a stock externality; the damage relates primarily to the total stock of greenhouse 
gases in the atmosphere rather than to the rate of emissions (Nordhaus, 1991). Also, as Sinclair 
(1992) observes, the choice of a tax profile is further complicated by the fact that the fuels concerned 
are an exhaustible resource. Policy measures to regulate the rate at which the resource is depleted 
will need to take account of the natural changes overtime in the pricing of the resource, reflecting 
its scarcity. Sinclair’s conclusion that, in steady state, the optimal carbon tax rate should decline 
over time is challenged by Ulph, Ulph and Pezzey (1991), who argue that a steady state will in 
general not arise, and that in many cases the optimal carbon tax will rise initially, and then fall as 
the exhaustion constraint starts to bite,

2.2 Pollution taxes versus subsidies

In principle, subsidies can be used to provide a similar incentive to reduce pollution to that provided 
by a tax or charge on each unit of pollution. A subsidy, on each unit of pollution abafemenfcompared 
with the existing situation, would lead individual polluters to reduce pollution by the same level, 
and make the same choice of technology as they would if faced with a tax at the same level on 
each unit of pollution.

There are, however, four principal points of difference between the use of incentive mechanisms 
based on subsidies and mechanisms based on taxes and charges.

7 Cases where the geographical concentration of pollution Is of no concern at all are rare; the emission of 0 0 2  (and Its 
Impact on global warming) probably provides the only significant practical example.
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(i) Definition of the subsidy baseline. Since the equivalent subsidy has to be paid on each unit 
of pollution abated, rather than on each unit of pollution emitted, It Is necessary to define a baseline 
level of emissions against which current emissions will be compared. In principle, this requires a 
complex "counterfactual" assessment of what would have happened In the absence of policy. A 
more stralghtfonward alternative, using the emission levels at the start of the policy as the baseline 
may Initially be a reasonable approximation, but would become Increasingly out-of-date; In addition, 
as Kamlen, Schwartz and Dolbear (1966) point out It could encourage polluters to Increase pollution 
at the outset, to qualify for higher subsequent subsidy.

(ii) Effects on entry and exit. Whilst taxes and subsidies can provide the same Incentive at the 
margin, as Bramhall and Mills (1966) observe they have different effects on the level of profits 
earned by polluters. This may affect the evolution over time of the Industry structure, since the 
pollution abatement subsidy could reduce the rate of exit from the Industry. Whilst the reduction 
In exits (e.g. bankruptcies) may be seen as having political advantages. It has the unhappy 
consequence that the level of pollution from the Industry as a whole could actually rise. If policy 
was based on pollutlon-abatement subsidies rather than pollution taxes.®

(iii) Public expenditure. One obvious difference Is that subsidies add to public expenditure, and 
thus require other taxes to be raised to finance them, whilst pollution taxes raise tax revenue, and 
thus permit other taxes to be reduced. The potential value of the revenues from environmental 
taxes Is discussed In detail In section 6.

(iv) Concealed protection. One Important practical consideration which counts against the use 
of subsidies In environmental policy Is the risk that over time these subsidies may come to constitute 
a form of protection for the Industries concerned. The appropriate level of subsidy to reflect 
environmental objectives may be difficult to define with any precision, and the appropriate pattern 
of payment across firms may, as argued above, rest on a number of difficult judgements. In these 
circumstances, the borderline between justified and unjustified subsidy may be blurred, and It may 
be relatively easy for protectionist pressures to lead the subsidy to be Increased. Such Indirect or 
concealed protection In the guise of environmental policy has been the focus of discussions In a 
number of International fora. Amongst the countries of the OECD It has been a major reason for 
the adoption of the Polluter Pays Principle (PPP), which Is based on the most readlly-verlflable 
rule, a baseline of zero subsidy In environmental policy (OECD, 1974).

On the other hand, Bovenberg (1992) argues that subsidies may In some circumstances be 
promising Instruments for unilateral environmental policy, since they will lead to smaller changes 
In the pattern of trade and factor flows than environmental taxes, and will thus Involve smaller 
economic adjustment costs. This argument for the use of subsidies Is perhaps strongest In the 
context of the gradual adoption by countries of policies to control an International environmental 
externality. For example, the temporary Impact of the unilateral Introduction of a carbon tax on the

8 See Baumol and Oates (1988), Chapter 14, for further discussion. Pezzey (1992) discusses the conditions under 
which a scheme including subsidies would achieve efficient abatement and efficient entry/exit decisions.
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trade of the country which moves first may be iarge; a poiicy based instead on subsidy wouid 
reduce the need for trade to adapt to what the "first movers" hope is oniy a temporary situation, 
before other countries have adopted simiiar measures.®

2.3 Pollution taxes versus tradeable permits

US poiicy towards market instruments in environmental policy has evolved in a rather different 
direction to that taken in Western Europe. Little use has been made of emissions taxes in the US, 
but there has been considerable interest in the use of systems of tradeable pollution permits, 
including a much-documented river pollution application in Wisconsin (O’Neil etal, 1983), permit 
trading for lead in petrol, and extensive scope for emissions trading in various parts of the air 
pollution control systems. There has been some discussion of the reasons why US policy has 
evolved in this distinctive direction (Burtraw and Portney, 1991), and extensive consideration of 
practical lessons that can be derived from US experience (see, e.g. Tietenberg, 1990).

The principal theoretical consideration in the choice between taxes and tradeable permits relates 
to the impact of uncertainty. Where policy can be based on complete information about both the 
costs and benefits of pollution control, a chosen optimal level of pollution abatement can be attained 
either using quantity-based instruments (such as tradeable permits), or using price-based systems 
of regulation (charges or taxes). Important differences emerge, however, between quantity and 
price-based regulation in how the outcomes are affected by uncertainty about the costs and benefits 
of abatement (Weitzman, 1974).

A system of tradeable permits guarantees the quantitative reduction in pollution, but at uncertain 
cost, whiist a price-based mechanism such as an environmentai tax has an uncertain impact on 
the quantity of emissions, but fixes the marginal cost to polluters of emission controls. The choice 
between the two types of environmentai market mechanism, thus turns on whether policy error 
regarding the costs of pollution control would be more damaging than uncertainty about the 
quantitative reduction in pollution.

The practical experience of tradeable permits also suggests one other major problem area, which 
is the efficiency of the permit market. These have tended to be thin, and the supply of permits for 
trading, in particular, has been small, perhaps because the rules of the schemes have been too 
vague about the long-term rules for permit allocation, and have imposed various restrictions on 
permissible trades (Hahn, 1989). Permit trades will also not take place at the efficient level if 
polluters are large, and can affect the price at which permits are traded (Hahn, 1984; Misioiek and 
Elder, 1989).

On the other hand, permits have the attraction that they can be introduced without significantly 
increasing the average financial burden on existing polluters by a system of "grandfathering" - a 
free distribution of permits to existing polluters. This may, it is suggested, ease acceptance

9 Similar arguments can be made for using regulation or "grandfathered" tradeable permits Instead of taxes In these 
situations.
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compared with taxes and charges where there may be public scepticism about any commitment 
to use revenues to compensate, on average, those Industrial or social groups affected by the 
introduction of an environmental tax/° Issues of tax burden and compensation with environmental 
taxes are discussed in more detail in section 6.

3 Approximations to Pigouvian taxes

The environmental tax instruments discussed in the previous section were payments directly related 
to polluting emissions - for example the taxes operated by some countries for effluent discharges 
into rivers; the tax is directly related to polluting emissions, in the sense that the amount of tax paid 
depends on the quantity emitted, and hence on the amount of pollution caused. In this section we 
consider an alternative group of environmental taxes based on an Indirect relationship between 
the amounts paid in tax and the environmental problem which the tax seeks to influence. This 
group of environmental tax measures would include, for example, changes in the rates of taxation 
on petrol, introduced for environmental reasons. In such a case, the incentive to reduce polluting 
emissions takes an indirect form, in that the tax is not levied directly on the quantity of emissions, 
but instead is levied on a base which is assumed to be linked in some dependable relationship to 
the amount of pollution caused.

Both types of environmental tax have a role to play in environmental policy. The choice between 
a tax directly related to emission quantities, and a tax which is more Indirectly linked to the pollution 
it aims to control will depend on considerations of two sorts, administrative cost and "linkage". 
Broadly speaking, as McKay, Pearson and Smith (1990) argue, there is likely to be a tradeoff 
between lower administrative cost and better linkage; In many cases, environmental taxes based 
on measured emissions will have higher administrative costs than taxes which are levied on some 
other base, but will be better linked to the amount of pollution caused, and will thus provide a more 
precisely-targeted incentive to reduce pollution. The balance between these two considerations 
is, however, likely to differ from case to case.

3.1 Administrative cost

The administrative costs of any new tax will normally be greater, the less scope there is for the tax 
to be incorporated in existing systems of administration and control. Where the assessment, 
collection or enforcement of the tax can be "piggy-backed" on to corresponding operations already 
undertaken for existing taxes, the costs of an environmental tax measure may be significantly less 
than where wholly - new administrative apparatus and procedures are required.

The vast majority of existing taxes are levied on transactions - the value of goods and services 
sold, the value of incomes paid or received, etc. The scale economies that can be achieved from 
administrative integration of environmental taxes are likely to be greatest where environmental

10 Pezzey (1988,1992) points out that polluters may believe themselves to have de facto "property rights' In their 
current pollution, and that grandfathering may simply reflect this situation.
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taxes, too, are levied In a form based on transaction values. Thus, for example, the differentiation 
of the rates of existing taxes (which may be seen as the limiting case of a tax reform closely 
compatible with existing tax administration) may gain considerably from combined administration. 
On the other hand, there are likely to be few gains from combining the administration of a tax on 
measured emission quantities with existing transaction-based taxes.

It is necessary to bear in mind that most administrative piggy-backing is unlikely to be wholly 
costless from the point of view of the administration of existing taxes. Greater complexity is likely 
to increase administrative costs in ail areas - though the extent of this will depend on the existing 
degree of complexity in the tax structure.

New environmental taxes based on measured emissions quantities will require, as a minimum, 
the additional costs to be borne of a system for the assessment or measurement of the emission 
quantities on which the tax is to be levied. These costs will depend on:

(i) measurement costs per source. This will vary depending on the technical characteristics of 
the emissions (flow, concentration, stability, etc), the substances involved, and the range of 
currently-available measurement technologies. Recent scientific and commercial developments 
in measurement and control are likely to have substantially widened the range of technologies 
available for monitoring the concentrations and flows of particular substances in effluent discharges, 
and hence to have increased the range of pollution problems for which charging on the basis of 
direct measurement is likely to be a feasible and cost-effective option. It is also probable that the 
future pace of development and commercialisation of such technologies will in part be stimulated 
by a greater use of direct emissions charging.

(ii) the number of emissions sources. Direct charging for measured emissions quantities will 
be less likely to be worthwhile, the more separate emission sources there are. An extreme case 
of this is the case of non-point-source poliution - in other words, where no identifiable pipe, outlet 
or chimney provides a "point source" at which emissions can be measured. The leaching of 
agricultural fertilisers and pesticides into the water system are examples of non-point-source 
pollution; for such pollution problems, direct measurement is likely to be costly and/or highly 
imprecise.

(iii) scope for integration with normai commerciai activitiesThe costs of a system of emissions 
measurement will generally be reduced, if the measurement of emissions can be integrated with 
activities that wouid naturally take place for normal commercial reasons. Not merely does this 
reduce the additional costs of measurement for tax purposes, but it also tends to reduce the risk 
of false or misleading information being provided, since there are non-tax reasons for accurate 
measurement.

Even, if despite the administrative costs, Pigouvian taxes on emissions are stiii preferred to 
"approximate" environmentai taxes, the existence of significant administrative costs of taxation 
would be likely to mean that the range of tax instruments employed will be more restricted than 
would be the case if tax administration were costless. As Yitzhaki (1979) observes, explicit 
consideration of administrative costs, so that the number of tax instruments is included as a decision
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variable in optimal tax analysis, avoids the need to treat optimal taxation as a second-best problem, 
with arbitrary restrictions on the tax instruments available. Polinsky and Shavell (1982) consider 
another issue raised by administrative costs in the context of Pigouvian taxation - whether it is 
desirable to take administrative costs into account in choosing the appropriate rate at which 
Pigouvian taxes should be levied. They conclude that the answer varies depending on the 
relationship between administrative costs and the number of polluters; for example, where the 
administrative costs are a fixed amount per polluter and are borne by government. It may be 
appropriate to set the Pigouvian tax rate above the level of the external cost, so as reduce the 
administrative cost, but this rule will not be appropriate where the costs of administration are borne 
by the polluters themselves.

3.2 Linkage

Where the costs of an environmental tax system based on direct charging for measured emissions 
are high, restructuring of the existing tax system may provide an alternative way of introducing 
fiscal incentives to reduce environmental damage.’  ̂The effectiveness of changes in the existing 
tax system in achieving an efficient pattern of pollution abatement will depend on the degree to 
which the taxation is closely linked to the pollution which it aims to control. If the tax rises, does it 
encourage taxpayers to seek to reduce this tax burden by reducing the processes or activities 
which give rise to polluting emissions - or are they, instead, just as likely to find ways to reduce 
their tax payments that do not change their level of pollution?

This issue of linkage is central to any case for or against using fiscal instruments other than those 
based on direct charging for measured emissions: where the linkage between tax base and pollution 
is weak, the tax may fail to have the desired impact on pollution, and may, at the same time, 
introduce unnecessary and costly distortions into production and consumption decisions.

"Indirect" environmental tax policies depend on the existence of a stable relationship between the 
tax base and pollution, but relationships which are observed to be stable in the absence of policy 
measures can turn out to be unstable once a tax Is Introduced. A good illustration of this 
phenomenon is given by Sandmo’s (1976) account of Nonvay’s attempt to introduce a system of 
charging for domestic refuse collection by charging for the special sacks which householders were 
required to use for their refuse. The logic for the system was that the number of sacks used would 
be a rough proxy for the quantity of refuse collected from each household. Unfortunately, the 
charging scheme, once implemented, tended to change the relationship between sacks used and 
refuse collected. Some households tended to economise on sacks rather than to economise on 
refuse, and responded to the tax by over-filling the sacks, or by dumping refuse, causing 
environmental problems elsewhere.

11 Plott (1966); Holterman (1976); see also Young (1977).
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A number of papers have considered the appropriate structure of taxation where the only 
administratively feasible policies involve some degree of approximation in the linkage between tax 
base and pollution damage. The issue of iinkage has been represented in these modeis in two 
different ways. One group of papers has considered models where administrative limitations require 
that all individuals causing externalities are taxed at the same rate, but where the externalities 
from some are more damaging from others. In the context of Pigouvian taxation of emissions, 
these could be cases where taxing different polluters at different rates, according to the damage 
from their emissions, required a large element of judgement, which thus tended to expose the 
system to lobbying or regulatory capture. In the case of conventional product taxes, an example 
might be the use of a tax on coai to encourage smoke abatement; although smoky chimneys may 
be more damaging in densely-popuiated areas, it would be impracticable to tax coal at different 
rates in different areas, since it would be almost impossible to prevent urban dwellers from buying 
their coai from rurai suppiiers.’^

Diamond (1973) considers the rate at which such a uniform tax shouid be ievied. In the case where 
there is separability between the externality and consumption, the appropriate tax rate is simpiy 
the weighted average of the marginal contributions to the externaiity, where the weights are given 
by the sensitivities of demand for the good which generates the externality. Where the separabiiity 
assumption is relaxed, so that externalities affect demand as well as utility, calculation of the optimal 
tax rate is more compiex, and "perverse" cases cannot be ruied out, in which it would be appropriate 
to subsidise the good causing the externality.

Where linkage is poor, it may be possibie to improve matters by going beyond taxation of the good 
associated with the externality; complements or substitutes to the externality causing good may 
be taxed or subsidised. Like Diamond (1973), Green and Sheshinski (1976) and Balcer (1980) 
consider cases where individual externality effects differ (and where the optimai Pigouvian tax 
would therefore be at different rates). However they focus on cases where goods exist that are 
complements (or substitutes) to the externality - generating good. Depending on the interaction 
between demand for the complement (or substitute) and the externality, it may be possible to 
improve on the taxation of the externality-causing good aione, by taxing or subsidising the 
complementary or substitute good. For example, if the objective is to deai with urban congestion, 
high petrol taxes might be supplemented by subsidies to urban public transport and taxes on urban 
parking spaces. Sometimes the appropriate policy rules will appear counter-intuitive. Balcer shows 
a simple case where a subsidy to a compiementary good would be appropriate, and Wijkander 
(1985) discusses cases where the policy rule is complicated by the cross-effects between various 
complements or substitutes to the externaiity-causing good.

Other papers have represented the linkage issue differently. Sandmo (1976) represents the 
problem as one where goods can be used for two purposes, only one of which generates the 
externality; this could be a case where some consumption uses of a good cause more poilution 
than others (e.g. use of petrol in urban and rural areas) or, as in Henry (1989), where the good

12 In practice, of course, market Instruments In this case are likely to be easily dominated by a simple regulatory rule, 
forbidding the use of smoky fuels in urban areas.
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causes more pollution in one production use than in another. It is assumed that the good can be 
taxed, but that it is not possible to differentiate between its different uses. Again, the analyses 
confirm the vaiue of taxing or subsidising complements or substitutes, as weli as the good 
associated with the externaiity, and again it proves possible to find counter-intuitive poiicy 
prescriptions. Perhaps the most important advantage of representing the issue in this way is it 
focuses attention on the key practical question of how the externaiities are generated: What is the 
technologicai relationship between the taxed commodity and the externaiity, and is this reiationship 
iikeiy to be stabie?

Where there is a wide range of avaiiabie techniques which differ wideiy from one another in the 
relationship between tax base and poilution, linkage is Iikeiy to be more of a problem than where 
the range of technologies is smail, and the tax base: pollution reiationship broadiy stable across 
production techniques. Technicai data about the range of available production techniques and 
their environmentai attributes wiii thus help to assess the practical relevance of linkage probiems 
for any particular environmental tax.

McKay, Pearson and Smith (1990) observe that a particularly severe problem of linkage arises 
where it is sought to infiuence poiiution emissions from a production process through taxes on 
inputs, and where significant scope exists for pollution abatement through effluent "cleaning" at 
the end of the production process. One case in point is the scope for cleaning the sulphur dioxide 
emissions of coal-fired power stations by fitting "scrubbers" (flue gas desulphurisation equipment, 
or FGDs). Where effluents can be cleaned in this way, taxes on production inputs will not be an 
effective way of encouraging an efficient pattern of poilution abatement. Such a tax (e.g. a tax on 
suiphurous coai) may discourage the use of polluting materiais in production, but wiii provide no 
incentive to clean up effluents from the process. Although pollution may be reduced, the way in 
which pollution reductions are achieved wiii not necessariiy be the most efficient.

Environmentai taxes on fuei inputs may thus be more appropriate to deal with carbon dioxide 
emissions, where effluent cleaning is not currently a commercially-viable option, than with sulphur 
emissions, where important effluent-cleaning technoiogies are available.^^ However, it shouid be 
noted that what is at issue is not mereiy the existence of (commercialiy-viable) aiternative 
technoiogies, but also the potential for them to be developed, since an efficient poilution tax wiii 
create an incentive for new technologies, involving less pollution, to be deveioped. The acceptability 
of a carbon tax on fuel inputs instead of a tax on measured carbon emission quantities depends 
in part on a judgement about how rapidiy such technoiogicai developments are likely to take place, 
and about how far their future deveiopment might be inhibited by the choice of a tax on inputs 
rather than on measured emissions.

13 A number of countries, including Sweden and Finland, have already Introduced carbon taxes on fuels (Hoeller and 
Wallin, 1991).
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4 Mutualisation

In practice, one of the common characteristics of environmental taxes has been hypothecation or 
"earmarking" of the revenues, for example, to expenditures on environmental policy measures, or 
to be used to raise revenues for environmental agencies or funds. Thus, water charges levied in 
a number of European countries are earmarked to expenditures on water quality management, 
and feedstock taxes in the US are earmarked for the "Superfund", which finances the clean-up of 
hazardous waste dumps. Indeed, as Opschoor and Vos (1989) conclude, most of the initiatives to 
introduce environmental taxes have arisen because of the need to find revenue sources which 
can be assigned to finance environmental expenditures, rather than for their incentive value.

This suggests that the issue of earmarking may need to be considered from two angles. Firstly, 
there is the question of whether there is a case for earmarking the revenues from an environmental 
tax introduced for incentive purposes. Secondly, there is the question of whether public 
expenditures on environmental measures should be financed specifically from the revenues of 
particular taxes; if so, are there reasons to finance such expenditures from eco-taxes, rather than 
from general tax revenues?

(i) Earmarking environmental tax revenues. In the case of the use of revenues from 
environmental taxes Introduced to correct market incentives so as to reflect the environmental 
costs associated with polluting emissions or the production or use of particular commodities, the 
"conventional" view of public economics is that earmarking is a potential source of inefficiency in 
fiscal decision-making. Whilst the assignment of particular revenue sources to particular 
expenditures headings may be made in a way that initially allocates tax revenues efficiently across 
expenditure headings, over the longer term, tax revenues and expenditure requirements can move 
out of line. Requiring the revenues from environmental taxes to be used for given purposes would 
mean that the amounts spent on these purposes would change over time according to the trend 
in the revenues from environmental tax, rather than according to spending needs. Alternatively, 
earmarking could lead to Inefficiencies in the pattern of taxation, as the rates of tax come to be 
driven by the revenue requirements for the earmarked budget headings, rather than by the balance 
between the costs and benefits of particular tax levels.’'*

On this view, there is no reason to believe that "earmarking" the revenues from environmental 
taxes would lead either to appropriate levels of expenditure on environmental improvements, or 
to appropriate levels for the environmental tax. These inefficiencies would, moreover, be likely to 
be magnified over the course of time.

This view of earmarking, however, depends on assumptions about the underlying political and 
administrative process that may be unrealistic. Earmarking is contrasted unfavourably with a 
situation where taxes and public expenditures are set "optimally" as the outcome of a process 
which sets taxes so as to minimise the costs of taxation and allocates expenditures across particular

14 Oates (1991) discusses a related Issue, namely whether the rates of an environmental tax should be determined by 
the Mlnlstiy of Finance or the Ministry of the Environment. He argues that the latter would be preferable, since the 
Ministry of Finance may allow revenue considerations to dominate environmental policy efficiency.
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headings so as to maximise the overail benefits of public spending. In practice, political decisions 
about taxation and public spending may reflect a wider range of pressures - including, perhaps, 
bureaucratic pressures tending to the over-expansion of public expenditure programmes 
(Buchanan, 1963). In these circumstances, public support for new taxes may be weakened by the 
concern that the revenues could be diverted to undesired purposes. Earmarking of a new 
environmentai tax to some popular expenditure heading may then be a strategy which wouid 
generate greater political support for the measure than if the revenues were simply to be allowed 
to augment the general resources of government. By "ring fencing" the revenues to "desirable" 
expenditure headings, the measure may command greater public support.

(ii) Financing environmentai expenditures. The above arguments reflect the "conventional" debate 
over earmarking - a discussion of whether it is appropriate for the revenues from a particular tax 
to be devoted to particular spending headings, or to the general exchequer. However, in practice, 
the context in which environmental taxes have been introduced has often been rather different to 
that being presumed here - usually the issue has not been what to do with the revenues from an 
existing environmental tax, but rather to find revenue sources that would be appropriate to finance 
environmental expenditures. In this context, environmental taxes are seen not as incentive 
mechanisms, but principally as revenue-raising devices, to provide revenues for a programme of 
public environmentai expenditures (Hahn, 1989).̂ ®

The principal issue is the identification of revenue sources which wouid be "appropriate" to the 
expenditures in question. One criterion for appropriateness might be given by the concept of benefit 
taxation: taxpayers shouid contribute financially towards the cost of public expenditures in 
proportion to the benefits they derive from them (Musgrave and Musgrave, 1984, ch 11).

Where the expenditure programmes are general, yielding benefits distributed widely across the 
population, environmental taxes are unlikely to constitute or approximate benefit taxes. However, 
the benefit tax argument wouid seem more applicable in cases where both the expenditure 
programmes and the taxes were confined to particular sections or groups of the population. These 
groups may be defined either geographically - in the case of local taxes to finance local 
environmentai expenditures - or they may be defined in terms of a particular sector or industry. 
Thus an environmentai tax might be levied on a particular sector, to finance public expenditures 
on abatement measures which benefited that sector, or which cleaned up pollution attributable to 
that sector.

One obvious attraction of the earmarking of an environmentai tax levied on a particular sector to 
environmental spending benefiting that sector is that it may overcome some political opposition to 
aspects of the policy - either to the use of public revenues to subsidise the costs of a particular 
sector, or, where the tax has an incentive function, to the sectoral impact of the revenue burden; 
earmarking of this form provides sector-by-sector "compensation".

15 This is in practice a particularly important motivation for environmental taxes in developing countries, where other 
options for raising tax revenues may be very limited.
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Linking sectoral spending and revenue-raising also formally complies with the restrictions imposed 
on subsidy schemes by the OECD Polluter Pays Principle; subsidies that would have been regarded 
as contrary to this principle if paid for out of general tax revenues are regarded as consistent with 
the requirements of the PPP if the cost is shared amongst the beneficiaries.

However, despite the formal conformity of such sectoral earmarking with the requirements of the 
PPP, there are reasons for concern about its extensive application. Certain types of environmental 
policy measure require public involvement and common financing; those that have the character 
of "public goods" (e.g. joint effluent treatment facilities, or research expenditures) are unlikely to 
be provided to an efficient level if they have to rely on the uncoordinated actions of individual firms. 
However, it is less clear that any justification can be found for public subsidy to measures that 
benefit one firm alone. Indeed, financing such subsidies from the proceeds of environmental taxes 
levied on the sector may distort desirable signals about the appropriate level of activity in the sector; 
they may inhibit exit from the sector (and possibly attract new entrants), leading to a long-run higher 
level of sectoral activity than would be desirable, and, conceivably, increasing rather than reducing 
the aggregate level of pollution (Oates, 1991).’®

Finally, even in the "public good" case where sectoral expenditures can be justified, it is not obvious 
that environmental taxes, rather than other levies related perhaps to employment, assets or output, 
are the appropriate way of sharing the cost of providing the common facilities. If it is felt desirable 
that payment should be in proportion to benefits received, it is then a purely empirical matter 
whether the pattern of benefits is more closely approximated by the environmental tax, or by 
payments of some other tax.

5 Empirical studies of the effects of environmentai taxes

A growing literature on environmental taxes has tried to assess the likely scale of responses to 
environmental tax measures. How large would environmental taxes have to be, and what would 
be their impact on pollution, and on economic variables, including the level and distribution of 
incomes, prices, exchange rates and international competitiveness, employment, government 
revenues, etc? Given the scale of this literature, it is impracticable to provide an exhaustive survey 
here; this section can merely indicate the range of approaches adopted, and highlight conclusions 
from a few selected papers.

In practice, whilst policy measures taken in a number of countries have included environmental 
taxes on narrowly-defined commodities (eg taxes on plastic bags, batteries, non-returnable 
containers, etc), most of the quantitative research has examined more broadly-specified 
environmental taxes, such as carbon taxes (taxes on energy sources related to the amount of 
carbon dioxide they will produce in combustion), other taxes on domestic or industrial energy use, 
and taxes on motor vehicles and motor fuels. Besides the fact that these are the areas where

16 Lans Bovenberg has pointed out than the problem of efficient entry/exit may be less severe than is suggested here if 
tax revenues decline over time, because the long-run elasticity exceeds the short-run elasticity. In this case, part of the 
subsidy is only temporary, and may not attract new firms.
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environmental taxes might be expected to have the most significant impact, the poor avaiiabiiity 
of data on past spending and prices tends to restrict the scope for more detaiied modeiiing of 
environmentai taxes on narrowiy-defined commodities, or on commodities (such as ieaded petroi) 
defined by particular environmental attributes.

With the exception of the literature on the economic effects of a carbon tax, most of the empirical 
research has focused on estimating the impact of environmental taxes on the use of the taxed 
commodity, and occasionaiiy on ciosely-reiated sectors, and has paid iess attention to wider 
economic effects including macroeconomic adjustment and générai equiiibrium effects. The studies 
which seek to estimate eiasticities of demand and substitution can be divided into time-series 
estimates at an aggregate ievel, and estimates using micro data on individuai firms, industries, or 
househoids.

(i) Estimates at an aggregate level have included time-series estimates of aggregate energy use 
by industry, by consumers, or by the economy as a whoie, time series models of motor vehicle 
ownership and vehicie fuei expenditure, of agricultural fertiliser use, etc. The data requirements 
of such studies are comparatively small, but there are frequently difficulties in distinguishing price 
effects from other trended variabies such as income, output price ieveis, etc. For the UK, a number 
of studies of aggregate energy demand are summarised in Hunt and Manning (1989).

Branniund and Kristrom (1991) study the impact of a tax on chiorine effiuent from the bleaching 
process in the pulp industry, using a model which takes into account possibie effects on forestry 
and the sawn timber industry. They found that a tax which increased the price of chlorine by 50% 
would reduce the quantity of chiorine used by some 14 per cent, but that it would have negligible 
repercussions for forestry and the timber industry.

The Iikeiy impact of a tax on agricuitural fertilisers can be derived from a number of studies of the 
price eiasticity of the demand for fertiiisers. Burreil (1989) provides a useful survey of this literature. 
Estimates from linear programming modeis and from econometric models have tended to diverge 
widely, with rather higher elasticities being obtained from the latter.

Time-series modeis can often be particulariy informative about the time-scale of likely responses 
to an environmental tax. One recent study which has generated important new information about 
the iikeiy dynamics of changes in energy use in response to an energy tax is the paper by Ingham 
and Ulph (1990), which modeis the age ("vintage structure") of the capitai stock in considerabie 
detaii. It points out that the scope for changing energy efficiency is much iess with existing plant 
and machinery than when new machinery is instailed, and shows that to achieve quick results, a 
much higher ievel of taxation wouid be required than if energy consumption changes were sought 
over a longer time period.

(ii) Estimates at a micro ievei using data for industries or individual firms tend to be seriously 
constrained by the iack of reievant data. Changes in the ciassification of industry or trade statistics 
mean that industry-ievei data rareiy contain an adequate number of yearly observations for robust 
estimation, and detaiied data on individuai firms’ expenditures on inputs is frequentiy unobtainable 
for reasons of commercial confidentiality.
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There has been a growing amount of research on the spending patterns of individuai households, 
using data from large-scale household surveys which can be used to assess the impact of 
environmentai taxes on consumer goods. Household expenditure and income data from a number 
of years of budget surveys are now available for a number of OECD countries, and allow elasticities 
of demand and substitution to be estimated at a micro-level for a range of goods (e.g. Blundell, 
Pashardes and Weber, 1989; Decoster and Schokkaert, 1989). Usually the models operate at a 
comparatively broad degree of aggregation although domestic energy spending and spending on 
vehicles and petrol are usually separately distinguished. Blundell ef a/(1992) provide a comparative 
analysis of the impact of a "carbon tax" using consumer spending modeis from five European 
countries (Belgium, France, Italy, Spain and the UK), whiist other, single-country, studies of energy 
taxes or carbon taxes using these models have included Johnson, McKay and Smith (1990) and 
Symons, Proops and Gay (1992). Whilst all of these papers are based on a model which treats 
domestic energy purchases as a single aggregate, and which cannot therefore model the 
substitution between household fuels that might occur as the result of a carbon tax. Baker and 
Blundell (1991) present separate equations for household spending on gas and on electricity, 
based on micro-data from the UK Family Expenditure Survey.

Wider economic effects have been investigated using economic modeis of two sorts. As Boero, 
Clarke and Winters (1991) describe each approach has particular strengths and weaknesses, and 
these need to be borne in mind in assessing the results obtained.

(i) Simulation using macroeconomic modeis. Macroeconomic modeis can be used to investigate 
the economy-wide repercussions of environmental taxes, by embedding estimated models of 
commodity demands in a full system of equations representing supplies and demand for all 
commodities and factors of production, and financial relationships. These modeis can then be used 
to simulate the wider implications of environmentai taxes and the revenues raised from them - 
including effects on prices, international competitiveness and the exchange rate, employment, etc. 
Linked macroeconomic modeis for a number of countries can be used to investigate how these 
effects might be altered if policies to introduced environmentai taxes were subject to international 
co-ordination, rather than introduced by a single country acting alone. Linked simulations of the 
macroeconomic effects of a carbon tax are reported in Detemmerman et ai (1991) and Standaert 
(1992) and a range of international estimates are surveyed in Hoeiier, Dean and Nicolaisen (1991) 
and Bradley and Fitzgerald (1992). Barker and Lewney (1990) use a sectoral macro model of the 
UK economy to simulate the macroeconomic effects both of a carbon tax, and of the regulation of 
water quality. Lanza and Scabeilone (1991) use a sectoral model of Italian energy demand to 
simulate the impact on an index of atmospheric poliution of the European Community’s proposal 
to harmonise the structure of indirect taxes (which would require changes to the taxation of petroi 
and other energy), and Agostini, Botteon and Carraro (1991) simulate the impact of various ad 
valorem and specific energy taxes on energy-related pollution in Italy.

The principal uses made of most macroeconomic models have been to study and forecast short-run 
changes in economic conditions, and there is an obvious question about the extent to which they 
are suitable for simulating the longer-term implications of major structural changes in the economy.
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that would be implied by substantial "carbon taxes" for example. Considerable recent research 
effort, however, has gone into improving the long-run dynamics of a number of models, to allow 
them to be used for longer-run simulation exercises.

(ii) Simulation using computable general equilibrium models. CGE models are, by contrast, 
designed to investigate the long-run process of economic adjustments to policy changes, by 
examining how relative prices of all goods and factors of production would have to adjust to achieve 
equilibrium in all markets’ .̂ CGE models tend to pay little attention to the short-run dynamics of 
the economic adjustment process, in contrast to most macroeconomic models. Also, estimation 
can play quite a small role in the construction of CGE models; relevant elasticities may be gathered 
from a range of existing sources or simply assumed, and the model "calibrated" so that it is 
consistent with data for a particular "benchmark" year. As a result, statistical criteria to evaluate 
the reliability of the models and the precision of simulation results are difficult to obtain; the models, 
in effect, calculate the implications of policy change, given a particular structure of the economy, 
supply and demand elasticities, etc. Because of their long-run focus, however, CGE models have 
been increasingly applied to the analysis of major environmental taxes.

This literature has grown explosively in the last two years. Proost and van Regemorter (1990), for 
example, look at the impact of a carbon tax using a CGE model for the Belgian economy, and 
Conrad and Schroder (1990,1991 ) describe various aspects of the effects of environmental taxes 
using a German CGE model. Other studies Include Glomsrod e ta l(1992) for Norway, Blltzer et 
a /(1990) for Egypt, Bergman (1991) on Sweden, and Burniaux ef a/ (1992) which discusses the 
OECD’s global CGE model GREEN, In which a number of regions are modelled.

One particular focus of studies based on CGE models of the effects of a carbon tax has been the 
international distribution of gains and losses from the tax. Since a move towards substantial policy 
measures to restrict carbon dioxide emissions is likely to require international agreement on 
co-ordinated emission reduction measures, knowledge of the pattern of gains and losses across 
countries is an important prerequisite for international negotiation. Whalley and Wigle (1991 ) show 
that the form taken by the carbon tax is critical In determining the distribution of gains and losses; 
a tax based on energy consumption would impose large losses on the major energy-producing 
countries, whilst a tax based on energy production would substantially compensate energy 
producers for the reduced demand for their natural resources by entitling them to a substantial 
share of the carbon tax revenues.

17 See Shoven and Whalley (1984) and Borges (1986) for surveys of this approach.
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6 Environmental taxes in the context of public finance

Revenues

The revenues that would be raised from environmental taxes on particular raw materials or products 
associated with poliution wiii be a function of the responsiveness of demand and supply to price. 
The more effective the tax is in restraining production and use of the taxed good, the lower will be 
the revenue derived from the tax. In some sense, therefore, revenue issues arise in inverse 
proportion to the environmental effectiveness of an environmental tax; the tax is paid and revenues 
obtained only where the good continues to be produced and consumed.

The effects on revenues of an environmental tax are likely to change overtime. Since, in general, 
supply and demand responses to the imposition of an environmental tax are likely to be rather 
greater in the long-run, (when taxpayers’ patterns of production and consumption can be freely 
adjusted), than in the short run (when taxpayers’ production and consumption decisions may be 
constrained by existing capital equipment), there may be circumstances where the revenues to 
be obtained from the environmental tax could decline overtime. Where long-run supply and demand 
responses to the environmental tax are large, reflecting the existence of close substitutes which 
are less heavily taxed, the opportunities and problems posed by the tax revenues and the burden 
of additional tax payments will be short-lived.

In practice, forecasting the long-run revenue effect of environmental taxes is unlikely to be a precise 
matter. Not only are there likely to be important uncertainties regarding the size and timing of the 
effects of the tax on production or consumption of the good in question, but also demands and 
hence revenues will be a function of the overall economic climate and level of economic activity. 
Economic growth may increase demands for the polluting good, partly (or fully) offsetting the effects 
of the environmental tax. Where the price elasticity of demand for the taxed good is low, and the 
income elasticity is high, the increases in demand due to growth are likely to be large relative to 
the reductions in demand due to the environmental tax. Thus one concern in considering the use 
of tax on energy to control environmental problems associated with energy use is that the price 
elasticity of energy demand is so low, that a steeply rising energy tax wouid be needed merely to 
keep energy demand constant in the face of rising incomes.

A "double dividend"?

There has been some interest in the potential of environmental taxes to reduce the overall costs 
involved in raising fiscal revenues. Does the revenue raised from environmental taxes constitute 
an additional benefit from their use, in the sense that it allows other taxes, which may have large 
distortionary costs, to be reduced? Some commentators (eg Pearce, 1991; Oates, 1991) have 
drawn attention to a potentiai "double dividend" from environmental taxes - the possibility that, in

95



3. Tax and Environment: Survey

addition to their environmental benefits, they have a second source of gains in the sense that the 
revenue raised from the environmentai taxes allows other taxes, with possibie distortionary effects 
on iabour suppiy, investment or consumption, to be reduced.

As Oates (1991 ) observes, economic efficiency in raising pubiic revenues requires that the marginal 
deadweight burden from each revenue source be equai; in other words, that there shouid not be 
scope to raise the same revenues at lower deadweight cost by changing the pattern of public 
revenues. The distinctive feature of environmental taxes is that they have negative deadweight 
burden (if the correction of the environmental externality is included in the definition of the 
deadweight burden) over a certain range of tax rates; rather than imposing costs by distorting the 
pattern of economic activity, they correct existing distortions which arise through the faiiure to price 
environmentai externaiities correctiy. Starting from a situation where the environmental benefit of 
tax changes has not been taken into account, reaiiocating the pattern of pubiic revenues wiii then 
aiiow the overaii deadweight burden of raising revenues to be reduced.

Empiricai studies of the marginal distortionary costs (excess burden) of existing taxes show that 
these costs can be appreciable - for example, Ballard, Shoven and Whalley (1985) estimate the 
marginai excess burden of pubiic revenues in the USA at 20-30 cents for each extra doiiar of tax 
revenue - and if environmentai tax reform permits a reduction in these costs, this may be a significant 
poiicy consideration. Terkia (1984) compares the environmentai benefits from poilution abatement 
using emissions taxes with estimates of the deadweight loss that would be incurred in raising the 
same revenue through general taxation, and finds that the reduction in excess burden is of a similar 
order of magnitude to the net environmental benefits.

Revenue considerations will not always imply that the rate of the environmental tax should be 
increased, above the rate that would be appropriate if there were no need for public revenues. As 
Lee and Misioiek (1986) show, the optimal level of pollution abatement wiii depend on the elasticity 
of tax revenues with respect to the tax rate; if a marginai increase in the tax rate reduces tax 
revenues, then it wiii be appropriate for a lower tax rate to be set, and for the level of pollution 
abatement to be iower with a revenue-raising instrument than with an instrument that does not 
raise revenues.

A coroilary of the double dividend argument is that the optimal level of pollution abatement wiii not 
be independent of the environmental policy instrument used. Where increasing the rate of the 
environmentai tax increases tax revenue, instruments such as regulation or grandfathered 
tradeable permits which forego revenue wiii have a higher total marginal abatement cost (taking 
into account the marginai deadweight burden of raising public revenues as well as the conventional" 
marginal abatement costs) than environmental tax instruments, which can use the extra revenue 
raised to reduce the distortionary costs of other taxes. In this case, an efficient poiicy wiii set a 
higher ievei of poiiution abatement if the tax instrument is used than if an environmental policy 
instrument is employed which does not raise revenues.
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Pearson and Smith (1991 ) observe that there Is a close link between the impact of an environmental 
tax on the excess burden of taxation, and the distributional Impact of the environmental tax. Where 
policy-making operates on the basis of a tradeoff in taxation between efficiency and equity 
objectives, it would generally be possible to reduce the excess burden of taxation by relaxing the 
distributional constraint. If the distributional objectives are weakened, it will be possible to increase 
the lump-sum, non-distortionary, element within the tax structure, and this will reduce the excess 
burden of raising a given revenue. An environmental tax which is sharply regressive would tend 
to Increase the lump-sum, non-distortlonary component of the tax system, and this will, in turn, 
tend to reduce the overall welfare costs of raising revenue. This provides a further way in which, 
in practice, environmental taxes could reduce the distortionary costs of the tax system. However, 
they would In part do so, only to the extent that the distributional incidence of the tax system is 
permitted to become more regressive; if the original distributional incidence is restored, this source 
of efficiency gains would be eliminated.^®

There has recently been some discussion of the precise nature of the double dividend claim, and 
a spate of theoretical papers which have modelled the conditions under which a double dividend 
would arise (see Goulder, 1995, for a survey). Perhaps somewhat unhelpfully much of this literature 
defines the double dividend in somewhat ambitious terms; the second, non-environmental, dividend 
exists if the total deadweight costs of revenue raising (including abatement costs in the form of 
behavioural substitutions to higher energy prices) is negative. In other words, the double dividend 
argument becomes a "no regrets" argument; even if the changes in energy use turn out to have 
no environmental benefit, achieving them has been costless because the overall fiscal costs of 
the tax change are negative.

Goulder (1995) classifies a double dividend of this form as a "strong" double dividend. He defines 
this as the claim that the "gross costs" of a tax switch, increasing taxes on energy and reducing 
existing non-environmental taxes, are negative. In gross costs he Includes all the welfare costs of 
all behavioural changes from the tax switch, but excluding the environmental benefits. He also 
identifies a "weak" form of the double dividend argument, where the gross costs of the tax switch 
lie below the gross costs of introducing the energy tax but returning the revenues as a lump sum 
to taxpayers. He points out that the requirements for the weak form double dividend to hold are 
extremely likely to be satisfied; the strong form double dividend is a more contentious issue.

One group of circumstances in which the gross costs of a particular tax switch might be negative 
are those where existing fiscal policy has not been optimised with respect to purely fiscal 
considerations. Where existing fiscal policy has failed to set the pattern of tax rates so that the 
marginal excess burden of each tax instrument is equalised, the aggregate deadweight costs of 
revenues are not minimised (as noted above). It may be possible to reduce the total excess burden 
of raising public revenues (and, in other words, to make a tax switch with negative gross costs) by 
introducing an energy tax and using the revenues to reduce a tax which at the initial pattern of tax 
rates has above-average marginal excess burden. (Goulder refers to such a case as an 
"intermediate form" double dividend.) Although perhaps of interest in the context of practical policy.

18 A similar point is made by Bovenberg and de Mooij (1994).
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where inefficiency in the pattern of revenue-raising may well exist and where the introduction of 
an environmental tax on energy might offer a politically-palatable route to a shift to a more efficient 
pattern of taxation, this case introduces little of theoretical interest.

The more demanding requirement for a "strong" double dividend, that the gross costs of a tax 
switch will be negative even where the existing pattern of tax rates is set optimally with respect to 
fiscal considerations, and equalises marginal deadweight burdens across all taxes, can be satisfied 
only in a set of somewhat special circumstances. A series of paper by Bovenberg and co-authors 
has identified the limited range of possible cases where a double dividend of this form could exist 
(eg Bovenberg and de Mooij, 1994j Bovenberg and Goulder, 1994; Bovenberg and Van der Ploeg, 
1994; see also Parry, 1995).

Bovenberg and de Mooij (1994) argue that the distortionary cost of taxation needs to be considered 
in a general equilibrium context, in which the effects of taxes on both goods and factor supplies 
and demands are taken into account. Taxes on goods, for example, will tend to distort not only the 
pattern of spending on goods, but also will distort labour supply. Since a uniform tax on all goods 
is formally equivalent in a one-period model to a uniform tax on labour income (since both affect 
the quantity of goods which can be purchased with the income earned from an additional hour’s 
labour), a shift in the pattern of taxation from income tax to a uniform tax on goods would leave 
the deadweight burden unchanged (ie would have zero "gross cost" in Goulder’s terminology). A 
shift to a non-uniform tax on goods, in the form of a tax on one good, energy, alone, would, in 
addition, have a distortionary effect on the pattern of spending (if any environmental benefits are 
disregarded), and would therefore have a higher deadweight burden than the uniform tax on labour; 
such a tax switch would have a positive gross cost.

Bovenberg and de Mooij observe that the size of this gross cost will depend on the extent of 
pre-existing distortionary taxation. The additional distortions to labour supply and other markets 
from the environmental tax will be greater, the greater the initial degree of distortion in the economy; 
where an economy is initially highly distorted, the double dividend argument will then be weaker 
than where the initial marginal excess burden of taxation was small.

Only a limited range of circumstances are identified in which the strong form of the double dividend 
argument holds. Bovenberg and de Mooij (1994a) find that it can hold if the uncompensated wage 
elasticity of labour supply is negative: Goulder (1995) notes that this condition is generally rejected 
in empirical studies of the labour market. Shah and Larsen (1992) point out that pre-existing, 
inefficient, subsidies can generate a strong double dividend, if the tax switch helps to counteract 
the inefficiency arising from these subsidies. A strong-form double dividend is also possible in the 
model of Bovenberg and van der Ploeg (1994), where involuntary unemployment can arise due 
to a fixed real wage, and where part of the burden of the energy tax can be borne by a fixed factor 
other than labour. Since the tax borne by the fixed factor has little distortionary cost, the gross cost 
of the tax switch can be negative. This model, they observe, may be appropriate to the case of 
small open economies.
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A different approach is taken by Ulph (1992) who tries to clarify the precise meaning of the "double 
dividend" argument, and to separate clearly the "revenue" and "pollution" distortions involved. A 
key issue is the definition of the yardstick against which the distortionary cost of the tax system is 
to be assessed. Ulph takes as a yardstick the "first best" pattern of production and consumption, 
where unlimited use of lump-sum taxes is feasible and where the externality is corrected optimally, 
and measures both environmental and revenue distortions as deviations from this pattern.

Ulph (1992) considers whether the introduction of an environmental tax, from a starting point without 
any form of environmental control, would be expected to reduce the excess burden of tax revenues, 
whilst at the same time yielding environmental benefits. He concludes that this depends on the 
size of the revenues that would be raised from the environmental tax, relative to the revenue needs 
of the public sector. Obviously, where the public sector has no need for revenue, the revenues 
from an environmental tax do not substitute for other taxes; indeed, if the revenues cannot costlessly 
be returned to taxpayers, the revenues raised would represent a cost. Also, he argues that where 
the need for tax revenues is large relative to the revenues that would be obtained from correcting 
the externality in the first-best, there may be a tendency for revenue considerations to induce an 
excessive reduction in consumption of the polluting commodity - as discussed above, taking the 
revenue from marginal abatement into account may justify abatement beyond the first-best level. 
It is possible, therefore, that there could be a greater externality distortion but a lower 
revenue-raising distortion with a tax system that included environmental taxes than with a tax 
system which did not take account of the externality. Only where the revenues from the 
environmental tax are broadly of a similar order to the revenue needs of the public sector is it likely 
that both the pollution and revenue distortions will be simultaneously improved by the use of an 
environmental tax.

Distributional aspects of environmentai taxes

Distributional effects of environmental taxes are discussed in detail in Essay 6. A brief synopsis is 
given here for completeness.

Although both regulatory and market-based environmental policies may have distributional 
implications in terms of their impact (both costs and benefits) on households at different levels of 
incomes, the pattern of tax payments associated with the use of environmental taxes and other 
revenue-raising market-based instruments raises particular concerns.

The introduction of environmental taxes on energy is, in particular, likely to raise significant 
distributional concerns, reflecting the importance of energy expenditures in the budgets of poorer 
households (Dilnot and Helm, 1987; Smith, 1992). This distributional sensitivity of energy taxation 
is recognised in the indirect tax policies of many OECD countries, which apply lower levels of 
taxation to certain domestic energy products than to other goods and services.
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What matters in assessing the distributional incidence of the burden of an environmental tax is the 
final incidence (i.e. the households which ultimately bear the burden of the tax) rather than the 
formal incidence (i.e. who makes the tax payments). Assessing the pattern of final incidence of a 
general energy tax, such as the proposed European carbon tax, will be complex. In addition to the 
direct distributional effects working through the prices of direct household purchases of energy, 
there will also be various indirect distributional effects, for example as a result of the taxes imposed 
on industrial purchases of energy. These indirect effects reflect the fact that the ultimate incidence 
of all taxes is on households - the burden of taxes on business can in principle always be traced 
to the households or individuals who are the shareholders or owners of each business, or to its 
suppliers, employees or customers. In addition to an analysis of the distributional incidence of 
energy taxes on consumer energy spending, a full analysis of the effects of a general tax on energy 
will also need to assess which of these various groups shoulders the ultimate burden of an energy 
tax on industrial energy use, and what place they occupy within the income distribution. 
Sophisticated general equilibrium modelling will thus be needed if all aspects of the distributional 
incidence of a general energy tax are to be quantified.

One important aspect of this, in the cases of taxes on natural resources such as energy is the 
extent to which the burden of the tax will be borne by the owners of the resources, rather than by 
resource consumers. In a freely competitive market, the balance between energy consumers and 
the owners of energy resources (energy producers) will be a function of the price elasticities of 
energy supply and demand. The more price elastic is energy supply, and the more inelastic is 
energy demand, the more the burden of a tax on energy will tend to be borne by energy consumers 
rather than the owners of energy resources. Given the likely low price elasticity of energy demand, 
there is good reason to believe that a large part of the burden of a carbon tax would be borne by 
energy consumers rather than energy resource owners. This conclusion would be even stronger 
in the case of an energy tax introduced by only some countries; the impact of the tax on global 
energy demand would be smaller, than where a world-wide energy tax was introduced.

Taxes on consumer expenditures

As far as the direct effects on energy products bought by private households is concerned, additional 
taxes on domestic energy would be likely to have a regressive distributional impact (i.e. the 
additional tax would constitute a larger proportion of the expenditures for poorer households), 
although this effect may be offset by the broadly progressive distributional impact of taxes on motor 
fuels. An initial indication of the magnitude of these distributional effects can be obtained from 
survey data on consumers’ expenditure: for example, Poterba (1991) shows that a carbon tax in 
the USA would have a broadly regressive distributional impact, although he stresses that the 
regressivity appears less severe if a measure consistent with a "life-cycle" concept of distributional 
incidence is employed^®. Pearson and Smith (1991) show that a carbon tax on consumer energy

19 Poterba (1989) makes a similar observation regarding the distributional incidence of existing excise taxes in the US. 
See, however, Smith (1992), who finds less difference between distributional analyses based on current income and a 
iife-time income proxy, expenditure.
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purchases would have a broadly neutral distributional effect in many European Community 
countries, but the tax would have a much more regressive impact in the UK and Ireland. Scott 
(1991), too, finds that a carbon tax would have a regressive incidence in Ireland.

Whilst analyses based on the existing pattern of consumer spending can indicate the approximate 
distributional incidence of environmental taxes on particular goods or services, the approximation 
is poorer where households respond to the imposition of the tax by changing their pattern of 
spending away from the taxed items. Where behaviour changes, there are two types of distributional 
effect that may be of interest - changes in tax payments and welfare costs. The changes in tax 
payments wiil usually be less than the changes estimated on the basis of unchanged spending 
patterns, although they could be greater, if households substituted towards items that were already 
heavily taxed. The pattern of welfare costs may also be unevenly distributed across househoids, 
with poorer or richer households making a greater adjustment in their pattern of spending.

The conclusions of studies of the distributional effects of a carbon tax have varied, but there is a 
broad measure of agreement that, in some countries at least, a significantly regressive distributional 
impact could be expected. Pearson and Smith (1991 ), for example, in a study of the $10 per barrel 
carbon tax proposed by the EC find that for the poorest 20 per cent of the UK population, the 
additional payments of tax on household purchases of energy and motor fuels would be equivalent 
to more than 2 per cent of their total spending, compared with less than 1 per cent for the richest 
20 per cent.

Taxes on industrial inputs.

The indirect distributional effects of fiscal changes affecting industrial inputs have been less 
extensively studied and measured than the direct distributional effects of taxes imposed on goods 
purchased directly by final consumers. One reason for this is that the data requirements are much 
more substantial, encompassing information on both firms and individuals. A second reason is the 
complexity of the effects involved, and the absence of any simple rules of thumb for assessing 
which are likely to be of greatest importance.

If higher prices for industrial inputs are passed on to consumers in the form of higher prices for 
industrial outputs, there will be distributional effects given by the pattern of consumer spending, 
and the price changes for different industrial outputs. However, there may be various other 
distributional effects. If consumer demand switches away energy intensive goods and services, 
this may affect the profits of firms producing energy-intensive goods, and thus the incomes of their 
owners, and the wages and employment prospects of their employees. Depending on the 
complementarity or substitutability of different factors in production, effects could be felt on the 
return to capital and labour even outside the sectors directly affected.

The balance of these various effects on the distributional incidence of environmental taxes on 
industrial inputs cannot be predicted a priori. Some important considerations affecting the strength
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of different effects include the degree of monopoly in factor and product markets, whether 
international competitors face similar taxes, the degree of substitutability of different factors in 
production, and the speed of adjustment.

One simple quantification approach, however, which side steps many of the most intractable 
measurement issues, is to use data on the input-output structure of the economy to calculate the 
impact of a tax on inputs on the relative prices of different outputs, assuming the tax is fully passed 
on to consumers, and that no changes takes place to the pattern of inputs used in production. The 
change in relative prices can then be applied to data on the pattern of consumer spending to assess 
the distributional impact of the input tax.

These assumptions are strong, and probably only a reasonable approximation in the short-term. 
Over a longer time period, the assumption of no factor substitution in production is clearly 
restrictive^®. However, despite the limitations of the method, it has been used in a number of studies 
(Common, 1985; Symons, Proops and Gay, 1990) to provide a reasonably straightforward source 
of information on the first-round distributional effects of environmental taxes on industrial inputs.

Offsetting policies

The substantial revenues raised from a carbon tax provide scope for policy measures to offset 
undesired distributional effects, for example by reducing other taxes. The way in which the additional 
tax revenue is used will be critical in determining the overall distributional impact of a carbon tax. 
If the revenue is used in a way which maximises the "double dividend" efficiency gains, it will tend 
to be used to reduce tax rates. This will confer much greater benefits on better-off households, 
and the overall distributional impact of the carbon tax will remain regressive. The revenue could, 
however, be used in a way which returned at least as much, on average, to poorer income groups 
as they paid in carbon tax, by making a lump-sum return of revenues. Designing an effective 
lump-sum redistribution mechanism within existing tax and social security systems is complicated 
(Johnson, McKay and Smith, 1990), but could be approximated through a package involving 
increases in state pensions, social security benefits and income tax allowances^\ It is clear, 
however, that these measures are not those that would be chosen if it was intended to maximise 
the efficiency gains from reductions in other taxes that the carbon tax would permit. There is thus 
a clear trade off between efficiency and equity in the use of the revenues, and double dividend 
efficiency gains can only be achieved by sacrificing the distributional neutrality of the package.

20 Clearly the assumption of fixed coefficients and no factor substitution allows the carbon tax to have little impact on 
carbon emissions from production • the only reduction in carbon emissions under these assumptions comes from 
changes in final consumption spending.
21 it will be noted that some of these measures constitute public expenditure rather than tax measures. We see no 
difference in principle between increasing public expenditures by increasing the level of social security benefits and 
increasing "tax expenditures" by raising tax allowances, and the former cannot be avoided if poorer households are to 
be adequately compensated.

102



3. Tax and Environment: Survey

7 Conclusions - the scope for fiscal measures in environmental policy.

Environmental taxes hold out the prospect of more cost-effective pollution control than regulatory 
policies which are limited by the informational capacity of regulatory authorities. Much of the 
academic underpinning for this ciaim is weli-established, and the subject of a broad measure of 
agreement. The previous reluctance of policy makers to contemplate such measures has been 
the subject of considerable discussion (Hahn, 1989). Buchanan and Tullock (1975) have suggested 
that some of the poiitical resistance may reflect the interests of existing firms in policy instruments 
such as regulation which can deter competition from new entrants. However, there are now signs 
that the poiitical process may at last be starting to expiore the scope for practical applications of 
environmentai taxes.

The key issue in formulating fiscal policies towards the environment is the choice between poliution 
taxes based on measured emission quantities and environmental taxes with an indirect linkage 
between the tax base and pollution. How far can environmental policy objectives be achieved by 
restructuring existing taxes, such as indirect taxes on goods and services, and how far wili it be 
necessary to institute new tax mechanisms based on expiicit poiiution monitoring and control? The 
issue has been set out in this paper as a tradeoff between the administrative costs invoived in 
"purpose-built" taxes based on emissions, and the risks of inadequate "linkage" between tax base 
and pollution if "approximations" based on product taxes are empioyed. One half of this tradeoff 
has been weil expiored in the literature; for example, the risk that an environmentai tax might make 
matters worse where poiiuting and non-poiluting technoiogies cannot be distinguished, and the 
possible contribution of taxes on reiated goods in correcting inadequate linkage have been studied 
in a number of papers. The elements in the administrative cost side of the equation have been 
rather less well explored. Indeed, since administrative costs would seem to lie at the heart of an 
expianation for iimiting the use to be made of externality taxes, it is surprising that the literature 
on this is so sparse.

On the empirical side, major strides are being made in quantification of the effects of various 
possibie environmental market mechanisms, with a particular focus on assessing the importance 
of general equilibrium effects. There is a rich agenda for further work in this area. Besides quantifying 
the effects of environmental taxes on commodity demands, the pattern of competitiveness and 
production, prices and exchange rates, the income distribution, etc, empiricai general equilibrium 
models could also be used to assess the effects of raising revenue through efficiency-enhancing 
taxes on the overali welfare costs of the tax system. More generally, now that policy-makers are 
beginning to contemplate environmental taxes like the carbon tax which couid raise substantiai 
revenues, quantification of the whole range of public finance aspects of environmental taxes will 
be of increasing relevance. Models which simulate the effects of environmental taxes within a 
general equilibrium framework, and disaggregated models able to look at the impact on different 
groups, wiii both be useful in assessing the scope that environmental taxes would provide for other 
taxes to be reduced, and what the overali effects would be on the efficiency and equity of the tax 
system.
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4. Tax Expenditures

1 Introduction

Much of the recent interest amongst policy-makers in European Union countries in the potentiai 
for environmental tax reforms has concerned changes to the structure of indirect taxation, through, 
for exampie, the introduction of new excises on commodities iinked to poiiuting emissions. This 
chapter discusses the potentiai contribution to environmentai poiicy objectives that couid be made 
by a group of tax measures which have been discussed relativeiy iittle in the recent iiterature and 
in recent poiicy debates, nameiy "tax expenditures" in the form of acceierated depreciation or other 
provisions within the corporate tax system.

In Germany, accelerated depreciation provisions in the income tax iaw had untii the start of 1991 
been avaiiabie for investments in capitai equipment with a substantial environmental purpose, 
including equipment for reducing air poiiution, waste water discharges, noise, vibrations and waste), 
investments in capitai equipment qualified for the accelerated depreciation if the poiiution 
abatement aspect of the investment counted for at ieast 70 per cent of the value of the investment. 
On these investments, acceierated depreciation of up to 60 per cent was permitted in the fiscai 
year when the capital equipment was purchased or constructed, foiiowed by depreciation at the 
rate of 10 per cent annuaiiy thereafter untii the investment was fuiiy amortised. This compares with 
straight-iine depreciation rates applied to fixed investments in general of some 10-12 per cent\

Similar provisions for accelerated depreciation on investments in energy efficiency have aiso 
recentiy been aboiished in Germany. Untii the end of 1991, buiiding aiterations intended to reduce 
energy use or to promote use of renewabie energy, inciuding thermai insuiation and the instaliation 
of environmentaiiy-favourabie heating systems such as district heating, heat pumps and systems 
using soiar and wind energy, quaiified for accelerated depreciation on purchase or construction 
costs of up to 10 per cent in the first fiscal year, and each of the subsequent nine years^.

A number of other European Union countries operate simiiar systems of investment incentives for 
categories of poiiution controi expenditure; a recent OECD study found that the corporate tax 
systems of 14 OECD countries contained some form of provision for accelerated depreciation on 
environmental investments or other tax expenditures on environmental or energy conservation 
investments (OECD, 1993). The UK, however, does not have such measures, despite its past 
extensive experience of using more générai systems of investment incentives. More generaliy, 
such measures run counter to much of the générai poiicy trend in corporate taxation, which is to 
aim for a broadiy neutrai tax system, without speciai incentives favouring particular activities or 
investments.

1 In 1985 the provisions were appiied to investments to a total value of some DM 3,800 million, and it was estimated 
that in that year the acceierated depreciation provision reduced pubiic revenues by some 480 miilion (Rodi, 1993). 
Aggregate corporate profits tax revenues in 1985 were DM 42,500 miiiion.
2 The provisions were estimated to involve an annual revenue loss of some DM 500 billion.
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This chapter considers the issues raised by environmental tax expenditures in the form of corporate 
tax incentives for pollution abatement investments, such as those operated until recently by 
Germany. It begins by considering the case, in principle, for the complementary use of taxes and 
tax incentives to increase the responsiveness of polluters to pollution abatement incentives. It then 
sets out the various forms which environmental tax expenditures could take. It then considers the 
impact of investment incentives on different types of pollution control decision, and reviews the 
arguments for and against the use of such measures, focussing on their potential effectiveness 
as an environmental policy measure, issues of administration and enforcement, on budgetary 
policy aspects, and on their compatibility with international agreements on pollution policy 
(especially with the "Polluter Pays Principle"). A final section draws some brief conclusions.

2 The efficiency of investment incentives in a second-best context.

A first-best^ environmental policy would have no role for subsidy measures. It would employ market 
mechanisms in the form of taxes - specifically, in the form of emissions taxes directly related to 
the pollution damage caused by marginal emissions. As discussed in Chapter 3, environmental 
taxes would normally be preferable to policy measures based on subsidy, which may lead to 
inefficient abatement expenditures, and inefficient entry and exit decisions: in some cases, subsidy 
may increase rather than reduce aggregate pollution.

In considering how the existing fiscal system might be modified to introduce or strengthen 
environmental incentives, it will generally be more efficient to focus on indirect taxes as proxies 
for emissions taxes, than on direct tax adjustments - tax incentives - as proxies for abatement 
subsidies.

However, this preference for environmental taxes over environmental subsidies relies strongly on 
the feasibility, both from an administrative and from a political standpoint, of the first-best policy. 
There are good reasons to suspect that first-best policies, relying solely on taxing polluters in 
proportion to pollution damage, may not always prove feasible. In some cases, the level of taxes 
required will be very high. Powerful polluter lobbies may resist being required to pay for what they 
had previously regarded as an implicit property right to a given level of emissions. Governments 
may be unwilling to accept the shift in international competitiveness that could arise when high 
environmental taxes are levied on industrial processes. Social and distributional considerations, 
too, may require moderation in the taxation of polluting necessities - such as domestic energy.

3 It is Important to define In what sense the term "first best" is being used, if the term is not to become tautological or 
meaningless, in the discussion in this chapter, the "first best" poiicy should be understood to reflect maximisation of a  
government objective function in which aggregate economic welfare (inciuding appropriate valuation of environmentai 
effects) is the sole argument, and in which no account Is taken of the costs of administering and enforcing taxes and 
other poiicy instruments; in this context, distributional considerations, and considerations relating to the cost or feasibility 
of administration, are seen as constraints on attainment of the "first best" poiicy. it would, instead, be possibie to define 
the initial poiicy problem in such a way that these constraints were reflected in the specification of the objective function, 
in relation to such a modified objective function, of course, the various "second best" poiicy prescriptions discussed in 
this chapter would emerge directly in the solution to the poiicy optimisation problem. Using the former terminology here 
is simply intended to highlight the way in which the poiicy conclusions of the present chapter differ from those of 
discussions in which such practical constraints on the use of environmentai taxes are ignored.
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perhaps. And, in some cases, the levels of taxation required may In practice be unenforceable, or 
may provide undeslrably-high Incentives for evasion. All of these arguments may suggest that It 
may not be possible to set pollution taxes at a level as high as the first-best policy would require.

If policy Is constrained to less than the first-best level of taxes, other policy Instruments, which 
would be unnecessary In the first best, or which would be dominated by better Instruments In the 
first best, may become more attractive. In particular. If emissions taxes have to be set below the 
optimal level, policy Instruments which can Increase the environmental effects of a given level of 
emissions taxation (In other words, which can Increase the elasticity of polluter responses to 
emissions taxes) may be an Important adjunct to policy based on taxation of emissions or emissions 
proxies.

Subsidies for Investment In pollution control equipment and facilities may have the effect of 
Increasing elasticities In this way. As with more general Investment subsidies, subsidies for pollution 
control Investments can be paid either directly as explicit subsidies, or Indirectly In the form of tax 
reductions to Investing firms. The Issues raised by such tax Incentives Include some common to 
pollution abatement subsidy more generally, and others specific to the case of pollution abatement 
subsidies paid through the tax system.

In the next section we begin by setting out the various possible forms that Investment Incentives 
In the direct tax system could take. Then, In subsequent sections, we assess the potential for 
beneficial use of such Instruments under the following headings:

• potential effectiveness - for what types of environmental Investments might tax Incentives 
provide an effective stimulus to polluters to undertake greater levels of abatement 
Investment?

• Implementation - problems of Identifying qualifying Investments, and other practical and 
administrative Issues.

• transparency - how far does the relatively concealed nature of subsidies paid through the 
tax system undermine efficiency and accountability In public decision-making?

• compatibility with the PPP - are Incentives for pollutlon-control Investments paid through 
the direct tax system compatible with International agreements on the form of pollution control 
policies, such as the "Polluter Pays Principle?

3 Types of tax incentive

Tax Incentives for Investment can take a number of forms, but may be divided Into two broad 
categories, those (such as various forms of accelerated depreciation) that operate by postponing 
tax payments, thus reducing the discounted net present value of tax payments, and those (such 
as Investment tax credits) that reduce the undiscounted total of tax payments.
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• Tax postponement incentives. Most investment Is In assets which decline In value over time. 
Both accounting and fiscal definitions of profits generally take Into account this depreciation In the 
value of assets, and reduce reported or taxable profits by an estimate of the amount by which the 
value of the Investment has deteriorated during the course of each year. In a system with stable 
prices for Investment goods, the sum of these depreciation amounts over the lifetime of the project 
would equal the amount which Is required to replace the asset. Within the context of a tax on profits, 
a neutral depreciation system would provide depreciation for tax purposes corresponding as closely 
as possible to economic depreciation. In principle, therefore. It should reflect unanticipated 
economic or technological obsolescence as well as the gradual process of physical deterioration 
of assets. However, accurate measurement of economic depreciation Is technically and 
administratively difficult, and an attempt to use an estimate of genuine economic depreciation for 
tax purposes would Involve the tax administration In a large amount of arbitrary judgement and 
negotiation. In a situation where the taxpayer has access to considerably better Information than 
the revenue authorities. Most countries therefore utilise some form of standardised depreciation 
rule for tax purposes.

Accelerated depreciation allowances permit depreciation to take place at a faster rate, or over a 
shorter period, than would normally be permitted by the tax authorities. This Increases the net 
present value of the depreciation provisions and should. In theory at least, encourage a greater 
level of Investment.

The benefit conferred by accelerated depreciation arises through the change In the timing of the 
tax payment, rather than Its undiscounted amount; Its value to the firm Is the value of postponement 
of the tax liability.

A similar tax postponement effect Is achieved by Incentives which take the form of partial or full 
expensing (partial or full cost write-off) of assets purchased for pollution control. These 
arrangements allow a proportion of the cost of the Investment to be treated as a current business 
expense, and therefore deducted from profits In the year of the expenditure, rather than spread 
out over the full economic life of the Investment, as would normally be the case with Investment 
expenditures. The remainder of the cost of the Investment Is treated as an Investment expenditure 
and may be depreciated normally. As with accelerated depreciation, the value of the Incentive to 
the Investing firm arises from the postponement of tax liability, and hence from a reduction In Its 
discounted net present value.

It should be noted that most forms of accelerated depreciation confer greater benefits on long-lived 
assets than on assets with a shorter lifetime; the longer the lifetime of the asset, the longer. In 
general will be the period over which the tax can be deferred, and hence the greater the net present 
value of the tax deferral. Accelerated depreciation arrangements will thus tend to have a non-neutral 
Impact on the choice of pollution control method, biasing Investor choices In the direction of 
long-lived pollution control Investments. Systems based on Immediate expensing of the full 
Investment value, however, have a neutral Impact on the ranking of projects. A neutral Impact will 
also be achieved If partial expensing Is used, so long as the remainder of the value of the Investment 
Is depreciated In line with economic depreciation.
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• Undiscounted Tax Reduction incentives. In contrast to accelerated depreciation, a system 
of tax credits actually reduces the total undiscounted amount of tax paid by the Investing firm over 
the lifetime of the project. Under a tax credit system of Investment Incentives, a proportion of the 
cost of the Investment can be deducted from the tax liability. The asset, however, continues to be 
depreciated normally.

The potential distortlonary Impact of these types of tax reduction Incentives on Investment choice 
Is In the opposite direction to that of accelerated depreciation systems. In that they tend to favour 
shorter-lived assets (since the Incentive can be claimed more frequently).

• Provisions for firms with excess tax preferences. Since accelerated depreciation and tax 
credits will only be of use to firms If they are making profits (and hence liable to pay profits taxes). 
Incentives In these forms will confer no benefit on firms which are not making profits. If this limitation 
on the scope of the Incentive Is undeslred. It may be possible to overcome the problem by making 
unused tax Incentives refundable, or, more commonly, by allowing unused tax Incentives to be 
carried backwards or forwards to offset taxes payable In subsequent years. This allows new firms, 
and others with a low level of profits relative to their Investment costs, to derive at least some 
benefit from the tax Incentives provided through the corporate tax system, although the net present 
value of an allowance which Is carried forward at Its nominal value will generally be lower than It 
Is to firms which are able to make Immediate use of the allowance.

4 Effectiveness - the potential impact of tax incentives on poiiution 
abatement investment decisions

The Impact of Investment Incentives for pollution abatement measures provided In the form of 
accelerated depreciation or other tax expenditures will depend, firstly, on the underlying reason 
why Inadequate Investment Is undertaken In the first place, and secondly on the nature of the 
pollution abatement technology choices which the polluter faces. In the case of environmental 
policies, broadly conceived, there may be two different reasons for concern about the level of 
Investments. Investments may not be undertaken either because the returns to the Investment 
take the form of reductions In pollution or other social costs which are under-priced by the market, 
or because various forms of market failure prevent efficient, privately-profltable Investments with 
beneficial environmental effects from being undertaken.

4.1 Under-priced returns to investment.

The first reason for under-lnvestment In pollution control measures Is simply that certain 
soclally-deslrable Investments may not be undertaken because the potential returns to the 
Investment are unpriced, or undervalued, by the market. Thus, for example, polluters may fall to 
Invest enough In pollutlon-control equipment because they are not charged for the use they are 
making of the assimilative capacity of the environment. As discussed In Chapter 3, a first-best 
policy would be to levy taxes on the firm’s pollution reflecting the social costs that It causes.
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The first-best policy, based on emissions taxation, would encourage greater investment in 
abatement facilities (such as chimneys, filters and effluent treatment plants) where this was the 
most efficient method of pollution abatement. However, the emissions tax would also ensure an 
efficient balance between abatement investment and other methods of abatement (such as 
switching to a production process less liable to generate pollution, or reducing pollution by using 
less-polluting inputs, or simply reducing demand for industry output through increased product 
prices, etc), so that these other abatement techniques would be used where they were more 
cost-effective than investment in abatement facilities.

I n considering the range of ways in which the impact of investment incentives for pollution abatement 
measures provided in the form of accelerated depreciation or other tax expenditures may interact 
with pollution and production technologies and costs, three broad cases may be distinguished.

1. "Add-on", with no private benefit. Pollution abatement equipment which can be added on to 
existing production processes, to reduce the level of emissions, without otherwise affecting 
production outputs or costs. Examples might include emission filters, in cases where the materials 
recovered have no commercial value. This type of environmental investment has social value 
alone; it has no potential private value, whatever the cost of the investment.

It should be noted that in these cases, the failure to price the returns to poiiution control investments 
means that subsidies provided for pollution control investments will be wholly ineffective in 
encouraging any more investments to take place (Kneese and Bower, 1968). Where the investment 
has zero private benefit, the net present value in private terms of the investment will be negative, 
and a profit-maximising firm would not undertake the investment. Even if the cost of the investment 
is reduced by some proportion through an investment incentive, the net present value will remain 
negative, and the project wili still not be worth undertaking. In cases of this sort, where pollution 
abatement is wholiy separable from production technology decisions, and has no impact on the 
commerciai returns from an investment, subsidies for pollution abatement investments wiil be 
pointless. However, this is in some respects an extreme and limited example, where the technology 
for pollution abatement interacts with production costs and production technologies in a particular 
way. There are other circumstances where the stark conclusion of this argument will not apply. 
The argument does not apply, moreover, to cases where emissions taxes and investment incentives 
for pollution control are used in combination, since the emissions tax has the effect of providing 
the polluter with private incentives to take the social benefit of abatement into account; these cases 
are then similar to the next group to be considered.

2. "Add-on", with some private benefit. Pollution abatement equipment which can be added on 
to existing production processes, and which confers some partial private benefit in addition to the 
social benefit of reduced pollution. An example would be the case of an emissions filter which 
recovered materials with some commercial value. If the value of the recovered material is sufficiently 
high, the filter might be justifiable on grounds of the private benefits alone; the cases where public 
policy intervention would be desirable are where the private benefits are less than the cost of 
installation, but where the private and social benefits taken together would be sufficient to justify 
the cost of installation. The level of installation can be affected by changing the balance between
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the installation costs and the private benefit; the amount of installation can be increased either by 
reducing the installation costs, or by increasing the scale of the private benefit (for example by 
raising the price of recovered materials).

This category includes those cases where abatement investment subsidies are used in conjunction 
with an emissions tax; the emissions tax provides the potential investor in abatement facilities with 
some privately-appropriable benefits from the abatement investment.

3. "Integrated technology choices". Investments in which the pollution consequences cannot 
be separated from other elements in the technology choice. Investors face a range of possible 
technologies, each of which may have different private and social (environmental) costs and 
benefits; the combination of production and pollution characteristics involved in each technology 
option cannot be "unbundled" by the investor into two components, one of which comprises the 
production technology, and the other the pollution control component.

As in the previous case, investment subsidies, including accelerated depreciation or other tax 
incentives, would be liable to increase the level of investment in environmentally-beneficial 
technologies. However, important practical issues will arise in calculating the level of environmental 
investment subsidy that should be given in these cases where pollution abatement decisions are 
integrated with other aspects of the choice of production technology; it is not possible to identify 
a specifically "environmental" part of the total investment cost on which the environmental incentive 
can be given.

The distinction which has been drawn above between pollution abatement decisions which are 
separable from other decisions about pollution technology ("add-on" abatement measures), and 
those which are integrated with other aspects of production technology choices is closely related 
to a basic difference in pollution controi philosophy, between approaches which are based on the 
neutralisation of pollution problems generated during production, and approaches based on the 
application of "clean technologies".

Add-on technologies are those where the production process essentially remains unchanged but 
the pollutants produced during the course of the production process are converted into less harmful 
substances by the addition of an extra piece of equipment. Environmental policy measures take 
the form of neutralisation of potential pollution generated during production, but do not othenwise 
impact on production technology decisions. For clean technologies however, the waste is 
transformed into a substance which can be re-used in the production process or, alternatively the 
waste is not produced at all.

There may in practice be a number of reasons to prefer pollution-control policies based on clean 
technologies to those based on add-on technologies. Clean technologies may, for example, reduce 
the risk of accidental pollution, and minimise the incentive for deliberate non-compliance by "rogue 
" operators. They may also involve energy conservation and savings in raw materials. In the long 
run it may be desirable for pollution control policies to encourage abatement through the choice 
of clean technologies, rather than through effluent treatment and other add-on abatement 
measures. However, in the short term, policy will also need to encourage add-on measures by
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firms which are using existing technologies where add on measures constitute the only feasible 
approach to pollution abatement. There may also be reasons for caution in the premature 
encouragement of clean technologies, since these often tend to be newer innovations and may 
therefore have a substantially greater degree of risk associated with them, which firms would have 
to bear.

The implication of the above is that it will generally be desirable for any system of investment 
incentives to be designed in a way which is applicable to all forms of abatement which polluters 
may wish to undertake. It may not always be appropriate for policy to be wholly neutral in its impact 
on the choice between different forms of abatement investment (over the long run, for example, 
policy makers may wish to encourage the use of clean technologies, and hence abatement 
investments of type 3, whilst over the shorter run providing some encouragement to type 2 
measures). Nonetheless, to the extent that policy is not neutral between different abatement 
investments, this should generally be the result of conscious decision, rather than the accidental 
outcome of the rules by which entitlement to the incentive is operated.

4.2 Market failures.

A second possible reason for under-investment in pollution control facilities may be the existence 
of various forms of market failure or "barriers" to investment. These problems may exist in 
conjunction with problems of the first sort; alternatively, there may be some classes of environmental 
problem where such barriers may constitute all, or nearly all, of the reason underlying the lack of 
investment. In the latter cases, firms which undertake the investment may reap private benefits 
(in terms perhaps of savings in energy or other raw materials costs) which would be more than 
sufficient to warrant the investment on conventional decision-making criteria; nonetheless 
insufficient investment may be undertaken by these firms.

One explanation for why profit-maximizing firms may fail to undertake investments which would 
increase their profits may be the existence of various types of market failure, apart from externalities, 
such as informational failures, difficulties in appropriation, and capital market imperfections. There 
has been considerable research interest in the possibility that such market failures may prevent 
firms undertaking investments in insulation and other energy efficiency measures (Velthuijsen, 
1993)'*, but in principle such market failures could prove a barrier to efficient levels of investment 
of any sort. The more that the tax system is used to charge polluters for their level of emissions, 
the more attention may need to focus on whether polluters are responding efficiently to this incentive 
to reduce emissions.

• informational market failures. For relatively new technologies, it may be that firms are not fully 
aware that the technology exists or of the extent to which cost savings may arise were they to 
install it. Alternatively, new types of environmentally beneficial technology may be perceived to be 
more risky because there is less certainty concerning their reliability.

4 Policy has also been concerned with possibie market failures in domestic energy efficiency, for very similar reasons to 
those discussed here. See, for example, Brechling, Helm and Smith (1991) and Chapter 8.
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• capital market imperfections. If capital markets were perfect, then there should be no reason 
why firms should not be able to borrow from the capital markets to finance any project with a 
positive net present value at the market interest rate. In reality, firms may face interest rates 
significantly higher than the market rate, or may face other forms of capital rationing.

• difficulties in appropriation. Firms which undertake energy efficiency or pollution abatement 
investments may not be sure that they will be able to appropriate all of the gains. For example, 
investors may believe that not all of the value of the investment would be reflected in a higher price 
in a subsequent sale of the premises, equipment or facilities concerned. Similarly, in the case of 
firms occupying rented premises, they may be reluctant to invest because they may not be able 
to recover the full value of the investment if they subsequently move premises.

• regulatory obstacles. The structure of regulatory policies may influence the level or pattern of 
investment in undesirable directions. The traditional approach to environmental policy, particularly 
in the UK, has often emphasised using the ’best available technology not entailing excessive cost’ 
(BATNEEC) approach to production decisions, and maximum controls on the level of effluents 
discharged. Implicit in the concept of BATNEEC, however, is the adoption of existing technology 
that has a proven track record even though this may not stimulate the adoption of new more 
energy-efficient or less polluting capital. Polluters may also believe that under-investment in less 
polluting equipment reduces the risk of regulations being tightened up, through a ’ratchet effect’ 
on environmental standards.

• inappropriate decision rules. There is evidence to suggest that private sector investments 
may sometimes be made using inappropriate decision rules (Warren, 1987). Firms may use an 
excessively-high discount rate when calculating the net present value of an investment, or may 
base decisions on an inefficient rule such as the ’’payback period". They may do this for a number 
of reasons, including, perhaps, risk aversion on the part of managers, or "short-termism" on the 
part of certain categories of investors, encouraging over-emphasis on the achievement of high 
returns over a short period.

• internal decision-making structure. The internal organisation of firms needs to focus 
informational flows and decision-makers’ efforts on those decisions which are of most significance 
for the firm. Many firms are currently organised in a way which separates pollution decisions from 
information about the taxes the firm pays, reflecting the current very limited value in integrating 
these aspects of business decision-making. For either pollution taxes or tax incentives to have an 
effect on pollution and abatement decisions, it is necessary that changes in internal information 
flows and in decision-making procedures are made which bring together technology decisions and 
tax information. These changes will not be warranted where the tax payments or incentives are 
small. However, even where the potential gains to the firm from integrating tax and pollution 
technology decisions are large, rigidity in the firm’s organisational structure may mean that they 
continue to be overlooked.
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Where investment decisions are affected by the presence of certain market faiiures, the obvious 
policy response would be to try and correct the market failure. However, if this is not possibie, 
there may be some justification for having tax incentives or other conditional subsidies to induce 
a greater level of investment as a second-best policy, or alternatively to use tax incentives as part 
of a package of measures to correct for some of the consequences of the specific market faiiures. 
Nevertheless, the core of the market faiiures argument is that firms are not responding to existing 
pricing signals, in the sense that they are failing to undertake apparently profitable investments. It 
may therefore be reasonable to suspect that increasing the strength of price incentives may only 
have a limited impact on investment decisions. In some cases it may be sufficient to overcome the 
market failure obstacles, but in other cases the market failures may continue to prevent efficient 
investments being undertaken.

5 Implementation issues.

A system of tax incentives for poiiution abatement investments would require administrative 
procedures to assess entitlement to the incentive; the costs of this administrative system would 
constitute deadweight resource costs of the system, to be set against the potentiai environmentai 
gains. Using the direct tax system to provide poiiution abatement incentives is thus very different 
to using the indirect tax system to encourage reduced pollution; in the latter case, the modification 
of an existing tax allows the environmental incentive to make use of an existing administrative 
system at little extra administrative cost, whilst using the direct tax system to provide incentives 
for poiiution abatement investments may involve significant additional administrative costs. Is there 
likely to be any administrative saving from using the tax system for administration of subsidy in the 
form of a tax incentive rather than using a separate administrative system established for the 
purpose of paying direct subsidy?

Many of the operations needed to assess eligibility for the tax incentive would be very simiiar to 
those that would be required if, alternatively, a system of direct subsidy for poiiution abatement 
investments were used. These procedures would need to include an assessment of the investment 
expenditures against criteria designed to identify pollution-abatement investments from 
investments with no (or insufficient) poiiution abatement function. They would aiso require 
procedures to ensure that the investment expenditures had indeed been incurred, and that other 
formal conditions for subsidy entitlement had been met.

The first group of procedures, to identify the environmentai aspects of eligibility for the subsidy, 
may be more effectively undertaken by government environmentai agencies rather than by the 
fiscal authorities. In the case of a subsidy paid in the form of a tax incentives, the environmental 
agency would then need to communicate its decision about environmentai eligibility to the tax 
authorities; this need for inter-agency communication might be avoided by a system of direct 
subsidy.
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The second group of procedures could probably be undertaken as efficiently by the fiscal authorities 
as by environmental agencies. There may, indeed be some possible scope for economies of scale 
in combining the verification of the formal aspects of entitlement with other fiscal administration. 
These verification procedures might include checking that firms possess the relevant invoices, 
receipts and other evidence that the investment expenditure for which the tax expenditure or 
subsidy is being claimed had in fact been incurred. However, even where these activities can be 
combined with existing fiscal procedures, there will probably be a countervailing additional cost in 
terms of the extra complexity of tax administration, and so the possible savings from this source 
may easily be overstated. There may also be some administrative savings from using the tax 
system as a mechanism for payment of the incentive, although again these are unlikely to be large.

One key aspect of the administration of subsidies for pollution abatement measures (whether paid 
through the tax system or directly) is the identification of qualifying expenditures. Where and how 
should the boundary between pollution-abatement investment expenditures and other 
expenditures not related to pollution abatement be drawn?

The issue is straightfonward only in the first case of the three set out in Section 4.1 - that of "add-on" 
abatement measures with no private benefit. In this case, the investment in abatement facilities is 
clearly separable from other investment costs, and all of any expenditure clearly would qualify for 
the incentive. The identification of qualifying investments is less unambiguous in the second case, 
of "add-on" measures with some private benefit. Here, although the measure can be identified 
separately from other investments, it is no longer clear that its sole purpose is pollution abatement; 
if the private benefit were sufficient, the measure would be undertaken anyway, without subsidy. 
In this case, policy faces a choice between accepting that a proportion of the investments subsidised 
would have been undertaken anyway for commercial reasons, and introducing rules designed to 
identify only those pollution abatement measures which would not otherwise have been undertaken. 
Such rules to identify cases of "additionality" from the subsidy will be complex, and will require - 
in principle - substantial amounts of information of a type not readily available to public agencies, 
such as information on the private profitability of the investment in the absence of subsidy. The 
administrative problems in assessing eligibility are still greater in the third case, of investments in 
production technologies which have pollution and other consequences which cannot be separated. 
Here there may be no correct answer at all to the question of the amount of the investment which 
is attributable to pollution abatement; the pollution abatement is simply one consequence 
inseparable from the other effects of the technology which has been chosen. It may, perhaps, be 
possible to proceed by trying to devise some more or less rough-and-ready rules to judge how 
much subsidy to pay to integrated technology choices of this sort, but these are almost certain to 
be imprecise, given that they are attempting to separate something which cannot, in principle, be 
separated within the investment total.

The problem posed by the existence of abatement investments of the third type goes further than 
simply the costs of trying to devise a workable scheme for treating such investments. The tax 
treatment applied to investments of one type will affect the balance of incentives for choosing 
between the various possible abatement measures available to investors; an over-generous 
resolution of the problem of treating investments of the third type would tip the balance of incentives
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in favour of investments of that type in preference to pollution-abatement investments of other 
forms. As discussed in Section 4.1, an efficient pattern of pollution abatement may require that 
different poiluters choose different abatement methods, depending on their circumstances. 
Efficiency requires that the tax incentives should not encourage inappropriate methods to be 
chosen; other things (especialiy the environmental impact) being equal, the tax incentive should 
generally be neutral between different abatement methods. Where it is not possible to identify 
precisely the pollution abatement component of particular investments, this neutrality may be 
enormously difficult to achieve.

Even-handed tax treatment of a number of possible pollution abatement investments may be 
difficult to achieve, if in some cases they are of types 1 or 2 and in other cases they are of type 3. 
In the former case it may be possible to limit the size of the subsidy to the value of the add-on 
pollution abatement component oniy; however, in the latter case, the subsidy couid, with almost 
equal justification, be paid on the whoie investment, on none of it, or on some arbitrariiy-chosen 
fraction.

How iarge is it iikely that the response wouid be, in terms of additional abatement investment, to 
a given levei of investment incentive, offered in the form of acceierated depreciation for specified 
categories of pollution abatement investments? Existing empirical evidence relating to the effect 
of general investment incentives on the level of investment provides ambiguous evidence as to 
whether tax incentives induce greater levels of investment. Certainly the empirical work in the late 
1960s and early 1970s (Hall and Jorgensen, 1967; Feldstein and Flemming, 1971) concluded that 
fiscal incentives in the direct tax system could influence both the level and the location of 
investments. Subsequent studies have a wide dispersion in results, and provide no clear empirical 
consensus (Chirinko, 1989). It appears that temporary incentives may have rather larger effects 
on investment than permanent incentives at the same level, because they may induce changes 
in the timing of investments as well as in the investment ievel. For example, the very large, and 
temporary, incentive which arose during the reform of the UK corporate tax system in 1984 appears 
to have had an appreciable impact on investment leveis during the 1980s (Bond, Denny and 
Devereux, 1992).

The relevance of evidence about the effectiveness of générai investment incentives to the particular 
case of pollution-abatement incentives may be siight. The size of the response to environmental 
investment incentives depends on what are the obstacies impeding higher levels of such 
investment. Market faiiures may not be easiiy corrected by fiscal measures, since one aspect of 
market faiiure in this area may be poor responsiveness of potential investors to price signais.

6 Transparency

The various tax incentives discussed in this chapter invoive a reduction in taxes that would otherwise 
have been paid, conditional on firms undertaking certain specified investment measures. There is 
a close budgetary and economic similarity between such indirect ways of making payments to the 
private sector, and payment of a direct cash subsidy. This simiiarity is frequently emphasised by
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referring to the use of the tax system to deliver indirect subsidies as involving "tax expenditures" 
- reductions in taxes that would otherwise be paid. Tax expenditures may, however, have certain 
significant differences when compared to direct subsidy, especially concerning the quantification 
of the size of the incentives provided, and the "transparency" of the public decision-making process.

Precise definition of what constitutes a tax expenditure, and hence measurement of the scale of 
the incentive and implicit expenditure, is rather less straightforward than the intuition behind the 
general concept (OECD, 1984). Tax expenditures have to be defined in terms of a reduction in 
taxes that would otherwise have been paid. The concept thus requires some notion of a baseline 
tax system, without tax expenditures, against which yardstick the scale of tax expenditures can 
be measured. Unfortunately, it is difficult to reach a widely-agreed definition of what constitutes 
the baseline system. Within the corporate tax system, for example, should the baseline be assumed 
to be a classical system, an imputation system, or some other? Depending on what answers are 
given to this question, very different estimates may result for the level of tax expenditures, calculated 
as departures from the chosen baseline.

In comparison with direct subsidy, tax expenditures are considerably less transparent within the 
public budgetary system. This may have a number of implications. First, the scale and extent of 
tax expenditures is often unknown. Although some countries publish estimates of the scale of tax 
expenditures alongside their public budgetary estimates, these are subject to all of the above 
methodological and conceptual difficulties. Whilst use of the "tax expenditure" terminology may 
help to emphasise the nature of these provisions, the concept is nonetheless less clear and likely 
to be less well understood by decision-makers and the general public. Public decisions to make 
expenditures in the form of tax expenditures may be easier to make, given that the expenditure 
may be poorly-documented, or to some extent concealed. Generally, good practice with respect 
to public decision-making would frown on the deliberate choice of untransparent instruments to 
ease legislators' acceptance of a particular measure.

Secondly, decision-making processes with regard to decisions about tax expenditures may differ 
from those which have to be followed for direct subsidies; they may be more rigorous, or less, 
depending on the precise institutional arrangements. One aspect which will frequently be relevant 
is that total outlays in the form of tax expenditures will generally be less effectively controlled than 
expenditures on direct subsidy. Expenditures taking the form of direct subsidy can be cash-limited, 
or restricted in other ways to the total amounts specified in budgetary decisions. Outlays on tax 
expenditures will normally be the endogenous outcome of the rates and provisions of the tax 
system, and of the decisions by private sector agents to behave in ways which make them entitled 
to benefit from the tax expenditure. Depending on decisions taken elsewhere in the tax system, it 
may be possible that the value of subsidy paid in the form of tax expenditures could escalate 
rapidly, without any explicit budgetary decision being taken.

Third, tax expenditures may have different implications for the level and targeting of financial 
support or financial incentives compared to direct subsidy. The level of subsidy provided through 
a tax expenditure system will often depend on the tax position of the recipient; different taxpayers, 
for example, could receive different benefits if they would otherwise be liable to pay tax at different
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rates. Non-taxpayers will generally receive no benefit from tax expenditures. A particuiar category 
of non-taxpayers which is important in the present context are companies paying no tax, either 
because they are making losses, or because they are entitled to receive tax expenditures which 
in totai exceed the tax they would have paid in the baseline system.

7 Compatibility with the Polluter Pays Principle.

It has long been recognised that environmental policies in individual countries may raise issues of 
wider, international, concern. The existence of cross-country environmental spillovers, for example 
through flows of atmospheric poiiution across nationai frontiers, means that environmentai poiicy 
measures adopted in one country have significant external environmental effects in other countries, 
which may not be adequateiy reflected in national policy decisions. International discussion and 
coordination has become an important dimension of the formulation of environmentai poiicy in a 
number of areas where environmentai spiliovers are significant, especially policies relating to the 
global atmosphere, to acid rain, to pollution of certain rivers and seas, transport of dangerous 
materials, and regulation of economic pressures on endangered species.

In addition to these environmentai spiliovers, international policy discussions have aiso been 
concerned about possible international economic consequences of environmental policies adopted 
in individual countries. The extent to which the cross-country economic consequences of national 
environmental policies shouid be regulated through international agreements is much more 
contentious than the case for coordination based on environmental spillovers. It has been observed 
that the economic consequences of environmentai poiicies constitute a "price" that individual 
countries bear for environmental policy measures, and that wiliingness to bear that price wiii vary 
between countries. Some of the economic effects of environmental policy, especialiy those relating 
to the dispiacement of productive activities from countries impiementing stringent environmental 
regulation to countries with iess restrictive policies, simpiy reflect a mutually-beneficial trade 
between countries with different relative preferences for environmental quality and higher income. 
Requiring countries with low environmental standards to increase their standards of environmental 
protection to prevent this dispiacement wili require these countries to bear the costs of a levei of 
environmental protection higher than they would wish, and may aiso increase the cost of achieving 
a given levei of environmentai quaiity in the country with high standards of protection, by preventing 
it making use of international dispiacement of polluting activities, where this is the least-cost way 
of reducing its pollution.

Whiist this argument may suggest that there is iittie need for regulating the international economic 
effects of national environmental policies, there are in fact a number of other aspects of the 
economic effects of environmental policies which may be important, and which have been the 
subject of international coordination and reguiation. There are, in particular, a number of ways in 
which national environmental policies may be seen as giving scope for protectionist policies to be 
adopted by individual countries in the guise of environmental measures.
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One, which has been important in the EC context, is the possible use of national standards, 
regulations and tax provisions to discriminate, indirectly, between national producers and their 
foreign competitors. In the field of environmental taxation, the European Commission has been 
concerned that national tax provisions in individual member states to encourage use of returnable 
bottles, or to encourage the sale of motor vehicles fitted with catalytic converters, could be designed 
to give domestic producers a competitive advantage over producers from other member states. 
Similar problems could be envisaged with direct tax incentives for pollution abatement investments. 
There is a risk that individual countries could draw up the list of qualifying investments so as to 
include the products of national suppliers of abatement technologies, and to exclude the abatement 
technologies sold by their foreign competitors.

A second possible use of national environmental policies as disguised trade protection is the 
possibility that subsidies for environmental protection could be provided at higher levels than 
warranted by environmental considerations, thus providing a subsidy to domestic production more 
generally. International agreements on trade policy largely prohibit the use of government subsidies 
in trade policy. However, one problem in implementing these agreements is in distinguishing 
subsidies provided for reasons of trade protection from subsidies paid for other, more legitimate, 
purposes. Given the asymmetry of information (especially regarding the administrative application 
of national policies) between the country concerned and its competitors or international monitoring 
agencies, distinguishing legitimate from illegitimate subsidy will always be difficult.

For this reason, the countries of the OECD agreed in 1974 to implement the Polluter Pays Principle 
(PPP) in environmental policy. This rule requires that polluters should "bear the costs of carrying 
out pollution prevention and control measures mandated by government" (OECD, 1974). The 
precise interpretation of this rule has been extensively debated, and in recent years the 
interpretation of the PPP has increasingly been seen to provide positive support for the 
implementation of environmental taxes and other market mechanisms®. Nevertheless, its primary 
purpose remains in regulating the possible economic conflicts that may arise as a result of the 
environmental policy measures implemented by OECD members, by placing severe limitations on 
the use of subsidy measures in environmental policy. A rule of this form - outright prohibition - has 
the attraction that it is more likely to be verifiable (and, hence, credible) than a rule which draws a 
distinction between legitimate and illegitimate grounds for subsidy.

The argument in this chapter has suggested that there may, in principle, be a legitimate role for 
subsidy measures of certain types in environmental policy, where, for a range of possible reasons, 
"first best" policies based on emissions taxes at the optimal level prove infeasible. Policy packages 
of the sort advocated in this chapter, in which taxes and tax expenditures are combined to enhance 
the incentive effects achievable through (constrained) taxes alone, are to some extent a departure 
from the spirit of the PPP. The significance of this conflict with the PPP should not be downplayed, 
and may be an important reason for cautious implementation of measures of the sort advocated 
here, and adequate international monitoring and control of their operation. The PPP plays an

5 To date, tax incentives for abatement measures have generaiiy been on a modest scaie, and have been seen as iittie 
threat to the no-subsidy principie which the PPP seeks to maintain.
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important role in preserving the credibility of trade policy institutions, and policy changes which 
might undermine the clarity of the PPP may have wider economic costs which should be taken 
into account.

8 Conclusions.

A "first best" environmental policy, able to set pollution taxes at a level equal to the marginal social 
damage of pollution, would have no role for environmental tax expenditures, such as accelerated 
depreciation on environmentally-beneficial investments. Such measures would suffer from the 
general deficiency of subsidy in pollution control, which is that they may fail to lead to the optimal 
level of rationalisation in polluting industries; pollution-abatement subsidies maintain the profits of 
polluting firms at a higher level than pollution taxes, and thus tend to encourage an excessive 
number of firms to remain in the industry. The first-best policy may, on the other hand, be one in 
which the number of firms in polluting industries is reduced; exit, or bankruptcy, may be one of the 
processes through which the first-best policy has its desired effect.

There may, however, be difficulties with pursuing a first-best environmental policy of this form. 
One, of course, is that political constraints (arising, perhaps, from the lobbying power of polluting 
firms) may prevent governments using policy instruments which lead to significant exit. Another 
may be a constraint on the level of environmental taxes which may be set. For a variety of reasons, 
governments may be constrained to set pollution taxes at less than the first-best level. In this 
context, it is possible to develop a theoretical rationale for the use of pollution abatement investment 
subsidies, as a possible complement to pollution abatement incentives based on modest, 
constrained, environmental taxes.

The point of such a combined use of instruments is that the investment subsidies may play a role 
in increasing the elasticity of response to the limited environmental tax. Since the tax cannot be 
set at the first-best level, the combination of investment subsidy plus tax may induce greater change 
in polluting behaviour than could be achieved through the use of the tax alone. (Also, of course, 
it is possible that the payment of the subsidy could relax the constraint on the level of the tax, 
although this is not necessary for the argument).

A theoretical case for the use of environmental tax expenditures, in the form of investment incentives 
for pollution-reducing investments, can thus be made. How cost-effective, in practice, would such 
a policy be likely to be?

The environmental impact will partly depend on the nature of the pollution control technologies 
which are available. Where these take the form of "pure" technologies, in which the investment is 
added to existing production processes, and confers no benefit other than the social benefit of 
pollution reduction, subsidising part of the cost would not be likely to have any impact on firms' 
decisions. There are, however, a further group of pollution control investments which reduce private 
costs or confer private gains, perhaps in the form of materials recovery. Subsidy might, in principle, 
be effective in increasing the level of such investments; it could be paid either directly, or indirectly 
in the form of tax incentives for pollution abatement investments. In addition, a combined package.
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involving both subsidy and emissions taxation, could be effective, even where subsidy alone would 
fail, since the emissions taxation would provide the firm with a private benefit from reduced 
emissions.

Evidence from experience with more general investment incentives suggests that the effects might 
be quite modest. There are major difficulties in the way of empirical investigation of the impact of 
investment incentives; however studies of incentives paid through the tax system in the US and 
the UK during the 1970s and 1980s do not suggest that the effects have been large. Some effect, 
however, has clearly been found of the very large, and temporary, incentive which arose during 
the reform of the UK corporate tax system in 1984. Not all of this experience may be relevant to 
the case of tax Incentives for pollution abatement investments: these require closer integration of 
tax and technology decisions than is usual in existing business practice.

The aspect of experience which gives most reason for caution in the widespread application of 
environmental investment incentives is the practical difficulty of assessing eligibility for the 
incentive. The problem Is one of policing the boundary between qualifying and ineligible categories 
of investment. Even with incentives requiring apparently quite simple eligibility criteria to be applied 
(such as those limited to manufacturing industry, for example), borderline cases have often proved 
difficult to handle. In the case of environmental incentives, the difficulties of defining what forms 
of investment should qualify, and of distinguishing between the qualifying and ineligible components 
of major investment projects would be formidable, and potentially a source of distortion and 
inefficiency in firms' poiiution abatement technology choices.

Similarly, careful consideration needs to be given before measures which undermine the role of 
the Polluter Pays principle are adopted. The PPP plays a valuable role in preventing environmental 
policy measures being subverted into a process of trade-distorting competitive subsidy. On the 
other hand, we have argued that there may also be strong arguments for greater use of Investment 
subsidies in environmental protection, and that politically-feasible policies which rely on 
environmental taxes alone are unlikely to maximise the incentive for environmental protection.
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Introduction

In September 1991 the European Commission announced proposals for a Community carbon tax. 
A written Communication to the Council (Commission, 1991) set out the Commission’s reasons 
for the proposal, and, in particular, the role which the tax and other, non-fiscal, measures were to 
play as part of the Community’s contribution to international action to reduce the risks of global 
warming. The Communication also gave broad details of the tax, although a number of key issues 
concerning its structure and operation were left unresolved. More detail of the Commission proposal 
was then provided in the form of a draft Directive, issued in June the following year (Commission, 
1992). This draft also made a number of changes of emphasis and detail from the scheme 
suggested in the earlier Communication, especially concerning the preconditions for its 
introduction, in terms of international agreement and coordination, and concerning the treatment 
of energy-intensive sectors of industry.

As noted in Chapter 2, the proposal met with opposition from some member states, and was not 
implemented. The current focus for discussion concerns a less-ambitious proposal for a Community 
framework to regulate the forms of carbon tax which might be introduced, as a matter of national 
policy, in some member states. The issue of coordinated Community-wide introduction at a 
harmonised rate, which proved a particularly controversial aspect of the initial proposals, is not 
currently under consideration.

This chapter considers a number of issues prompted by the Commission’s initial proposals, 
concerning the efficient specification of the carbon tax base. How should the tax be structured, in 
order to achieve both efficient administration, and efficient environmental responses? It is observed 
that there are interactions between considerations of environmental efficiency, administrative 
efficiency, and revenue allocation. These are complicated by the need to accommodate various 
features of the Commission’s proposals, especially those concerning the treatment of external 
trade and exempt sectors.

Following this introduction, the paper is in five main sections. The first gives a brief description of 
relevant details of the Commission’s proposals. The second section introduces two basic options 
for the specification of the carbon tax base, described as "primary" and "final" carbon tax 
respectively, and discusses the implications of this choice for the environmental efficiency of the 
tax. The third section sets out the revenue allocation issues which arise in the choice between 
primary and final forms for the carbon tax, whilst Section 4 reviews briefly a number of further 
issues. A final section draws some conclusions about the relative merits of the two approaches.

1. The Commission’s Proposais

The tax proposed by the Commission was to be a combined carbon / energy tax; in other words, 
a tax ievied partly on the carbon content of fossil fuels, and partly on the energy content of all 
non-renewable forms of energy. Thus, fossil fuels such as gas, coal and oil would bear a tax 
comprising two components, one related to their carbon content, the other related to their energy
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content. Non-renewable forms of energy other than fossil fuels (mainly nuclear power) would be 
subject to the energy-related part of the tax, but would not bear the carbon component. Overall, 
the two components were to be combined in equal proportions, in the sense that half of the tax on 
a typical barrel of oil would be related to the carbon component and half to the energy component.

The introduction of the tax was to be phased over a period of seven years, starting in 1993 at an 
initial level equivalent to $3.00 per barrel of oil, rising in stages to an eventual level of $10.00.

The Commission proposed that the tax should be introduced on a coordinated basis throughout 
the member states of the Community, but that the revenues from the tax should accrue to the 
exchequers of member states. It would be for member states to decide what would be done with 
the revenue - for example, to choose which other taxes might be reduced. However, partly in order 
to avoid the charge that it was advocating an increase in the overall burden of taxation, the 
Commission stressed that the tax should be introduced on a revenue-neutral basis - in other words, 
the revenue should be used to reduce other taxes rather than to Increase public spending.

The initial Communication included provision fora number of sectoral exemptions from the carbon 
tax, which would have exempted from the tax a number of highly energy-intensive sectors, such 
as the steel and cement industries. The rationale for these exemptions was set out in terms of the 
effects that a carbon tax could have on the international competitiveness of energy-intensive 
sectors, and it has been suggested that the subsequent removal of the sectoral exemptions might 
have been made conditional on the adoption of similar legislation in competitor countries, especially 
in the United States and Japan.

This part of the proposal was substantially modified by the time the draft Directive was issued in 
June 1992. In part this reflected a strengthening of the "conditionality" requirement that other OECD 
countries should introduce similar measures; the draft Directive explicitly required that the EC tax 
should not be introduced until other OECD countries had brought in a similar tax "or measures 
having an equivalent financial impact" (Art 1.2)\ Instead of a general exemption of energy-intensive 
sectors, it was proposed that special provisions granting temporary tax exemptions and tax 
reductions and refunds should apply to "firms with a high energy consumption that are seriously 
disadvantaged on account of an increase in imports from third countries" which had not taken 
similar measures. In these cases, member states could apply to the Commission for authorisation 
to grant one of two forms of relief from the tax. Where the firms concerned had total energy costs 
above 8 per cent of value added, member states could grant a graduated reduction in the carbon 
tax payable, or an equivalent refund; in other cases a full, but temporary, exemption (or, again, an 
equivalent refund) could be made, so long as the firms had made "substantial efforts to save energy 
or to reduce carbon dioxide emissions" (Art. 10).

1 The requirement that measures should have an equivalent financial impact would presumably be met by a scheme of 
auctioned tradeable permits; it is not clear that it would be satisfied if other countries achieved similar levels of 
abatement through regulatory policies, moral suasion, poiiution-abatement subsidies, or even "grandfathered" tradeable 
permits.
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In addition, the 1992 Directive also provided for the carbon/energy tax to be reduced or refunded, 
to provide a system of investment incentives for investments which improve the efficient use of 
energy or which limit carbon dioxide emissions. The refund would be equivalent to the full value 
of the investments made, and these incentives would not be limited by the amount of carbon tax 
paid in any period, but could be carried fonward, to be offset against future tax. The terms on which 
the investment incentives would be available (for example, the reference period over which the 
investments would qualify) would have been determined by the Commission, which would then 
have provided instructions to member states for their implementation.

2. A "Primary" or "Final" Carbon Tax?

Chapter 3 has discussed the general issues involved in the choice between environmental tax 
instruments directly related to polluting emissions and those which, instead, are based on an 
indirect relationship between polluting emissions and some other tax base which is assumed to 
be linked to the amount of pollution caused. The carbon tax occupies an intermediate position 
between the two extremes of a tax levied on measured polluting emissions, and the use of existing 
taxes to provide environmental incentives. On the one hand, the carbon tax is not a tax based on 
measured emissions, but on a presumed (albeit very close) linkage between carbon content and 
carbon emissions. On the other hand, however, the proposed carbon tax does not simply reflect 
a restructuring of the existing tax system. The tax would have similarities with some of the excise 
duties operated by European Community countries, such as those on mineral oils, and some 
aspects of the administration of excise duties could be used as a model for the design of an 
administrative system for carbon taxes. Indeed, it could be appropriate to seek to incorporate the 
existing excise duty mechanisms for mineral oils into the carbon tax system, although, as described 
below, this may not always be straightfonward. However, certain energy sources such as coal 
which are currently wholly untaxed would be taxed under the carbon tax proposal, and, at the very 
least, new administrative apparatus would be required in order to tax these fuels.

The practical details of how the proposed EC carbon/energy tax would be administered are not 
discussed in detail in Commission (1991), and appear, indeed, to have been the subject of less 
consideration than other aspects of a carbon tax by academic and other commentators. One 
exception is the discussion in Cnossen and Vollebergh (1991), who consider the administration of 
a carbon tax as an extension of the approach adopted for other fuel excises, and who discuss a 
number of administrative issues, including questions of duty suspension and enforcement, which 
arise in the case of existing excises. In the European countries (Sweden, Nonway, Finland, the 
Netherlands and Denmark) which have actually introduced carbon taxes these, too, have taken 
the form of extended systems of fuel excises, levied using the existing administrative mechanisms 
for excise taxation. Indeed, in some cases the taxes amount to little more than a re-naming of 
some part of existing fuel excises, coupled with some restructuring of rates. The rates of tax are 
defined separately for each fuel, in terms of fuel quantities, and the sense in which the taxes 
constitute carbon taxes is simply that relative tax levels on different fuels are set at a level which 
equates the implicit rate of tax per unit of carbon across fuels. Even this requirement is not, however, 
always observed; in Denmark and Norway, for example, some fuels are not subject to the carbon
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tax. Also, the level of tax can vary across types of energy user; in Sweden, in particular, the 
extensive provisions for refunding the tax to industrial energy users mean that the full tax rate is 
effectively levied only on energy use by private households.

The presumption that a carbon tax should naturally be implemented using an extension of the 
approach employed for existing excise duties on fuels may, however, be questioned. Although this 
is the approach which has been adopted in the existing carbon tax applications, this chapter will 
show that at least one other scheme for administration could be contemplated, with significant 
advantages, in at least some respects, compared to the excise duty route. In particular a contrast 
is drawn between two possible schemes for implementing a carbon/energy tax of the form 
advocated by the Commission, one which would follow closely the route adopted in the existing 
applications, and the other taking a different approach.

To simplify the discussion, the argument is conducted simply in terms of a tax on carbon content 
alone, in which the amount of tax is related to the carbon content (and, hence, the potential to give 
rise to carbon dioxide emissions) of each different fuel. Although the Commission was in practice 
proposing a hybrid carbon-and-energy tax, in which the tax base would be related both to the 
carbon content and the energy content of fuels, the administrative issues are much the same as 
those for a pure carbon tax; the description of the tax base is merely a little more cumbersome.

The most difficult decision about the administration of a carbon tax concerns the stage in the 
production chain at which the tax should be levied. Most fuel products go through a series of stages 
of production, refining the raw, or "primary", fuel to produce the fuels which are actually used by 
industries and households - "final fuel products". It should be possible to conceive of a carbon tax 
imposed at various points during this successive process of refinement; the two forms of carbon 
tax described in this chapter are levied at the beginning and at the end of the process respectively 
(Figure 1). Thus the two basic types of carbon tax considered are:

(i) a "primary" carbon tax, levied on primary fuel products where they are mined, extracted
or imported;

(ii) a "final" carbon tax, levied on final fuel products - in other words, on the fuels sold to
industrial users or households.

A primary carbon tax would thus apply to products such as crude oil, coal, and gas. A final carbon 
tax would apply to the fuel products produced from these primary fuels, such as coke, anthracite, 
four star petrol, and so on. For the purposes of operating a final carbon tax, it would be possible 
to consider the electricity industry as either a producer of a final fuel product, electricity, or as a 
user of final fuel products in an industrial process. The issues involved in levying the carbon tax 
on the electricity industry are discussed later in this chapter, and are for the moment left on one 
side.
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In both cases, the tax would need to take the form of a specific tax, in other words, a tax related 
to the quantity of some physical attribute of the taxed product - tonnes of carbon, or joules of 
energy. An ad valorem structure for the carbon tax would clearly be inappropriate, since some of 
the cheaper fuels, such as coal, are associated with particularly high carbon emissions.

Figure 1.

"Primary" and "Final" carbon taxes.
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At first sight, a carbon tax of the "primary" type would appear to be more straightforward to 
administer. The range of fuels involved is less, and the number of taxable individuals Is much 
smaller. Generally, the plants involved in mining or extracting primary fuels operate on a very large 
scale, and the number of producers which need to be controlled and taxed is therefore small. With 
fewer taxable individuals, administrative costs would be expected to be low, and there would be 
scope for tight supervision to prevent evasion.
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The fact that the tax would be applied at an earlier stage in the production chain would not 
necessarily imply that it would have different economic effects from an equivalent tax levied on 
final fuel products. Whilst there is an important economic issue about whether the ultimate burden 
of the carbon tax would be borne by fuel consumers and the consumers of goods produced using 
fuels in the course of manufacture, rather than being passed back to the owners of fuel resources, 
no great difference would be expected in the effects on fuel prices of a primary carbon tax compared 
with a final carbon tax. To the extent that a carbon tax would be borne by fuel consumers rather 
than the owners of fuel resources, the burden of a primary carbon tax would generally be passed 
on in the prices of fuel products according to their carbon content, and the prices of fuels purchased 
by industry and consumers would be likely to be much the same as if an equivalent final carbon 
tax had been levied.

The issues under discussion here are thus different from those involved in the literature on the 
relative merits of energy taxes levied on energy production and levied on energy consumption. In 
this literature, the choice of tax basis clearly affects the cross-country incidence of the energy tax 
burden (a production-based tax benefits energy-producing countries at the expense of 
energy-consuming countries). A further dimension, discussed by Hoel (1994c), is that the choice 
between the two bases may affect the incentive for countries to free-ride in an international 
agreement on carbon abatement, and may influence the trade consequences for countries 
imposing a carbon tax when others do not. In the discussion in this chapter, however, it is assumed 
throughout that the carbon tax being implemented would be of the consumption type; the primary 
and final carbon taxes simply reflect two alternative ways of achieving this. A carbon tax of the 
production type could also be implemented through either route; the main difference would be 
whether and how the carbon tax would be adjusted on traded energy.

A final carbon tax would be levied on the fuel products sold to final consumers. It would not actually 
be necessary to levy the tax at the retail level, but merely to identify those wholesale deliveries 
that were being made to distributors and retailers, rather than for further processing. Broadly, 
therefore, it would operate at a similar point in the production and distribution chain to the existing 
excises on mineral oils, and would require similar administrative and enforcement procedures, 
including close supervision of all fuel extraction, distribution and processing activities up until the 
point when the tax is levied (see Cnossen and Vollebergh, 1991).

A final carbon tax would require the system to cope with a greater number of fuels and producers 
than a primary carbon tax, although it would have the offsetting advantage that the existing mineral 
oil excise system could be used to administer part of the carbon tax. Its principal drawback, however, 
is that unlike a primary carbon tax, the level of tax that should be applied to a particular fuel cannot 
be determined simply on the basis of the characteristics of the fuel. During the various stages by 
which primary fuels are transformed into final fuel products, considerable amounts of energy may 
be used, with associated emissions of carbon dioxide. Thus, for example, in transforming coal into 
coke, a process of combustion takes place, resulting in a refined fuel product, containing less 
carbon and less energy than the original coal, but in a form which can be burned more efficiently 
in certain industrial and domestic applications. Unless the use of coke is not to be fiscally 
advantaged, the emissions of carbon dioxide during the process of coke production cannot be
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disregarded in caicuiating the amount of carbon tax that should apply to coke. To do so would 
encourage the inefficient use of coke over coal in appiications where the overall emissions of 
carbon dioxide, taking into account both the emissions in coke production and from the subsequent 
burning of coke by final users, actually exceeded the carbon dioxide emissions from the direct use 
of coai. In effect, unless the carbon emissions during fuel refining were refiected in the taxes applied 
to final fuel products, there would be an undesirable incentive towards the use of highly-refined 
fuei products, in which as much as possible of the carbon dioxide emissions have taken piace 
before the tax is appiied.

The implication of this, however, is that to calcuiate the carbon tax to be applied to a finai fuei 
product requires information not only about the actual carbon content of the fuel, but also about 
the carbon emissions associated with its production. This means that the amount of tax to be 
applied to a particular final fuel product can no longer be determined simply by reference to its 
physical characteristics (which wouid provide a straightfonward and uncontroversial basis for 
administration of the tax) but requires in addition that these measurements be supplemented by 
assumptions about the carbon emissions associated with its past history.

Unless a final carbon tax is to be applied in a whoiiy-discretionary manner, based on judgements 
about each individual case, it will be necessary for the amounts of tax relating to carbon emissions 
during processing to be based on specified standard amounts, based for example on average 
emissions (carbon "losses") during processing. Unfortunately, to do this weakens the incentives 
for economy in carbon emissions during processing, since producers that have emissions during 
processing which exceed the average are taxed on the basis oniy of the standard amount.

It also does not deal adequately with the situation where a particular final fuel product can be 
produced from primary fuels which differ in the amount of processing needed to get to the finai 
fuei product. A given finai fuel product would be taxed at the same average rate, regardless of 
whether it was produced from "near" or "distant" primary fueis. Moreover, it is ciear that in such 
cases the possibiiity of estabiishing actual emissions during processing may not even exist; the 
fuei may have passed through various stages, and the firm producing the final fuel product may 
not even know the full details of its past history.

The difficulty of defining appropriate rates of tax for final fuel products is enhanced where a process 
of refining leads to more than one final fuel product. In the case of oil refining, for exampie, a single 
input (crude oil) is transformed into a large number of different fuel products (heating oils, petrol, 
kerosene, etc.), and the process of transformation invoives the use of energy, with associated 
carbon dioxide emissions. How shouid these emissions be aliocated between the various final fuel 
products, so as to calculate the rate of carbon tax that should apply to each?

All of these arguments amount to a strong case for considering a carbon tax on primary fuels to 
be much more practicable from the point of view of administration than a carbon tax on finai fuel 
products. Unfortunately, however, the difficulties of defining appropriate carbon tax rates for final 
fuel products cannot be avoided, even if a carbon tax that is basicaliy of the primary type is adopted. 
There are two reasons.
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First, if (as is assumed throughout this paper) the carbon tax is intended to be levied on European 
countries' consumption of energy (rather than European countries’ energy production), it is 
necessary to arrange for the carbon tax to be levied on imported energy, and to be rebated on 
energy exports. Because fuels are traded internationally both in the form of final fuel products and 
in the form of primary fuels. It is necessary to define a set of tax rates for intermediate and final 
fuel products to be applied when fuels are imported. These tax rates need to reflect both the carbon 
content of the fuel product, and the carbon emissions involved in its processing, so that the burden 
of tax on the imported fuel matches the burden of the primary carbon tax passed on to final fuel 
products.

Second, if a carbon tax is imposed on fuels at the primary stage, the initial allocation of carbon tax 
revenues between Community member states will not match the pattern of carbon dioxide 
emissions. If it is intended that the allocation of revenues should match the pattern of emissions, 
it will be necessary to devise a mechanism to channel revenues to the country of consumption, 
and this will generally require information on the carbon content of all fuels traded within the 
Community. The specific issues that this raises are discussed in the next section.

3. Revenue Allocation between Member States

The European Commission’s carbon tax proposals make clear that the revenues from the carbon 
tax should accrue to member states, rather than to the Community as a whole. The issue thus 
arises as to how the revenues should be divided up between member states. Although the 
administration of a carbon tax may be undertaken by the revenue authorities of member states, 
different types of carbon tax will allocate the revenue between member states in different ways. 
The allocation of revenues by different types of carbon tax may be a consideration in choosing the 
type of carbon tax to be operated. Alternatively, it may be worth considering whether it is possible 
to adjust the pattern of revenues, so that objectives regarding the allocation of revenues can be 
separated from the choice of taxation system.

Where a carbon tax is levied on primary fuels, the pattern of revenues accruing to member states 
will reflect the pattern of primary fuel production. If the carbon tax is also applied to fuel imports, 
the initial allocation of revenues from fuel imports will accrue to the country in the Community where 
the fuel import takes place. A primary carbon tax would thus tend to make a larger revenue 
contribution to those member states where coal, oil and gas are mined or extracted, and to member 
states with ports through which fuels from outside the Community are imported.

On the other hand, a carbon tax imposed on final fuel products would tend to allocate revenues 
to member states according to the pattern of deliveries of final fuel products to industrial and 
domestic purchasers. In general, the allocation of revenues between member states will be much 
closer to the pattern of consumption of carbon-based fuels.
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A rough estimate of the difference in the pattern of revenues for the proposed European carbon 
tax at its full $10 per barrel level Is given In Table 1, assuming 1990 levels of production and 
consumption^. The first panel of the table allocates revenues between member states according 
to the country pattern of energy consumption; the second allocates what In principle should be the 
same revenue total according to the pattern of production and (net) Imports of energy^.

Overall, the revenues from a $10 per barrel carbon tax levied on 1990 energy consumption would 
be some 1.2 per cent of EC GDP. With the "final" carbon tax country revenues would range from
0.9 per cent of GDP In Italy and Denmark to 2.8 per cent of GDP In Luxemburg (which has a highly 
energy-intensive Industrial sector). With a "primary" carbon tax, revenues would range from 0.8 
percent In Ireland and Denmark to 3.2 per cent In the Netherlands. The most significant reductions 
In revenues, compared with the "final" tax, would be In Luxemburg and Belgium where revenues 
would be roughly halved; In Germany revenues would be lower by about a quarter, equal to nearly 
ECU 4 billion.

Clearly member states may differ In their Interests as regards the choice of one or other revenue 
allocation. But are there any general considerations which might suggest a revenue allocation 
based on production or on consumption should be preferred?

One consideration Is that the allocation of revenues between member states Is likely to be more 
uneven If based on the pattern of production. Production of primary fuels Is concentrated In few 
member states (UK oil and gas production, Dutch gas production), and a large proportion of the 
Community’s Imports of fuel from outside the Community arrive In a few large ports.

A second consideration reflects the Incidence of the ultimate burden of the carbon tax. If the effective 
Incidence (the final "destination" of the tax burden) Is on the consumers of carbon-based fuels, 
then a pattern of tax revenues which corresponds to the pattern of consumption will minimise the 
redistributive Impact of the tax between member states; broadly speaking, national governments 
will receive revenues which will correspond to the additional costs of fuel to their residents. On the 
other hand. If the carbon tax Is Incident on fuel producers (or on the owners of carbon-based fuel 
resources), then an allocation of carbon tax revenues which leads to little redistributive Impact 
between member states may be harder to achieve. It Is unlikely that the allocation of revenues 
resulting from a "primary" carbon tax would have this effect, for two reasons. First, the owners of 
oil and gas resources will not necessarily be residents of the country where the resources are 
located. In addition. If the burden of the carbon tax falls on resource owners, the revenues from 
the carbon tax on Imports would accrue to the Importing member state without any corresponding 
burden of final Incidence on any Community resident.

2 The figures also assume that arrangements for duty suspension would apply for imported energy until it reaches its 
initial EU customer. For example, oil imported through Rotterdam for a German customer counts as a German import; 
only if the oil is traded in the Netherlands would it count as a Dutch import. This assumption is broadly consistent with 
the basis on which the trade statistics used in caicuiating Table 1 have been compiled. Without this assumption the 
divergence between primary and final carbon tax revenues would be much greater.
3 In practice, of course, since the estimates are based on applying the appropriate carbon/energy tax rates to 
production, consumption and trade data which have not been reconciled to satisfy the identity between 
production-plus-net-imports and consumption, it is not to be expected that the estimated revenue totais for the EC as a 
whole would be identical in the two cases. In practice, in the table they are remarkably close, which is largely 
coincidental.
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Table 1

Estimated carbon tax revenues In EC member states, on the basis of 1990 patterns of energy 
production, consumption and trade.

(a) "Final" carbon tax (revenues allocated according to consumption)

Revenues (ECU bn) as percentage of GDP as percentage of total 
tax receipts

as percentage of 
Indirect tax receipts

Germany 14.2 1.2 3.2 11.8
Spain 4.4 1.1 3.3 11.7
France 9.4 1.0 2.3 8.2
Ireland 0.6 1.7 4.5 10.7
Italy 8.0 0.9 2.4 8.5
Netherlands 3.5 1.6 3.5 13.2
UK 11.4 1.5 4.0 13.3
Belgium 2.4 1.6 3.5 13.7
Denmark 1.0 0.9 2.0 5.8
Greece 1.2 2.4 6.6 14.3
Luxemburg 0.2 2.8 5.6 23.6
Portugal 0.8 1.8 5.1 11.7

EC 12 57.1 1.2 3.1 10.7

(b) "Primary" carbon tax (revenues allocated according to production and net extra-EC 
imports)

Revenues (ECU bn) as percentage of GDP as percentage of total 
tax receipts

as percentage of 
Indirect tax receipts

Germany 10.5 0.9 2.4 8.7
Spain 4.6 1.2 3.5 12.3
France 8.4 0.9 2.0 7.3
Ireland 0.3 0.8 2.1 4.9
Italy 8.3 1.0 2.5 8.8
Netherlands 7.1 3.2 7.2 27.2
UK 13.2 1.7 4.7 15.4
Belgium 1.3 0.9 1.9 7.6
Denmark 0.8 0.8 1.7 5.0
Greece 1.4 2.8 7.5 16.5
Luxemburg 0.1 1.1 2.3 9.6
Portugal 0.8 1.7 5.0 11.4

EC 12 56.8 1.2 3.1 10.6

Sources: Production and consumption figures for eight separate fuels from EUROSTAT (1993) Energy Yearly statistics 
1991, "Energy Supplied" balance sheet, pages 48-61. Net extra-EC Imports figures based on total exports and Imports 
figures for separate fuels from the same source, adjusted to represent extra-EC trade only by multiplying by the ratio of 
extra-EC exports (Imports) of energy (SITC Section 4) to total exports (Imports) of energy for each country taken from 
EUROSTAT External Trade and Balance of Payments Statistical Yearbook, 1993, pages 66-69. Carbon/energy tax rates 
calculated as In Table 4.7, but In 1990 prices. Figures for GDP, total tax revenues and Indirect tax revenues (taxes on 
goods and services) from OECD (1992) Revenue Statistics of OECD Member Countries, 1965-1991, Tables 25, 32 and 
36. The percentages shown for EC12 are GDP-welghted averages of the percentages for the 12 member states.

The arguments would tend to favour a consumption-based allocation of revenues in circumstances 
where the carbon tax burden was borne by final consumers. At least partial incidence on consumers 
is to be expected, and the incidence on consumers will be stronger where the Community introduces 
a carbon tax without corresponding measures being taken by other major countries. A 
consumption-based allocation of revenues is also the basis on which existing indirect taxes (VAT 
and excise duties) in Community countries operate.
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Taking a consumption-based revenue allocation as an objective for a Community carbon tax does 
not necessarily require that the carbon tax should be levied on final fuel products, although a carbon 
tax of this form would certainly achieve this pattern of revenues. It may instead be possible to 
separate the form of carbon tax chosen from the pattern of revenue allocation between member 
states, although the mechanisms by which this separation can be achieved can be a source of 
administrative complexity, and can give rise to problems of co-ordination and incentives. Similar 
issues arose during the debate over indirect tax harmonisation in the Community, and are discussed 
in Chapter 1.

How might a revenue allocation according to the pattern of consumption be reconciled with a 
carbon tax levied on primary fuels rather than final fuel products? Broadly speaking, two possible 
approaches to the problem would appear to be available, based on statistical reconciliation and 
administrative "chaining" respectively.

Statistical reconciliation would appear to offer a relatively cheap solution to the reallocation of 
carbon tax revenues between member states. What would be required are statistics on the 
aggregate consumption by domestic consumers and industry of each of the range of final energy 
products, together with an agreed set of factors by which the actual carbon content of each final 
energy product can be translated into the total carbon emissions to be associated with the fuel 
product (including emissions during fuel refining and processing). Aggregate carbon emissions 
associated with the pattern of energy consumption can then be compared with the pattern of carbon 
tax revenues from taxes imposed at the point of resource extraction or import, and the appropriate 
set of revenue transfers between member states calculated, so as to leave member states with 
the revenues that they would have had, if a "final" carbon tax had been imposed.

Given the required data for the statistical reconciliation, the calculation of the revenue transfers 
would be straightforward, inexpensive and uncontroversial. The main difficulties of this approach 
have to do with obtaining data of the sort required. Aggregate fuel consumption could be calculated 
either by subtracting net exports from production, or from a direct survey of consumption. The 
abolition of internal frontiers within the Community has reduced the ease with which statistics on 
trade flows of particular commodities can be obtained, and it is necessary instead to rely on sample 
surveys and other statistical inquiries about trade flows conducted away from the actual frontier. 
Inevitably, this makes it more difficult to corroborate the information provided in such inquiries, 
since it will not be possible to observe the actual goods in transit, and the greater the reliance 
placed on sampling rather than comprehensive returns by all traders, the more room for argument 
will be opened up about the accuracy of the data. Where large revenue transfers between member 
states are at stake, the accuracy of statistical inquiries will come under an unusual degree of 
scrutiny. Similar problems would arise if the alternative was pursued of instituting a direct survey 
of fuel consumption by industrial and domestic users. Indeed, the controversy over a consumption 
survey could be exacerbated by the lack of scope for verifying the answers obtained; with trade 
data, it is possible to use import statistics to corroborate estimates of trade flows based on export 
statistics, and this can help to identify errors (or deliberate misreporting)."^

4 See Cornilleau, Pearson and Smith (1989) for a discussion of the scope for statisticai approaches to VAT "clearing".
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Administrative "chaining" provides a basis for revenue adjustments between member states based 
on data obtained from individual transactions, rather than aggregate estimates of the overall 
revenue transfers required. The basic idea would be that the carbon tax would be imposed on 
primary fuels, but the fuels would then be tracked by some administrative mechanism up until the 
point at which they were sold to industrial or domestic consumers. Unlike VAT the purpose of this 
mechanism would be to track trade flows, rather than to adjust tax levels. Where fuels moved 
between member states, appropriate revenue adjustments would be made, which would have the 
effect of transferring the carbon tax revenue paid in the exporting country to the revenue authorities 
in the importing country. The precise mechanism by which this transfer takes place is unimportant; 
what is crucial is the "chaining" of the two parties in the transaction, so that the revenue authorities 
in both countries are notified and can verify the transaction.

The procedure has some similarities both with the system of linked bonded warehouses envisaged 
for the control of the movement of dutiable goods (alcohol, tobacco and mineral oils) between 
member states, and with the administrative mechanisms by which VAT has been operated on 
transactions between Community countries after the abolition of VAT frontier formalities.® However, 
it has the crucial difference that the chaining for carbon tax would merely serve to reallocate between 
member states a given total of carbon tax revenues which have been collected at an earlier stage, 
rather than (as in the case of bonded warehouses) to maintain the integrity of the revenue system, 
to ensure the collection of tax due at a later stage.

This difference between the chaining mechanism for a carbon tax and bonded warehousing for 
consumer excises is important because it highlights the role of the tax rates to be applied to each 
transaction in fuels between chained parties. This tax rate does not have any role to play in 
determining the amount of tax on the fuels in question; this is determined by how the carbon tax 
levied on the primary fuel stage has been passed on and divided up in later stages of fuel processing. 
Instead, the tax rate applied to the chained transaction is simply used to determine how much 
revenue should be transferred between member states' revenue authorities. Thus, although the 
carbon tax rates appropriate to various intermediate and final fuels are like the final fuel product 
carbon tax rates discussed earlier in the sense that they require assumptions to be made about 
carbon emissions during processing, unlike a final carbon tax, the tax rates are not liable to give 
rise to perverse incentives for fuel processors or users, even if they are set at the wrong level. All 
that will be affected is the allocation of tax revenues between member states, not the decisions of 
producers and consumers.

Separating revenue allocation in this way from the procedures for levying the carbon tax has the 
attraction that the difficulties that would be encountered in operating an accurate carbon tax on 
final fuel products and in levying appropriate carbon taxes on imported fuels, do not cause problems 
of the same magnitude in intra-Community trade, even though this trade is in intermediate and 
final fuel products as well as in primary fuels. Nevertheless, the mechanism is not without its 
problems. In particular, although the process of chaining depends on a link being drawn between 
fuel exporters and fuel importers, and the corresponding revenue authorities, it is clear that only

5 See Lee, Pearson and Smith (1988).
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one of the parties involved has any interest in ensuring that transactions are recorded fully - namely 
the importing member state. Since the tax has already been levied, and the process of chaining 
does not affect the tax liability of either the exporting firm or the importing firm, neither the exporter 
nor the importer has any interest in the process. Moreover, it is clearly in the interests of the 
exporting member state to ignore as many transactions as possible, since each export transaction 
that is recorded reduces the exporting state’s tax revenues. How comprehensive the chaining 
process can be expected to be in these circumstances is unclear.

4. Some Further Issues

The discussion above has suggested reasons to prefer a carbon tax levied on primary fuels rather 
than one levied on final fuel products - especially the difficulty of defining tax rates for final fuel 
products that take appropriate account of the carbon emissions during processing. This section 
treats briefly some further administrative issues.

Exempt Users

The Commission’s proposals envisaged that certain major energy-using sectors should be exempt 
from the carbon tax. This gives rise to a need for the administrative arrangements to take a form 
which would be compatible with industry-specific exemptions®.

It is clear that administration of exemptions would be easier with a carbon tax on final fuel products 
than with a carbon tax on primary fuels. From information about the quantities and types of fuels 
purchased by an exempt user, it would be possible to determine the amount of carbon tax that 
had been paid on fuel purchases, and fairly straightfon/vard procedures could thus be set up whereby 
exempt users were refunded the carbon tax they had paid, after providing suitable documentary 
evidence about fuel purchases. Clearly, a number of supplementary rules would be required, 
governing matters such as the resale of fuels by exempt users, the proportion of tax to be refunded 
where enterprises produce a mix of products only some of which count for exemption, and so on. 
Given the level of the carbon tax and the consequent substantial gains from evasion, the exemption 
of energy-intensive industries would require considerable supervision and enforcement, and would 
have a far from trivial administrative cost.

Administration of sectoral exemptions would be less practical where a carbon tax was levied on 
primary fuels, since some of the fuel purchased by exempt sectors would be processed or refined 
fuels, with an unknown carbon tax element in their price. It would be possible to refund the tax on 
fuel purchases on the basis of the carbon tax rates applied to similar intermediate or final fuel 
products imported from outside the Community, but there are obvious dangers that the refunded

6 Whether the tax shou/of include such exemptions is a different, and controversial, issue. Pearson and Smith (1991 ) 
identify a number of costs and risks which might arise when energy-intensive sectors are exempted from the tax. Hoel 
(1995), on the other hand, as discussed in Chapter 3, identifies circumstances under which sectoral differentiation of a 
carbon tax would be efficient; sectoral exemption may be an administratively-attractive approximation to the optimal 
sectoral differentiation of carbon tax rates.

139



5. Carbon Tax: Practical aspects

tax would be arbitrary, and could provide considerable scope for concealed production subsidies. 
Also, unless the administrative chaining procedure described above were in operation, the fuel 
purchases made by exempt industries may be from fuel suppliers not otherwise involved in the 
carbon tax process; supervision of both buyer and seller by the carbon tax revenue authorities 
may be required, solely for the purposes of administering the exemption.

Electricity Generation

With a carbon tax on primary fuels, there would be no reason to involve the electricity industry in 
the administrative system for the carbon tax; its carbon-based inputs would be taxed, and the 
impact of the carbon tax on electricity prices would arise from the effect of the higher prices for 
inputs on the industry’s output pricing decisions. With a mixed carbon / energy tax such as that 
envisaged by the Commission levied at the primary fuel stage, it would be necessary in addition 
to levy a tax on the nuclear generation of electricity, but othenwise there would be no need to tax 
electricity producers.

Where the carbon tax is imposed on final fuel products, two possibilities exist - either to treat 
electricity as a final fuel product, or to treat electricity generation as an industrial user of final fuel 
products. The latter will generally be more convenient, since it will minimise the number of taxable 
individuals, but it may not be practicable, if it is intended to allow certain Industries to be exempt 
from the carbon tax.

Exempting industrial users of electricity from the carbon tax on the electricity they purchase 
illustrates in a particularly acute form the difficulties of administering a carbon tax at the level of 
final fuel products. Where an electricity supplier uses various fuels for generation, what is the 
carbon content of the electricity purchased by one customer?

It is at least possible to argue that the straightforward answer, that the carbon content of a supply 
to one customer is the average carbon content of all the electricity supplied by the generator, is 
actually Inappropriate. Many large users have a steady demand for electricity, without the 
time-of-day peaks that domestic usage shows. A case can obviously be made for saying that the 
carbon tax refunded should then reflect the fuels used in generating base-load electricity, rather 
than peak-load electricity, although identifying the appropriate amount of carbon tax to be refunded 
in such cases will clearly be far from straightfonward.

Non-Fuei Uses

A number of fuels have significant non-fuel applications. Thus, for example, oil is used to make 
plastics and various other products, and natural gas Is used in the manufacture of some fertilisers. 
Where these non-fuel uses do not result in carbon dioxide emissions, it will not be necessary for 
the carbon tax to be applied, and in general it will be desirable for non-fuel uses to be exempted 
from the tax.
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Non-fuel uses create a requirement for an administrative mechanism to monitor and enforce the 
exemption arrangements, to ensure that fueis destined for non-fuei appiications are not diverted 
instead for use as fueis. it is also necessary to determine the appropriate rates of tax at which 
exempt users shouid be credited. As with sectoral exemptions, this is straightforward with a carbon 
tax ievied on finai fuei products, but considerably more complicated where the carbon tax has been 
ievied earlier on primary fueis.

5. Conclusions

The issues addressed in this chapter concern the administrative choices available for a carbon 
tax. How shouid the tax be structured, in order to achieve both efficient administration and efficient 
environmental responses? The chapter has identified a basic choice between a "primary" carbon 
tax, ievied at an early stage in the chain of fuei processing, and a "finai" carbon tax, ievied at a 
later stage, on processed finai fuei products, at the point at which they are about to be delivered 
to finai fuei users. Each has advantages and disadvantages, which need to be weighed carefully.

The primary carbon tax wouid be likely to have lower costs of direct administration, since it wouid 
need to deal with fewer taxpayers than a finai fueis tax, and wouid have no need to monitor the 
chain of fuei processing beyond the initial stage, it also has the great merit that it wouid ensure 
the efficient relative taxation of different fueis, to reflect not oniy their current carbon content but 
also the carbon dioxide emitted in the course of refining, processing or generation activities. By 
contrast, a finai carbon tax can oniy tax processing emissions on the basis of assumed coefficients, 
which provides no incentive for emission reduction in individual cases, and which, over time, may 
easily become out-of-iine with actual processing emissions. A primary carbon tax wouid therefore 
be liable to provide more efficient environmental incentives, and in the case of electricity generation, 
at the very least, wouid appear to be very desirable.

On the other hand, the primary tax has two disadvantages. One is that it cannot, in fact, completely 
avoid the specification of carbon tax rates to apply to finai fuei products, where these may be 
imported, or where it is intended that the tax on particular energy uses (by exempt sectors, or in 
non-fuei appiications) shouid be refunded. The former is relatively unimportant for the Community 
as a whole. The latter, however, is a major drawback, given the intention to deal with problems of 
international product market competition by exempting certain firms or sectors from the carbon 
tax. The second disadvantage of the primary carbon tax is that the pattern of revenues across 
member states wouid be more uneven than with a finai carbon tax, in that it wouid be liable to 
reflect the pattern of fuei production and import rather than fuei consumption. To the extent that 
the main incidence of the tax might be borne by fuei consumers, it may be felt that the allocation 
of revenues between member states shouid be based on consumption, in this case, whilst 
mechanisms for revenue reallocation could be devised, there may be a preference for a tax of the 
finai type, which automatically achieves a consumption-based revenue allocation.
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6. Distributional aspects of carbon/energy taxes

Introduction

Both regulatory and market-based environmental policies may have distributional effects, in the 
sense that the costs and benefits of environmental policy measures may bear unevenly on 
households at different levels of income. The range of relevant costs and benefits will vary, 
depending on the instruments used. With all environmental policy measures, the list of relevant 
costs and benefits will include abatement costs (in terms of the costs of adjustments in production 
and consumption, and costs of emissions control devices), and, to be balanced against these, the 
value of the environmental benefits. All may be unevenly distributed across income groups.

Distributional issues of a distinctive sort are, however, raised by environmental taxes and other 
revenue-raising market-based instruments. With these instruments, the pattern of tax payments 
is an additional source of potential distributional effects, over and above the costs and benefits 
directly involved in reducing emissions. It is possible that the distributional incidence of the tax 
payments could be more uneven, and of greater quantitative significance, than the distributional 
incidence of the costs and benefits associated with non-revenue-raising instruments.

The introduction of environmental taxes on energy is, in particular, likely to raise significant 
distributional concerns, reflecting the importance of energy expenditures in the budgets of poorer 
households (Dilnot and Helm, 1987; Smith, 1992). This distributional sensitivity of energy taxation 
is recognised in the indirect tax policies of many OECD countries, which apply lower levels of 
taxation to certain domestic energy products than to other goods and services.

This chapter assesses the likely distributional effects in EC member states of the imposition of the 
proposed EC carbon/energy tax at a level equivalent to US $ 10 per barrel of oil, focussing in 
particular on the impact on the household distribution of income of the highertaxation of households’ 
direct energy expenditures.

The analysis begins in Section 1 by considering the pattern of household expenditures on domestic 
energy and motor fuel, which may provide an initial indication of the possible distributional incidence 
of a tax on these commodities, in the absence of significant change in household consumption 
patterns. The initial focus of this section is Eurostat data on household budgets analysed by income 
groups, available for seven EU member states. This is used to make some straightforward initial 
estimates of the distributional incidence of a carbon tax in each of these countries (which include 
all the major EU states), and to identify the extent to which common distributional issues arise 
throughout the EU.

The data available has, however, certain limitations, and these are then explored in detail. One 
issue is that, since the underlying micro-data are not available, the analysis is constrained to use 
the distributional classifications selected by Eurostat in the presentation of its data, where 
households are classified into groups on the basis of household income. This is potentially 
problematic: Poterba (1991), analysing data for the United States, has argued strongly in favour 
of using household spending rather than current income in distributional analysis. He has argued 
that this is more consistent with a life-cycle concept of tax incidence, and that it shows taxes on
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spending in the US to be iess regressive than they appear if current income is used. Using 
micro-data for the UK, this issue is expiored further, and an assessment is made of the sensitivity 
of distributional anaiyses with UK data to the choice between current incomes and totai spending 
as the measure of household living standards. The section then considers whether the resuits are 
significantly affected by taking into account the likely behavioural responses of consumers; again, 
quantitative estimates are provided for the UK. The section conciudes with an informal discussion 
of the indirect effects on the househoid income distribution of carbon and energy taxes on industrial 
inputs - effects through the prices of goods and services which use energy in their production, and 
other indirect effects.

Section 2 of the paper discusses a number of ways in which carbon/energy tax revenues might 
be used to offset undesired distributionai or other effects. This starts by considering the scope for 
distributional problems to be addressed by a simple lump-sum, per-household, return of the carbon 
tax revenues, and identifies a number of practical difficulties with such an approach. It then 
considers arguments which would suggest that a simple lump-sum revenue return would be an 
inadequate response to the identified distributional effects. Conclusions are drawn in Section 3.

1. Distributional effects of a carbon/energy tax

1.1 The pattern of direct consumer purchases of energy.

Aithough the purpose of introducing a carbon tax is to change the levei and pattern of energy use, 
by encouraging greater energy efficiency and a substitution away from high-carbon fuels, the 
natural starting point for assessing the direct distributional impact of taxes on energy and the carbon 
content of fueis is data on the existing pattern of consumers’ expenditure. Given that, in the main, 
price elasticities of energy demand would appear to be low, the current pattern of energy spending 
wiil provide a reasonable initial approximation to the distributionai effects of higher energy taxes.

Figures 1 and 2 show the pattern of household expenditures on domestic energy and motor fueis 
in seven EC member states. Specificaiiy, the Figures show the average household spending on 
domestic energy and motor fuels by households in each quartile group of the income distribution, 
expressed as a share of the average totai spending of the quartiie. The figures for Germany, Spain, 
France, Ireiand, Itaiy and the Netheriands are drawn from the resuits of an exercise by Eurostat 
to produce comparable international figures for the pattern of househoid spending’ in 1985 or the

1 The Community Statistical Office has published the results of two exercises to construct comparative tables of 
household spending analysed by income groups based on data derived from existing national surveys. The first covered 
in total ten Community countries, with data for 1980 or the nearest available year. The second covers six countries, 
Germany, Spain, France, Ireland, Italy and the Netherlands, and contains data for 1985. This second survey, 
augmented by data from the UK Family Expenditure Survey, has formed the principal source of data used here. For the 
Community countries not included in the 1985 survey, estimates have been made using the earlier 1980 survey, though 
these should be regarded as having a rather wider margin of error.
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nearest available year. This source does not, however, include figures for the UK. In this chapter, 
therefore, the Eurostat data has been supplemented by the author’s estimates of corresponding 
figures for the UK, based on appropriate variables from the 1988 UK Family Expenditure Survey^.

The average income levels of quartile groups vary widely across the Community; poorer households 
in the richer member states of the Community may have a similar standard of living to households 
with an above-average income in poorer member states. If the quartile data is to provide information 
on anything other than the relative position of different groups within each country, it is necessary 
to find some appropriate measure of the relative standard of living of income groups, compared 
across countries.

Making such a comparison with the Eurostat data involves an unavoidable element of imperfection 
and approximation, for three principal reasons.

First, what would in principie be desirable is a comparison based on purchasing power parities 
rather than on market exchange rates. These would in principle need to vary across income groups, 
reflecting differences in the proportions of tradeable and non-tradeable goods consumed at different 
income levels. The available purchasing power parity data is not disaggregated in this way.

Second, the proportion of the population covered by the Eurostat data in different countries will 
tend to vary, due to differences in survey methodology (eg the German survey excludes households 
with incomes above a certain level), and differences in response rates. Thus, even applying 
purchasing power parity data to the Eurostat figures for all households involves an unknown, but 
possibly appreciable, bias, since the "all households" Eurostat data may not be representative of 
the population as a whole.

Third, there are difficulties in making an appropriate adjustment for differences in average 
household size. Such an adjustment is needed in order to interpret the average income figures for 
each quartile. Average household size varies widely between different income quartiles within the 
same country, and also between countries. Thus, for example, the bottom quartile of households 
in Germany contains on average 1.3 members (about 0.1 of them children), whilst the second, 
third and fourth quartiles contain on average 2.0,2.8, and 3.4 members respectively (0.3,0.7 and 
0.9 children). Across countries, average household sizes range from 2.4 in Germany to 3.5 in 
Ireland and 3.7 in Spain; the number of children within these averages is 0.5, 1.3 and 1.1 
respectively. Some form of equivalent income concept would be appropriate to adjust for these 
differences in size. However, since the Eurostat comparisons programme provides only group 
averages (the underlying micro-data are retained by the member states and are not available on 
the harmonised basis), households cannot be re-ranked into quartiles of equivalent income. Any 
equivalisation adjustment can be applied only to the averages for the existing groups. The 
classification of households to the groups will remain, and groups may be partly overlapping (and 
may be quite heterogeneous) in terms of the equivalent incomes of their members.

2 1985 data would have been available for the UK, but 1988 was chosen so that the figures shown here for the UK are 
comparable with more detailed results for the UK presented later in this chapter.
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Nevertheless, in spite of these qualifications, an attempt has been made to assess the relative 
living standards of households in each group on a basis which provides scope for some 
cross-country comparison. Estimates of average equivalent income, based on purchasing power 
parities, have been used to locate the quartile observations on the horizontal axis of Figures 1 and 
2.

The precise procedure adopted has been complex, since there are reasons to doubt the 
comparability of the income data provided in the Eurostat survey. Equivalent total expenditures 
have been calculated for each group, based on the following equivalisation formula:

Equivalisation factor = ( 0.5 -f- Adults + ( 0.5 * Children ) ) / 2.5

These have then been used to determine the position, relative to each other, of the quartile groups 
from each country. The positioning of the countries relative to each other has been based on an 
estimate of relative equivalent household income for all households, based on OECD data using 
1985 purchasing power parities.

Figure 1

Budget shares for household spending on fuel and power In seven European Community 
countries, by quartile groups of gross household income.
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Figure 2

Budget shares for household spending on motor fuels In seven European Community 
countries, by quartile groups of gross household income.
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In all the Community countries shown, spending on domestic fuel constitutes a higher proportion 
of the total expenditures of the poorest quartile than of the other three quartiles, and in all member 
states except Italy the budget share of domestic fuels declines steadily through the income 
distribution. There is also a discernible tendency for domestic fuel budget shares, especially of 
poorer quartiles, to be lower in the southern part of the Community, which may reflect the reduced 
need for heating fuels in warmer countries®.

In contrast, the budget shares for motor fuels in all six countries rise steadily from the bottom to 
the third quartiles, although the budget share levels out between the third and fourth quartiles. The 
motor fuel budget shares are in general highest in Italy, where petrol is heavily taxed, and lowest 
in the Netherlands, Germany and the UK.

3 The rise In the budget share in Italy for the top quartile may reflect the effect of climate; richer households in Itaiy are 
predominantly in the (colder) northern half of the country.

149



6. Distributional aspects of carbon/energy taxes

1.2 Estimates of the distributional incidence of a carbon tax, assuming no behavioural 
response

In this section estimates are made of the distributional incidence of a carbon/energy tax along the 
lines proposed by the European Commission, based on the assumption that the quantity of energy 
purchased by househoids wouid be unaffected by the imposition of the new tax. The estimates, 
which relate to a tax imposed at the full level of $10 per barrel of oil, are based on the consumer 
spending data for seven EC member states described in the previous section, and the ad vaiorem 
equivalent carbon/energy tax rates calculated on the basis of energy prices and carbon/energy 
content for each fuei, as set out in the Annex to this chapter.

The estimates reflect two strong assumptions;

First, the estimates of the amount of tax that wouid be paid by individual households are based 
on the existing pattern of househoid energy consumption in volume terms. This assumption is 
unlikely to be strictly accurate; amongst other things it violates the "adding up" requirement for 
household budget balance. It is also, of course, inconsistent with the aim of introducing a carbon 
tax which is to reduce the use of carbon-based energy. However, price elasticities of energy demand 
may be quite low and, in assessing the distributional effects of energy taxation, the assumption of 
no behavioural response may give a reasonable indication of the distributional of tax payments 
across income groups. Later in this section the sensitivity of distributional incidence estimates to 
the inclusion or omission of behavioural responses is evaluated, using data for the UK and a 
behavioural model of household spending; it is found that, in the case of the carbon tax, making 
an aiiowance for behavioural responses does not make a substantial difference to the overail 
distributional impact of the tax, in terms of additional tax payments, despite the fact that price 
elasticities differ considerably between income groups.

Secondly, the estimates assume that the taxes would be fully passed on to consumers in the prices 
of energy products. This is, of course, a strong assumption. Although introduction of carbon tax in 
the Community alone might have oniy a smail impact on giobal energy demand, co-ordinated 
introduction of a carbon tax in ali major countries couid have a significant impact on the demand 
for energy, and hence on the price of energy. In these circumstances, part of the burden of a carbon 
tax would be borne by the owners of energy resources, and an analysis which assumes that all of 
the tax is passed on to consumers would then tend to overstate the impact on household incomes 
in consuming countries.

Non-behavioural estimates made on the above basis are summarised in Tables 1 and 2 and Figure 
3 for the seven EC member states. These show the distributionai incidence of househoid payments 
of the EC carbon/energy tax on househoid direct energy purchases, based on 1985 patterns of 
income and expenditure. Tables 3 and 4 show separately the carbon tax burden on purchases of 
domestic energy and motor fuel respectively. A number of results may be highlighted:

• On average across the seven member states, carbon/energy tax payments by the average
household would amount to some ECU 120 per annum in 1985 prices, equivalent to about
0.85 per cent of average household expenditures.
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• There would be a considerable range In average tax burdens, reflecting differences in the 
level of energy consumption at different income levels, and in the carbon/energy content of 
that consumption. The former explanation mainly accounts for the contrast between the UK 
and Ireland on one hand, where the carbon tax burden per household would exceed ECU 
160 annually (some 1.2 per cent of household total expenditure), and Spain on the other, 
where the annual carbon tax burden would be little more than ECU 50 (some 0.5 per cent 
of spending). The latter explanation accounts for the low tax burden in France, of ECU 106 
per household per annum, equivalent to about 0.7 per cent of total spending.

• The variation in the overall tax burden arises principally because of variation in the carbon 
tax burden on domestic energy, where the amounts of tax are both larger and more variable 
across countries than the carbon tax burden on motor fuels. Except in the case of the 
Netherlands and Germany, the percentage burden of carbon tax payments on motor fuels 
lies in a very narrow band of 0.21 - 0.25 per cent of spending.

• In all countries, the carbon tax burden on domestic energy for the bottom quartile group 
is higher than the average for all households, and also higher than the figure for the top 
quartile. Carbon tax payments on domestic energy would thus be regressive in all seven 
member states.

• In all the member states the carbon tax burden on motor fuel of the bottom quartile group 
lies below the average for all households, reflecting be low-average fuel spending (and 
presumably also lower-than-average rates of vehicle ownership). Across the remainder of 
the income distribution the carbon tax burden on motor fuels Is broadly a constant proportion 
of total household spending.

• The overall distributional incidence of the carbon tax, shown in Figure 3, reflects the 
combined distributional effects of the tax on domestic energy and motor fuels. Where 
domestic energy use is relatively low, and motor fuel consumption relatively high, the 
regressivity arising from the taxation of domestic energy is counteracted by progressivity 
from the taxation of motor fuels (at least, as far as the relative position of the bottom quartile 
is concerned). In Spain and Italy the overall effect is broadly distributionally neutral, and In 
Germany, France and the Netherlands only mildly regressive. Only in the UK and Ireland of 
the countries shown does the overall effect of the carbon tax on direct household purchases 
of energy seem likely to be significantly regressive. In the UK the ratio of the percentage 
burden of the carbon tax on the bottom quartile to the burden on the average household 
would be 1.8 and In Ireland the same ratio would be 1.6.
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Table 1

Carbon tax payments per household, by decile and quartile groups of gross household 
income.

1985, ECU per annum

Decile groups Quartile groups

All house
holds

Poorest
10%

Second
10%

Third 10% Poorest
25%

Second
quartile

Third
quartile

Richest
25%

Germany 145.85 62.13 83.71 99.69 77.42 123.75 165.08 217.52
Spain 52.15 19.01 30.71 32.68 25.88 42.73 57.60 83.00
France 106.00 59.58 65.90 76.00 64.26 90.80 115.12 154.14
Ireland 168.59 83.46 94.88 123.53 112.69 159.67 179.58 221.90
Italy 107.57 29.07 43.06 60.89 39.87 79.46 115.37 194.90
NL 126.21 78.55 88.00 97.04 85.96 107.96 132.75 177.76
UK 160.96 94.13 115.44 128.06 107.60 145.11 173.31 219.01

Table 2
Carbon tax payments as a percentage of household total expenditures, by decile and quartile 
groups of gross household income.

Percentages of total househoid spending

Decile groups Quartile groups

All house Poorest Second Third 10% Poorest Second Third Richest
holds 10% 10% 25% quartile quartile 25%

Germany 0.86 1.06 1.01 0.96 1.01 0.94 0.87 0.77
Spain 0.46 0.47 0.51 0.46 0.49 0.48 0.47 0.45
France 0.66 0.85 0.78 0.73 0.79 0.70 0.66 0.61
Ireland 1.17 1.76 1.93 2.00 1.80 1.42 1.13 0.91
Italy 0.78 0.81 0.76 0.81 0.78 0.81 0.79 0.77
NL 0.83 1.01 0.98 0.89 0.99 0.85 0.83 0.75
UK 1.19 2.58 2.03 1.74 2.10 1.45 1.16 0.92
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Figure 3

Carbon tax payments as a percentage of household total expenditures, by quartile groups 
of gross househoid income.
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These estimates of the distributional incidence of the EC carbon/energy tax may be compared 
with estimates of the distributional incidence of a carbon tax in the United States, made by Poterba 
(1991) using a similar methodology. Poterba’s estimates (reproduced in Table 5), show the 
distributional effects of a carbon tax of $100 per ton of carbon in 1990 price terms, using data from 
the 1985-6 Consumer Expenditure Survey. The equivalent carbon tax in the US in 1991 price terms 
(ie inflated by the US consumer price index) would be some 4 per cent higher (le some $104 per 
tonne of carbon), some 18 per cent higher than the EC proposal of $10 per barrel, equivalent to 
some $88 per tonne.

4 Made in 1991 and assumed throughout this chapter to be understood in 1991 price terms.
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Table 3
Carbon tax payments on domestic energy as a percentage of household total expenditures, 
by decile and quartile groups of gross household income.

Percentages of total tiousehoid spending

Decile groups Quartile groups

All house
holds

Poorest
10%

Second
10%

Third 10% Poorest
25%

Second
quartile

Third
quartile

Richest
25%

Germany 0.67 0.98 0.91 0.83 0.91 0.77 0.66 0.57
Spain 0.24 0.39 0.34 0.32 0.35 0.28 0.23 0.20
France 0.45 0.71 0.62 0.54 0.63 0.50 0.43 0.37
Ireland 0.95 1.61 1.83 1.88 1.67 1.22 0.90 0.68
Italy 0.53 0.76 0.60 0.58 0.63 0.54 0.51 0.53
NL 0.68 0.93 0.90 0.77 0.90 0.71 0.67 0.60
UK 0.95 2.52 1.92 1.57 1.99 1.21 0.88 0.66

Table 4
Carbon tax payments on motor fuel as a percentage of household total expenditures, by 
decile and quartile groups of gross household income.

Percentages of total househoid spending

Decile groups Quartile groups

All house Poorest Second Third 10% Poorest Second Third Richest
holds 10% 10% 25% quartile quartile 25%

Germany 0.18 0.08 0.10 0.13 0.10 0.17 0.20 0.20
Spain 0.22 0.08 0.17 0.15 0.14 0.20 0.24 0.25
France 0.22 0.14 0.15 0.19 0.15 0.21 0.23 0.23
Ireland 0.21 0.15 0.09 0.12 0.14 0.20 0.23 0.23
Italy 0.25 0.05 0.15 0.24 0.14 0.27 0.28 0.24
NL 0.14 0.08 0.08 0.12 0.09 0.15 0.15 0.16
UK 0.24 0.06 0.11 0.18 0.11 0.24 0.27 0.25

Poterba finds that the carbon tax of $100 per ton of carbon would impose an additionai tax burden 
of, on average, about 3.3 per cent of total household spending, a higher percentage burden than 
for the EC member states included here, even allowing for the slightiy higher tax rate in the Poterba 
study. This probably reflects the substantially greater levels of per capita energy consumption in 
the US, especially of motor fuels, than in other developed countries.

In the columns marked (a) in Table 5, where current income is used as the measure of household 
living standards, the carbon tax appears sharply regressive. The percentage burden of the 
additional tax falls sharply with increasing income; for the poorest decile the additional tax burden 
would be equivalent to 10.1 per cent of income, whilst for the second 5 per cent, and for the top 
decile, 1.5 percent.

154



6. Distributional aspects of carbon/energy taxes

Table 5

Poterba’s estimates of the distributional incidence of a carbon tax of $100 per ton in the 
United States, 1986, using income and expenditure to measure household living standards.

Annual additional tax burden ($) Annual additional tax burden (%)

Decile (a) (b) (a) (b)
1 $452 $253 10.1% 3.7%
2 $375 $350 5.0% 3.7%
3 $485 $466 4.6% 3.8%
4 $521 $528 4.1% 3.7%
5 $564 $589 3.6% 3.4%
6 $609 $681 3.0% 3.4%
7 $690 $772 2.7% 3.2%
8 $763 $804 2.3% 2.8%
9 $875 $944 2.1% 2.7%
10 $890 $871 1.5% 2.3%

(a) Households classified in income deciles, and % tax burden calculated as % of total household 
incomes.

(b) Households classified in expenditure deciles, and % tax burden calculated as % of total 
household expenditures.

Source: J. M. Poterba (1991), Tax Poiicy to Combat Giobal Warming: On Designing a Carbon Tax, Table 3.6, (page 81) 
in R. Dornbusch and J. M. Poterba (eds) "Global Warming: Economic Policy Responses", Cambridge Massachusetts: The 
MIT Press.

The key finding of the Poterba study, however, is that the carbon tax appears substantially less 
regressive on the basis of an analysis in which household total spending is taken as the yardstick 
of living standards. Using expenditure deciles and using spending as the denominator in calculating 
the percentage burden, the pattern of carbon tax payments shows a much less regressive profile. 
The bottom decile would pay additional tax equivalent to 3.7 per cent of spending whilst the top 
decile would pay an additional 2.3 per cent of spending. Poterba expresses a clear preference for 
the latter basis of calculation, which he argues is more consistent with a life-cycle concept of income 
than the use of current income; on this basis he concludes that a carbon tax in the US would be 
only mildly regressive.

1.3 "Annua!" and "lifetime" incidence

This section considers further the theoretical distinction drawn by Poterba (1989) between annual 
and lifetime tax burdens, and its implications for the analysis of the distributional effects of 
carbon/energy taxes. Although it is not possible to examine this distinction using the Eurostat data 
(since the underlying micro-data are not available), it is possible to examine the implications of the 
choice of methodology in the UK case, and to explore a number of sensitivity calculations and a 
decomposition of the effects. It is shown that the sharp difference between the two measures found 
by Poterba for the US is not found using data for the UK, where the difference is much smaller.
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Further, although there are differences between estimates using different méthodologies, these 
can be attributed to a considerable extent in the UK case to the influence of a very smail number 
of househoids (five out of a total sample of some 7000) with ciose-to-zero incomes.

(i) Theoretical issues

The main elements of Poterba’s argument are set out in Poterba (1989). Househoid incomes are 
observed to fluctuate overtime for reasons that may include both random variations (unexpected 
income windfalls, temporary unemployment or sickness, etc), and predictable life-cycle variations 
in wage rates and labour force participation. Poterba presents data from the US Panel Study of 
Income Dynamics which shows that a randomly-chosen individual had only a 41 percent chance 
of being in the same quintile of the income distribution in 1971 and 1978. Amongst those in the 
bottom quintile in 1971, the probability of remaining in the same quintile in 1978 was somewhat 
higher at 54 percent, and mobility between quintiles was greater amongst those towards the middle 
of the Income distribution.

To the extent that public policy is concerned with issues of poverty and distribution, the underlying 
objectives of policy would presumably be expressed in terms of the standard of living that particular 
households or individuals could sustain, rather than In terms of household or individual incomes, 
per se. Where individuals are freely able to save and borrow, they may be able to maintain a 
smooth pattern of consumption over time, despite temporary fluctuations in income. Where 
consumption smoothing of this form can be undertaken without any limitation on the amounts saved 
or borrowed, the relevant variable for assessing the household’s standard of living will then be its 
expected lifetime income, rather than its current income.

In assessing policy changes, however, both current and lifetime incomes may be relevant, 
especially in assessing the impact of a policy change on current generations, rather than in a 
long-term steady state. Thus, for example, the present generation of old age pensioners would be 
more adversely affected by new taxes on expenditures than on incomes, even if subsequent 
generations would pay the same lifetime tax bill under each.

In practice, expected lifetime incomes are difficult to measure. One alternative is to use current 
household expenditure as a proxy for expected lifetime incomes to rank the living standards of 
different households, and as the denominator in calculating the percentage tax burden. The implicit 
assumptions being made are that desired expenditures reflect lifetime rather than current incomes, 
and that they are more stable over time than incomes. Expenditure will then be a better proxy for 
lifetime income than is current income®.

5 The principal difference between current income and current expenditure is, of course, current savings (or dissaving, 
where spending exceeds income). Savings are not however omitted entirely if expenditure is used to assess living 
standards. Where income is saved to permit future spending, savings in one period wiii be foiiowed by dissaving at a 
later date, and the expenditure measure of living standards wiii take account of any income that has been saved at this 
later date.
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Using current expenditure in place of a direct estimate of lifetime incomes has a further advantage. 
The relevance of lifetime income to the identification of poverty and of relative living standards 
depends on the assumption that househoids can, if they wish, smooth consumption patterns 
through unrestricted lending and borrowing. There are good reasons to believe that unlimited 
borrowing in particular will not always be practicable, and that the expenditures of some households 
may be constrained by current incomes. Where this is so, ranking households by current 
expenditures may give a better indication of current living standards than a ranking by lifetime 
incomes, since current expenditures can exceed current incomes oniy when inter-temporal 
expenditure smoothing is possible.

If current expenditure rather than current income is used as the basis for classifying househoids 
according to their standard of living, what implications wouid this be likely to have for estimates of 
the distributionai incidence of indirect taxes, such as excise duties or a carbon tax? Poterba (1989) 
highlights the case where households try to smooth consumption patterns in the face of fluctuating 
incomes. In these circumstances, inclusion of households with temporarily-low incomes in the 
lowest income groups will tend to overstate the regressivity of taxes on spending on goods with a 
positive income elasticity. However, there may be other effects too. Where incomes are smooth 
overtime, but desired consumption is not, neither current income nor current expenditure wiii be 
a good indicator of lifetime tax burdens.

(Ü) Data issues

In addition to the theoretical arguments for and against the use of expenditure rather than income 
as the basis for distributional comparisons, arguments about the accuracy of the two variables are 
also relevant. Both incomes and expenditures may be misreported by survey respondents. For 
example, individuals who are trying to evade tax may be reluctant to report their incomes to an 
official budget survey. Spending on certain goods, especially alcoholic drinks, is also widely 
under-reported in certain countries. In general, it is likely that systematic under-reporting is greater 
for incomes than for expenditures. On the other hand, the use of a relatively short reporting period 
for expenditures in most budget surveys may mean that reported expenditures for the survey period 
are an inaccurate guide to annual spending levels for particular households. Where a household’s 
expenditures are affected by transitory factors (e.g. the purchase of durables, payment for an 
annual delivery of coai or fuel oil, etc), it may be classified to a higher expenditure decile than it 
would have been if its expenditure had been measured over a longer period.

Aiso, where survey data on househoid expenditures covering a short period is used as the basis 
for assessing househoid living standards, households with large durables purchases in the survey 
period will tend to be allocated to higher expenditure groups than they would have been if their 
expenditure over a longer period had been known, and this wouid generaily tend to overstate the 
regressivity of taxes on expenditure items with a positive income elasticity.
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A different possible bias arises where the "lumpy" expenditure is expenditure on fuels. For most 
fuels, payments tend to be made infrequently, although the general practice appears to be that for 
fuels billed on a regular basis (eg electricity), the most recent bill is used to estimate expenditure, 
even if was received or paid outside the survey period. In the UK, household spending on coal 
and other solid fuels is not smoothed in this way, and most households recorded as spending 
anything on coal during the survey period will thus tend to have total spending above its average 
level. This source of error would tend to understate the regressivity of taxes on coal; households 
purchasing coal would have much higher tax payments than other households, and would also 
tend to be classified, incorrectly, to higher expenditure groups than their true level.

(c) Empirical significance

In practice, what are the implications of using a household expenditure basis rather than a 
household income basis to assess the distributional incidence of a carbon tax? Poterba’s results 
(Poterba, 1991) show that the choice may make a considerable difference to the estimated 
distributional incidence of a carbon tax. From the discussion of the theoretical issues above it is 
not wholly clear that an expenditure basis should always be preferred, and it may be desirable to 
look at both bases.

With access to individual micro-data it is possible to make a free choice of how the results are to 
be analysed and presented, and thus to choose between income-based and expenditure-based 
analyses on the basis of an assessment of their relative merits. However published data on 
household spending patterns are rarely presented on more than one basis. The Eurostat data for 
EC member states used above take the form of budget shares for deciles and quartile groups of 
gross household income. How great are likely to be the approximations and biases that would 
arise from the use of this published data to analyse the distributional incidence of a carbon tax in 
Community member states?

In Tables 6 to 8 we use micro-data on energy spending from the 1988 UK Family Expenditure 
Survey to look at the implications for distributional analysis of the various different bases for 
computing measures of distributional incidence.

Table 6 shows the pattern of household expenditures on domestic fuels and motor fuels in the UK, 
across decile groups of gross household income, and across decile groups of total household 
expenditure. The household expenditures are shown in three ways, first in pounds per week, 
second as a percentage of income, and third as a percentage of expenditure (budget shares). 
Comparison with Table 5 which summarises the results reported by Poterba (1991) shows that 
the percentages reported by Poterba correspond to the income shares where households are 
classified by deciies of gross household income, and the budget shares where households are 
classified by total household expenditure. It is thus possible to use Table 6 to assess the importance 
in the UK of these two differences in the Poterba calculations - first, the effect of using income or
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expenditure as the denominator in calculations of distributional incidence, given a classification of 
households, and, second, the effect of classifying househoids by expenditure rather than income 
deciles, given the chosen basis for calculating the percentage burden.

It is clear that, of the two differences, the one that has the greater effect at low incomes is the 
choice of income or expenditure as the denominator for calculating the percentage burden. The 
budget shares tend in general to be somewhat higher in nearly all groups than the corresponding 
income shares (reflecting positive levels of saving by most households), and apart from this the 
choice of income or expenditure as the denominator makes little difference over most of the income 
distribution. There are however striking differences between income shares and budget shares at 
the bottom of the income distribution; in the bottom income decile, for example, the budget share 
of domestic fuels is only three fifths of the corresponding income share. A similar difference can 
be observed between the income share and budget share of domestic fuels in the bottom 
expenditure decile. Thus, it wouid appear that the choice between income and expenditure as the 
denominator in calculating percentage burdens is of some consequence.
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Table 6.
Average expenditures and budget shares for domestic fuel and motor fuel expenditure, by decile groups of gross household income, and total 
household expenditure. Great Britain, 1988.

Weekly expenditures in pounds, budget shares as percentages of total househoid expenditure 

Deciles of total household income or expenditure

All

by deciies of total househoid income

1 2 3 4 5 6 7 8 9 10

Spending on:
domestic fuels 10.40 7.39 8.76 9.22 9.43 10.14 10.82 10.66 10.96 12.07 14.52
motor fueis 6.39 0.43 1.23 2.54 3.93 6.17 7.29 8.36 9.28 11.52 13.20
(percent non-zero) (57.0) (5.6) (19.3) (37.1) (49.9) (63.6) (68.7) (77.8) (81.4) (85.0) (82.0)
total spending 205.34 55.61 86.73 111.87 144.29 177.63 208.68 232.66 263.66 316.57 456.00

As share of income:
domestic fuels 7.2 25.6 11.9 8.5 6.1 4.9 4.2 3.4 2.9 2.5 2.0
motor fuels 2.3 1.1 1.6 2.3 2.5 3.0 2.8 2.6 2.4 2.4 1.8

Budget shares:
domestic fuels 7.3 15.5 11.6 9.1 7.2 6.3 5.7 5.1 4.7 4.2 3.9
motor fuels 2.9

by deciles of total househoid expenditure
0.5 1.2 2.1 2.7 3.5 3.7 3.9 3.8 3.9 3.3

Spending on:
domestic fueis 10.40 6.67 7.74 8.61 9.10 9.95 10.97 11.32 12.40 12.92 14.29
motor fuels 6.39 0.18 1.01 2.28 3.90 5.43 6.51 8.39 10.07 12.10 14.10
(percent non-zero) (57.0) (3.8) (17.5) (35.4) (53.4) (61.7) (70.8) (77.8) (80.1) (84.8) (85.0)
total spending 205.34 41.84 70.88 96.22 122.75 150.08 179.44 215.16 259.86 327.95 589.78

As share of income:
domestic fueis 7.2 21.7 10.2 8.6 6.9 5.4 5.0 4.1 3.8 3.4 2.9
motor fuels 2.3 0.3 1.1 1.8 2.4 2.5 2.7 2.8 3.0 3.1 2.9

Budget shares:
domestic fuels 7.3 16.5 11.0 9.0 7.4 6.6 6.1 5.3 4.8 4.0 2.7
motor fuels 2.9 0.4 1.4 2.3 3.2 3.6 3.6 3.9 3.9 3.7 2.7
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Table 7.
Sensitivity of the results in Table 6 for the distribution of domestic fuel expenditures to the exclusion of five households with the lowest incomes, 
and to the use of shares calculated on the basis of average incomes and spending for the decile, rather than the average of shares calculated 
for each household. Great Britain, 1988.

Weekly expenditures in pounds, budget shares as percentages of total household expenditure

Deciles of gross household income

All 1 10

As in Table 6:

Income shares:
Budget shares:
Excluding the five lowest-income households from the bottom decile:

7.2
7.3

25.6
15.5

11.9
11.6

8.5
9.1

Income shares: 
Budget shares:

6.3
7.3

16.6
15.5

11.9
11.6

8.5
9.1

Shares computed on the basis of average income and average spending 
for the decile:

Income shares: 
Budget shares:

3.7
5.1

16.2
13.3

11.8
10.1

8.5
8.2

6.1
7.2

6.1
7.2

6.0
6.5

4.9
6.3

4.9
6.3

4.8
5.7

4.2
5.7

4.2
5.7

4.2
5.2

3.4
5.1

3.4
5.1

3.4
4.6

2.9
4.7

2.9
4.7

2.9
4.2

2.5
4.2

2.5
4.2

2.5
3.8

2.0
3.9

2.0
3.9

1.8
3.2
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Table 8.
The effects of adjustments for household composition: Average spending and budget share for domestic fuel, by decile groups of gross 
household income, equivalent gross household income, total household expenditure, and equivalent total household expenditure. Great Britain, 
1988.

Weekly expenditures in pounds, budget shares as percentages of total household expenditure

Deciles of income or expenditure 

All 1 2 3 4 5 6 7 8 9 10

by deciles of total household Income 

Spending (£ per week) 10.40 7.39 8.76 9.22 9.43 10.14 10.82 10.66 10.96 12.07 14.52
Budget shares (%) 7.3 15.5 11.6 9.1 7.2 6.3 5.7 5.1 4.7 4.2 3.9

by deciles of equivalent total household Income 

Spending (£ per week) 10.40 9.01 8.73 9.08 9.80 11.05 10.75 10.81 10.71 11.62 12.40
Budget shares (%) 7.3 14.8 11.9 8.9 6.9 6.6 5.7 5.3 4.8 4.5 4.1

by deciles of total household expenditure 

Spending (£ per week) 10.40 6.67 7.74 8.61 9.10 9.95 10.97 11.32 12.40 12.92 14.29
Budget shares (%) 7.3 16.5 11.0 9.0 7.4 6.6 6.1 5.3 4.8 4.0 2.7

by deciles of equivalent total household expenditure 

Spending (£ per week) 10.40 7.53 8.80 9.10 9.50 10.06 10.87 11.34 11.65 12.06 13.05
Budget shares (%) 7,3 15.8 11.6 8.4 7.4 6.6 6.2 5.5 5.0 4.1 2.8
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On the other hand, there seems little difference between budget shares whether the households 
are classified by income deciles or by expenditure deciles. A broadly similar pattern Is observed 
across deciles, and in the case of domestic fuei expenditures the budget shares differ by no more 
than one percentage point in ali deciles except the highest. In the top expenditure decile budget 
shares of both domestic fuel and petrol are unusually low, which may reflect the concentration in 
the top expenditure decile of households making large durables purchases in the survey fortnight; 
these households would, of course, have lower-than-usual budget shares on other goods.

Why does energy spending appear to be so much higher as a proportion of the income than of the 
spending of the poorest decile, when such large differences are not observed for any other decile? 
As Figure 4 shows, all four measures converge closely for the second and higher deciies. The 
reason could of course be that expenditure smoothing is much more significant for the bottom 
decile. In this data, however, it can be shown that much of the difference between the income 
share and the budget share of the bottom decile can be attributed to the influence on the average 
income share for the bottom decile of a very small number of househoids with incomes close to 
zero (and income shares consequently close to infinity). If these households are excluded, the 
income and budget shares for the bottom decile are found to be much closer (Table 7).

Table 7 also shows that a similar effect is found when the shares are calculated on the basis of 
group averages, rather than the underlying micro-data. The first two rows of Table 7 (and ail of the 
results shown in Table 6) calculate average budget shares for the decile groups as the average 
of the budget shares for each household. Formally, the budget share for commodity j of the n 
households in income group k is calculated as:

where e,y Is the spending of the ith household (i = 1 ...n) in income group k on commodity] (j = 1 ...N).

The alternative approach taken in the last two rows of Table 7 (and, unavoidably, in the analyses 
using the published Eurostat data in tables 1-4) is to calculate total spending for the househoids 
in the group as a percentage of total spending:

n n N  ( 2 )

In comparison with the results from the former calculation, use of the latter approach can be seen 
to understate average budget shares for the bottom income group, whilst being much closer to 
average budget shares for higher income groups. One reason for this is that the second approach 
has the effect of reducing the weighting given to the limited number of very high income shares 
amongst the households in the bottom decile. As noted above, a small number of such observations 
exert a disproportionate influence on the shares calculated from individual micro-data.
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Figure 4

Budget and income shares for household spending on domestic fuels in the UK, by decile 
groupings of income and spending
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The above results suggest that the choice of income or expenditure in distributional analysis is of 
rather less consequence with UK data than Poterba (1991 ) has found for the USA. Whilst the UK 
results do show a difference in the distributional pattern of energy expenditures between an analysis 
based on household current incomes and an analysis, perhaps more consistent with a life-cycle 
income concept, based on current expenditures, the size of the difference is relatively small. 
Moreover the decomposition given in Table 6 suggests that the divergence largely reflects the use 
of expenditure rather than income as the denominator in calculating shares rather than the basis 
on which households are classified into income groups. One implication of this is that analyses 
using published groupings based on income are unlikely to be seriously at odds with analyses 
which can reclassify the underlying household micro-data on the basis of expenditure groups.

Whether a similar conclusions can be drawn for the other Community countries covered by the 
published Eurostat data used in this paper depends on the similarity of both the institutional 
arrangements which generate income instability (especially how frequent spells of temporary low 
income are) and the features of the data sources in each country (e.g. their treatment of durables). 
Nevertheless, if the Community countries are more similar to the UK than to the US, the difference 
between income and expenditure-based distributional analyses may be rather smaller than in 
Poterba’s results.
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Table 8 considers the practical effect of further choices in the presentation of the results which are 
available when micro-data is used, namely the effect of adjustments for household size. It will be 
seen that over much of the income distribution it makes little difference whether households are 
classified according to deciles of total household income or equivalent household income, and 
likewise over much of the expenditure distribution it makes little difference whether the distribution 
is defined in terms of total household expenditure or equivalent household expenditure. At the top 
and bottom of the distributions, the effects are, however, more marked. Compared to deciles of 
total income, using deciles of equivalent income results in a higher expenditure but lower budget 
share for the bottom decile. The former reflects the fact that average total spending on all items 
will tend to be higher amongst those households who are classified in the bottom equivalent decile 
but not in the bottom non-equivalised decile, since the average number of household members 
will be higher in the bottom equivalent decile. The lower share, despite higher spending, probably 
reflects the fact that the increase in spending with increasing numbers of household members is 
less pronounced for fuels (which have a substantial "household public good" element) than for 
non-fuel spending. A similar effect can be seen in the bottom decile in a comparison of total 
expenditure and total equivalent expenditure.

1.4 Estimates allowing for changes In energy consumption

Whilst calculations based on the existing pattern of consumer spending can indicate the 
approximate distributional incidence of taxes on particular goods or services, the approximation 
is poorer where households respond to the imposition of the tax by changing their pattern of 
spending away from the taxed items. Where behaviour changes, there are two types of distributional 
effect that may be of interest - changes in tax payments and welfare costs. The changes in tax 
payments will usually be less than the changes estimated on the basis of unchanged spending 
patterns, although they could be greater, if households substituted towards items that were already 
heavily taxed. The pattern of welfare costs may also be unevenly distributed across households, 
with poorer or richer households making a greater adjustment in their pattern of spending. The 
welfare costs will lie below the level of additional tax payments at unchanged spending. If a single 
tax were involved they would lie above the extra tax paid after changes in consumption are taken 
into account, although in the case analysed here this may not be the case, since domestic energy 
and motor fuels would be taxed by a carbon tax at different rates.

This section uses micro-data from the UK Family Expenditure Survey and an existing behavioural 
model of household spending based on this data to provide greater detail about the distributional 
impact of the proposed EC tax in the UK, and to assess the quantitative significance of the 
approximations made in the simple non-behavioural analysis of distributional issues in the previous 
section.

The model used is the IPS Simulation Program for Indirect Taxes (SPIT), as described by Baker, 
McKay and Symons (1990). This simulation program is based on micro-data from the UK Family 
Expenditure Survey (FES). The model which underlies the simulation program is a demand system 
of the Almost-ldeal type (Deaton and Muellbauer, 1980) estimated for eleven categories of
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household expenditure using data from the period 1970-86 (see Blundell, Pashardes and Weber, 
1989, for details of the estimation). The Simulation program uses this model and data from the 
1988 survey to predict household budget shares for spending on each of the eleven commodities, 
given an initial vector of relative prices and then computes how these shares change, if specified 
tax changes are made, and the tax changes feed through fully into relative prices. Household 
expenditures, tax payments and fiscal revenues are then derived, on the assumption that each 
household’s total spending remains unchanged. Unfortunately, since the model does not satisfy 
the conditions necessary for integrability it is not possible to present explicit measures of the effect 
on welfare, although some indication of the difference between tax payments and welfare effects 
may be gauged from the size of the estimated behavioural changes (which are generally small).

Table 9 illustrates the application of this model to compare behavioural and non-behavioural 
estimates of the distributional effects of a carbon tax on households’ purchases of domestic energy 
and motor fuels in the UK.

The model of consumer behaviour used in this analysis has been estimated at a rather higher level 
of commodity aggregation than the underlying micro-data. Only eleven categories of expenditure 
are included in the simulation model, although domestic energy and petrol expenditures appear 
separately. The model does not, however, identify domestic energy of different forms - coal, oil, 
gas, electricity, etc. - and therefore cannot reflect differences in the composition of domestic energy 
spending of households in different income groups. The simulation of the impact of a carbon/energy 
tax therefore only reflects effects operating through the impact of the carbon tax on the average 
price of domestic fuels, and the simulation is thus not able to distinguish between the effects of 
the carbon/energy tax proposed by the Commission, and other possible taxes - such as a tax on 
carbon content alone, or a tax on energy content alone - having the same impact on the average 
price of domestic energy.
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Table 9
Average carbon tax payments, based on a carbon tax equivalent to $10 per barrel, by decile groups of equivalent household expenditure. Great 
Britain, 1988.

Weekly expenditures in pounds, budget shares as percentages of total household expenditure

Deciles of total household equivalent expenditure
All 1 2 3 4 5 6 7 8 9 10

Non-behavioural estimate, based on data for individual domestic fuels
£ per week £2.00 £1.16 £1.42 £1.57 £1.71 £1.93 £2.15 £2.26 £2.43 £2.55 £2.83
(as % of total spending)* (1.3%) (2.4%) (1.8%) (1.4%) (1.3%) (1.2%) (1.2%) (1.1%) (1.0%) (0.9%) (0.6%)
(as % of total spending)** (1.0%) (2.2%) (1.7%) (1.4%) (1.2%) (1.2%) (1.1%) (1.0%) (1.0%) (0.8%) (0.5%)
Non-behavioural estimate, based on total domestic fuel spending
£ per week £2.00 £1.16 £1.42 £1.58 £1.73 £1.93 £2.12 £2.27 £2.43 £2.56 £2.81
(as % of total spending) (1.3%) (2.4%) (1.8%) (1.4%) (1.3%) (1.2%) (1.2%) (1.1%) (1.0%) (0.9%) (0.6%)
Behavioural estimate from IPS Simulation Programme for Indirect Taxes
£ per week £1.89 £1.03 £1.28 £1.45 £1.60 £1.80 £1.98 £2.14 £2.31 £2.46 £2.82
(as % of total spending) (1.2%) (2.1%) (1.7%) (1.3%) (1.2%) (1.2%) (1.1%) (1.0%) (1.0%) (0.8%) (0.6%)

Notes: * average of the percentages for individual househoids, caiculated from the micro-data
** average carbon tax for the group as a whole, as percentage of average spending
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A carbon tax of $10 per barrel would have increased the price of petrol purchased by households 
in the UK by some 7% in 1988, and would have increased the price of domestic energy by on 
average 15%. Within this overall figure for domestic energy, the prices of individual fuels would 
however change by different percentages, reflecting differences between fuels in the price per unit 
of energy and in the carbon content per unit of energy. To the extent that the balance of spending 
on domestic energy between different fuels differs between households, individual households 
may perceive the carbon tax as increasing the price of domestic energy by a greater or smaller 
percentage than the average of 15%, depending on the weighting of individual fuels within their 
own consumption.

As in the previous section, it is possible for these household - specific consumption weightings to 
be reflected in a non-behavioural estimate of the distributional impact of a carbon tax, by applying 
the relevant price increases for individual domestic fuels to each household’s spending on each 
fuel. An estimate of this sort is made for Great Britain in the first of the three estimates shown in 
Table 9. This suggests that the average weekly payment of carbon tax would be £2.00, equivalent 
on average to 1.3 per cent of household spending. Amongst the households in the bottom decile 
the average carbon tax payment would be £1.16, three fifths of the average across all households, 
and on average this tax payment would be about 2.4 per cent of spending. In the top decile, the 
average payment of carbon tax, £2.83, would be 40 percent higher than for the average household, 
but a much lower percentage of total spending - only 0.6 per cent.

These figures for the carbon tax as a percentage of spending cannot be directly compared with 
those in Table 2 because the budget shares in Table 9 are computed using data for each individual 
household to compute the budget share for each household, and then the average across 
households in the relevant group. Calculations made on the basis of group averages, as is 
unavoidable In the analysis of the Eurostat data, would tend to show slightly lower percentages 
for budget shares especially across all households and In deciles within which there is a substantial 
range of total spending, since households with lower spending (and hence, on average, higher 
budget shares) are given lower weight in such a calculation. Figures calculated on this different 
basis are also shown in Table 9, and show an overall percentage close to that calculated using 
Eurostat data (Table 2).

Given the level of aggregation at which the simulation model is estimated, it is not possible to 
reflect household-specific differences in the pattern of consumption of different domestic fuels in 
the estimates made using this model. Although households will, in practice, experience different 
changes in the average price of domestic energy, reflecting the weighting of individual fuels In their 
own consumption, the effects of changes in the relative prices of different fuels cannot be simulated. 
Regardless of whether household-specific or general price indices are used, some approximation 
will inevitably be involved. Given that the scope for substitution between fuels maybe comparatively 
important, relative to the scope for substitution between domestic energy as a whole and other 
goods, the approximation errors may be smaller if the simulation uses general price indices, rather 
than those that reflect the household-specific pattern of energy consumption.
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One implication of this is that the behavioural estimates from the simulation model cannot be 
directly compared with the non-behavioural estimates which appear as the first line of Table 9. A 
second non-behavioural estimate is therefore shown in Table 9, based on the same data, but 
applying the average price change for domestic fuels as a whole, rather than the price changes 
for individual fuels. In practice, it can be seen that across the groups shown this makes little 
difference to the estimates®.

Comparing this estimate with the results from the simulation model shown at the bottom of Table 
9 shows the effects of taking the behavioural responses of consumers into account in estimating 
the distributional pattern of carbon tax payments. Overall, the effect of allowing for consumption 
responses is comparatively small; carbon tax payments are some 5.5% lower than If no account 
is taken of behavioural responses. The percentage difference is greater (about 11 per cent) for 
the poorest decile than further up the income distribution^.

Table 10 returns to the earlier discussion of the choice between income and expenditure in 
presenting distributional analyses. Here the behavioural estimates are shown on two bases, firstly 
(as in Table 9) using expenditures as the denominator in calculating the tax burden, and classifying 
households by deciles of equivalent household expenditure, and secondly, using gross household 
income both as denominator and to classify households to decile groups. Use of the latter basis 
tends to make the carbon tax appear somewhat more regressive than on the former, expenditure, 
basis, but the differences are far smaller than in Poterba’s US estimates shown in Table 5.

6 There is some evidence that poorer households in the UK are more likely than the average to use electric central 
heating, which is both more expensive and more carbon-intensive than gas central heating (Johnson, McKay and Smith, 
1990). However, the overall pattern of energy use, and not just for domestic heating, displays relatively small variation 
across income deciles.
7 The results reflect the overall balance of substitution between domestic fuel, petrol and the nine other spending 
categories, and (since two different commodities, energy and motor fuels, are taxed by a carbon tax, and taxed at 
different rates) it is possible for the estimates to be less than or greater than the non-behavioural results; the latter result 
is found for the top decile.
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Table 10.

Average carbon tax payments, based on a carbon tax equivalent to $10 per barrel: comparison of income and expenditure as the measure of 
household living standards. Great Britain, 1988.

Weekly expenditures in pounds, income shares as percentages of household gross normal income, budget shares as percentages of total household 
expenditure

Deciles of total household income or expenditure

All 1 2 3 4 5 6 7 8 9 10

by decile groups of equivalent household expenditure

£ per week £1.89 £1.03 
(as % of total spending) (1.2%) (2.1%)

£1.28
(1.7%)

£1.45
(1.3%)

£1.60
(1.2%)

£1.80
(1.2%)

£1.98
(1.1%)

£2.14
(1.0%)

£2.31
(1.0%)

£2.46
(0.8%)

£2.82
(0.6%)

by decile groups of gross household income

£ per week £1.89 £1.01 
(as % of gross income) (1.1 %) (3.4%)

£1.26
(1.7%)

£1.42
(1.3%)

£1.56
(1.0%)

£1.82
(0.9%)

£2.00
(0.8%)

£2.07
(0.7%)

£2.19
(0.6%)

£2.52
(0.5%)

£3.03
(0.4%)

Note: results from the IPS Simulation Programme for Indirect Taxes.

170



6. Distributional aspects of carbon/energy taxes

1.5 Wider distributional effects of carbon/energy taxes

In addition to the direct distributionai effects working through the prices of househoid purchases 
of domestic energy and motor fueis, a carbon tax applied to ali fueis wouid have a number of 
indirect distributionai effects, as a result of the taxes imposed on industrial purchases of energy. 
These indirect effects reflect the fact that the ultimate incidence of ail taxes is on househoids - the 
burden of taxes on business can in principle always be traced to the househoids or individuals 
who are the shareholders or owners of each business, or to its suppliers, employees or customers. 
Which of these various groups shoulders the ultimate burden of any tax, and what place they 
occupy within the income distribution, will thus determine the distributional incidence of taxes on 
industrial inputs.

If higher prices for industrial energy inputs are passed on to consumers in the form of higher prices 
for industrial outputs, there will be distributional effects amongst households of a similar sort to the 
direct effects discussed above. These effects have been studied, for example, by Common (1985) 
and Symons, Proops and Gay (1991) using input-output tables to translate changes in energy 
prices into changes in the relative prices of different outputs. This approach makes the strong 
assumption that there will be no factor substitution in production, although this may be a reasonable 
approximation in the short-term. Common (1985) uses input-output tables for 1974 to estimate the 
distributional impact of a doubling of primary energy prices in the UK. With the exception of the 
effects on the prices of fuels purchased by consumers, the effects on consumer prices are 
comparatively modest and even; only in the case of public transport and the category "other 
household goods" do the simulated price increases exceed 5 per cent, and the only prices to rise 
by less than 2 percent are those for housing, communications services and domestic service. The 
increase in the price of domestic energy alone accounted for about half the overall Increase In 
consumer prices, and also had a more regressive impact than the overall price change. Symons, 
Proops and Gay (1991) present estimates of the effects on consumer prices of a carbon tax at 
various levels, based on the 1984 UK Input-Output tables. These prices are then used as inputs 
to a microsimulation model of consumer spending to derive effects on household tax payments by 
Income decile. A carbon tax of 6p per kilo (ECU 90 per tonne) has "dramatic adverse distributional 
effects" on low Income households, although the extent to which these are due to the indirect 
effects rather than the direct effects is not discussed.

Unless all of the burden of the carbon tax on energy inputs can be passed on in higher prices, 
without any change in the pattern of consumers' expenditure, at least some of the burden of the 
tax will be borne by the owners of the different factors of production, including capital, labour and 
natural resources, especially energy resources. One obvious possibility is that at least part of the 
carbon tax on energy will be borne by the owners of reserves of carbon-based energy sources, 
as a result of lower pre-tax prices for carbon-based energy, and the profitability of existing extraction 
activities may fall. Changes in the profitability of extraction activities will affect the real incomes 
and wealth of the households owning shares in resource extraction businesses. The profitability 
of other firms may change too, especially if consumer demand switches away from energy-intensive 
goods and services, and this may affect the profits received by their owners, and the wages and
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employment prospects of their employees. Depending on the complementarity or substitutability 
of different factors in production, effects could be felt on the return to capital and labour even 
outside the sectors directly affected.

The balance of these various effects on the distributionai incidence of taxes on industrial energy 
inputs cannot be predicted a priori. Some important considerations affecting the strength of different 
effects include:

(1) the degree of monopoly in factor and product markets.

(2) international competition. Whether carbon taxes are introduced at the same time in 
competitor countries wiii affect both the ability of EC firms to pass the tax on in prices, and 
the impact of the carbon tax on the world price for energy®, and hence on the incomes and 
wealth of the owners of energy resources.

(3) the degree of substitutability of different factors in production. If firms are able to substitute 
away from carbon-based energy towards alternative factors of production, they will reduce 
the increase in the prices of energy-intensive products that would otherwise occur. The 
change in factor demands wouid then affect the relative prices of different factors, tending 
to reduce the returns to the taxed factor, carbon-based energy, and to increase the returns 
to its substitutes. Since the scope for substitution is generaily believed to be quite low in the 
short-term, but to increase as existing plant is replaced®, this suggests that the distributional 
incidence of a carbon-tax could change over time.

(4) speed of adjustment. The more that consumption patterns change, the greater the 
necessary adjustment in the pattern of production, and the stronger are likely to be the 
distributional effects of reduced profits (quasi-rents) in existing firms, and possible temporary 
unemployment.

T 0 quantify the full range of effects set out above would require a comprehensive general equilibrium 
model, based on detailed information about consumer demands, and the substitutability of different 
factors in production. Many of the key behavioural and technical parameters are unknown, and 
those estimates that exist are often subject to a wide margin of error.

2. Policy responses to the distributional effects of a carbon/energy tax

A carbon/energy tax at the full $10 per barrel level proposed by the EC would raise substantial 
fiscal revenues, equivalent to, on average, some 3% of total tax revenue in the member states. 
Introduction of a new tax on this scale would present fiscal policy-makers with considerable 
opportunities to use the revenues to facilitate major reforms in other aspects of the tax system, or

8 There is an existing literature on whether co-ordinated energy taxation by energy-consuming countries can 
appropriate some of the rents being eamed by energy-producing countries - see for example Eyckmans and Proost, 
1991.
9 See for example Ingham and Ulph, 1990.
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in public revenues and expenditures more widely. Thus, for example, in Sweden, carbon tax 
revenues were used to allow large reductions in marginal tax rates on labour income, and the 
carbon tax was seen as having both an environmental and a fiscal policy rationale (Bohm, 1993).

The revenues raised by the carbon tax also provide considerable scope for parallel policy measures 
to be taken to offset undesired distributional effects, where these would arise from the higher level 
of energy taxation.

The results presented In this paper indicate that the extent to which introduction of a carbon/energy 
tax would raise significant equity issues seems likely to vary amongst the member states of the 
Community. In broad terms, the distributional Incidence of the tax is the sum of two components 
- an additional tax on motor fuels which appears to have a mildly progressive (or, at worst, broadly 
proportional) incidence across income groups and a tax on domestic energy which, in some member 
states, appears to be quite sharply regressive. The overall distributional incidence of the 
carbon/energy tax in each country depends on the relative weight of these two components, given 
by the importance of each in consumer spending. The overall distributional incidence of the 
carbon/energy tax appears to be broadly proportional to income in most member states, but in 
countries where spending on energy is large relative to spending on motor fuel, either because 
motor fuel spending Is a relatively small part of total consumer spending, or because for climatic 
or other reasons domestic energy spending has more of the character of a necessity, the carbon 
tax would have an overall regressive distributional incidence.

On the basis of the estimates in the previous section, the EC carbon/energy tax would appear 
likely to have significant regressivity in both the UK and Ireland, whilst in the other five member 
states fewer - or, at least, more limited - distributional issues would appear to arise. The discussion 
of distributional issues in this section is largely directed at the policy issues in countries such as 
the UK and Ireland where the overall distributional incidence would be regressive, although some 
of the issues raised may be of wider applicability.

The overall distributional incidence of the introduction of an EC carbon/energy tax will depend both 
on the pattern of carbon/energy tax payments and on the use of the carbon/energy tax revenues. 
The appropriate incidence concept, in a situation where the tax would be introduced on a 
revenue-neutral basis. Is the concept of differential Incidence - in other words, the difference 
between the distributional incidence of the carbon/energy tax, and of the offsetting tax reductions. 
The choices that are made on the use of the revenues can have a critical impact on the overall 
distributional effects that would follow introduction of the EC carbon/energy tax.

2.1 Lump-sum revenue return

It is relatively straightforward to see that there are ways in which offsetting tax changes could be 
made that would, on average, return more to the poorest income groups in the population than 
they would pay in carbon/energy tax. Since the carbon/energy tax payments rise, in absolute 
(money) terms, with income, returning the revenues in the form of an equal lump-sum amount to 
all households would on average more than compensate low-income groups, in terms of tax
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payments, for the carbon/energy tax. Thus, for example, in the case of the UK figures shown in 
Table 9, the average carbon/energy tax payment per household is estimated at £1.89 per week. 
The total revenue derived from the tax is thus capable of financing an equal payment of the same 
amount, £1.89 per week, to all households. Since the carbon/energy tax payments of the bottom 
decile are, on average, only £1.03 per week, this lump sum of £1.89 per week would exceed the 
average carbon/energy tax payments of this group. Similarly, the lump-sum return of revenues 
would exceed the average carbon/energy tax payments of the bottom five deciles. The overall 
distributional incidence of tax payments from a policy package consisting of the carbon/energy tax 
plus lump-sum return of revenues would be progressive.

It will be noted that the claim made for a policy involving lump-sum return of revenues is limited to 
the observation that it would be adequate to compensate poorer household groups, on average, 
in terms of the amount of tax they pay; the policy does not necessarily compensate poorer 
households sufficiently to ensure that the effect of the carbon/energy tax on their overall welfare 
is positive. The poorest deciles would be likely to experience both the largest increases in tax 
payments as a percentage of income, and also the largest volume reductions in energy consumption 
as a percentage of initial consumption. The economic costs associated with induced reductions 
in energy consumption are therefore also likely to higher for poorer households than for better-off 
households.

2.2 Problems with lump-sum revenue return

Nevertheless, whilst a policy package combining the EC carbon/energy tax and equal lump-sum 
return of revenues seems likely, in principle, to leave households In the bottom deciles of the 
income distribution better-off on average. In terms of tax payments and, probably, economic welfare, 
than before the reform, a number of difficulties may be observed with compensation through an 
equal lump-sum payments to all households.

(I) Failure to maximise potential efficiency gains

Firstly, using the revenues from the carbon/energy tax to pay for lump-sum compensation to each 
household will tend to require that the tax revenues are returned in ways which do not maximise 
the potential benefit in terms of greater economic efficiency in taxation.

If the distributional incidence of taxes is thought of in terms of a simple linearisation of the relation 
between income and tax payments, so that tax payments consist of a lump-sum component 
("intercept") and an income-related component ("gradient"), then the relationship between 
distributional compensation and efficiency may be seen in the following way. Introduction of a 
regressive tax increases the intercept component in the relationship between income and tax 
payments. Offsetting the additional regressivity so as to leave the distributional incidence of the 
overall tax system no more regressive than before requires that the package of tax reductions 
should reduce the intercept component by at least as much as this initial increase. Returning all
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of the revenues from a carbon tax as an equal lump sum per household would clearly satisfy this 
requirement, but any package of tax reductions achieving a gradient-to-intercept ratio at least as 
high as that of the carbon tax would suffice to offset the regressive incidence of the new tax.

Figure 5 

Distributional incidence of the use of carbon tax revenues

Great Britain, 1988
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distribution of equivalent-revenue compensation (a) as an equal lump sum to all households, and (b) through an equal 
percentage reduction in the rates of income tax. National Insurance contributions, VAT and excise duties.

The revenues from the carbon tax would have an opportunity cost, in the sense that if they are not 
used to offset the regressive distributional incidence of the tax, they could be deployed in ways 
which would reduce the overall efficiency costs of raising tax revenues. Whilst the existence of a 
"double dividend" from environmental taxes, in terms of both a reduction in environmental damage 
and a reduction in the distortionary cost of taxation has been contentious (Goulder, 1995), it should 
be clear that using the revenues raised from an environmental tax to reduce the rates of distortionary
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taxes will reduce the deadweight costs of taxation, by comparison with a situation where the 
revenues are simpiy returned as a iump sum to taxpayers^°. Generally speaking, economic 
efficiency would be maximised by the use of the revenues from environmental taxes to permit 
reductions in the rates of other taxes, and hence in the gradient of the linearised relationship 
suggested above, rather than in the lump-sum, "intercept" component of these taxes. However, 
reducing the rates of other taxes in the system will generally be ineffective at compensating poorer 
households for the additional environmental tax payments, since most tax payments are made by 
better-off households. This should be clear from Figure 5, which contrasts the distributional effects 
of two possible patterns of revenue return, which may perhaps be seen as representing a reduction 
in the intercept term, and gradient respectively:

• In the first case, the revenues raised from the carbon tax are used to finance a lump-sum 
for each household (the horizontal line); this is more than sufficient to compensate for the 
carbon tax payments of households in the bottom five deciles.

• In the second case, the revenues are used to permit a general reduction in all tax rates. 
In Figure 5 the distributional incidence of a proportionate reduction in all rates of income tax, 
national insurance contributions, VAT and excise duties is shown, with an aggregate revenue 
cost equal to the yield from the carbon tax. This provides little compensation to the poorest 
households, since they pay little tax to begin with, whilst providing better-off households with 
a substantial reduction in their tax burden, more than offsetting the carbon tax they would 
pay. Taken together with the carbon tax, this form of tax reduction would have a sharply 
regressive distributional impact; the share of poorer households’ incomes paid in tax rises, 
whilst the share of richer households’ incomes paid in tax falls.

The implication of this is that revenue uses which would maximise the scope for reductions in the 
distortionary cost of taxation will generally require a pattern of tax adjustments which run counter 
to those that would needed to rebalance the distributional incidence of the tax system. Using 
revenues for compensation will then typically fail to maximise the potential efficiency gains that 
would be available. It Is, however, far from clear that there is much scope for efficiency gains 
without accepting, at the same time, a more regressive distributional incidence to the tax system. 
If initial policy optimises the tradeoff between equity and efficiency goals, the Introduction of a 
carbon tax does not significantly alter the attainable points on that tradeoff, and the scope for 
"double dividend" efficiency gains may be small.

10 It is considerably less clear that levying an environmental tax, and reducing the rates of other taxes, will both improve 
the environment and reduce the distortionary costs of taxation by comparison with the initial situation. As Bovenberg 
and de Mooij (1994) have made clear, environmental taxes may, themselves, have effects on the labour market which 
may be non-trivial.
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(ii) Practical complexity of paying equal amounts to all households.

Second, it may be difficult in practice to achieve an exactly equal lump-sum return of revenues to 
all households; there is no single parameter of the taxation or social security system which can be 
adjusted so as to pay an equal lump sum to all households. Nevertheless, it may be possible to 
achieve a satisfactorily close approximation to an equal return of revenues through a package of 
measures involving increases in social security benefit levels, increases in the state pension level, 
and increases in income tax allowances; although some households would be affected by more 
than one of these, and others (such as single working adults with low incomes) may benefit from 
none, the overlaps and omissions would be relatively limited (Johnson, McKay and Smith, 1990).

However, it will almost certainly be impossible to make an equal lump-sum return of revenues in 
a way which conforms to the Commission’s requirement of revenue neutrality through faxreductions 
alone; increases in income tax allowances will not benefit those households with insufficient 
incomes to be paying income tax, and it would be difficult, if not impossible, to design changes to 
VAT or other taxes on expenditures which would give an equal amount back to all households. It 
will be necessary, if an equal lump-sum return of revenues is to be made, that the return of revenues 
is in part made through increases in public expenditures on state pensions and other social security 
benefits. This is perhaps not a serious problem, except in a presentational or a semantic sense; 
there is little economic significance in the distinction between making transfers to households 
through a reduction in taxes or through an increase in benefits. Nonetheless, there may be political 
difficulties in deviating from the commitment that the Commission has made that the carbon/energy 
tax should not result in an increase in the overall burden of taxation in member states.

(Hi) Compensating social security benefit recipients.

A third issue is the potential cost of a uniform lump-sum payment to ail households. Since public 
policy is likely to be concerned more about some households (eg the poor) than about others, is 
it possible to target the return of revenues so that it does not absorb ail of the revenue raised from 
the tax? One possibility would be to seek to limit the offset to existing recipients of social security 
benefits. This could then be provided by raising benefit levels by an amount that would compensate 
for the additional taxes on energy.

The precise effects of benefit changes on the resources provided to individual households will 
depend on the structure of the benefit system.

For example, if social security benefits take the form of some guaranteed minimum subsistence 
level of income, provided to those with no resources of their own, this subsistence minimum could 
be increased by an amount which would reflect the additional energy spending of a household 
living at the subsistence level. An adjustment of this sort would, in principle, provide full 
compensation for households wholly dependent on social security benefits.
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However, in addition, many social security systems seek to provide some level of support to 
households with some resources of their own; thus, for example, households with low levels of 
earned income may benefit in the UK system from Family Credit, which provides a level of 
assistance, calculated on the basis of an income-related "taper". A household's entitlement is a 
function of the maximum amount payable, a threshold below which the maximum is paid, and a 
rate of withdrawal as income rises above the threshold level. If the system is adjusted to compensate 
for higher energy prices by increasing the maximum amount payable, whilst keeping the rate of 
taper constant (to avoid increasing the overall marginal rate at which income is withdrawn), the 
effect would be to compensate households receiving full and partial benefit by the full amount of 
the increase in the basic benefit level. In addition some households previously not entitled to benefit 
would now have an entitlement to a small amount of benefit providing partial compensation for the 
higher tax. if the density of the income distribution is high at this point, the rise in the benefit amount 
could lead to a substantial increase in the numbers of recipients entitled to benefit (and in the 
consequent administrative cost).

In part, social security changes of this kind may be achieved "automatically" if benefit levels are 
indexed to the price level. As Crawford, Smith and Webb (1993) discuss, in the context of policies 
to extend VAT to domestic energy in the UK, there are two main reasons why indexation of social 
security benefit levels would, in practice, be unlikely to provide adequate compensation to social 
security benefit recipients in the UK for their average additional energy spending.

One is simpiy an issue of timing. If indexation is based on past, rather than current, price changes, 
social security benefit levels will not be adjusted immediately to reflect the higher price of energy. 
This lag is exacerbated in the UK system by making an annual indexation adjustment in April on 
the basis of the inflation rate over the twelve months to the previous September; thus price changes 
are not reflected in benefit indexation for at least 6 months, and on average 12 months, after they 
take place. It is clear that if the indexation lag were regarded as a problem, it could easily be dealt 
with, in the case of predictable price increases due to taxation changes, by some form of anticipatory 
inflation adjustment, to take effect at the same time as the tax increase.

The second deficiency of indexation is that social security benefits are indexed on the basis of a 
price index which does not reflect the importance of energy in the spending of benefit recipients. 
Benefit levels in the UK are indexed by the general index of retail prices, which is weighted by the 
average spending pattern of non-pensioner households. The index used therefore does not reflect 
the particular circumstances of benefit recipients, for at least three reasons: pensioners (who 
represent a large proportion of benefit recipients) are not included in the index; using an index 
which includes the spending of better-off households reduces the importance of energy in the 
index; and, because the spending of the poor is lower, their spending pattern is naturally 
under-weighted in an index weighted by average household spending.
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(d) Adequacy of compensation based on average spending.

A fourth issue is whethercompensation based on the average spending of households in a particular 
group should be regarded as adequate. The equal lump-sum amount paid to all households is 
more than enough to compensate households in the bottom decile of the income distribution for 
the additional taxes they would pay, on average. However, the adequacy of the lump sum as 
compensation for individual households within the decile will vary; households spending less than 
the average on energy will be significantly over-compensated, whilst those spending much more 
than the average on energy will find that the lump sum is less than the amount of the additional 
taxes they pay. The next section discusses how far the position of individual households around 
the decile averages should be a concern for policy, and, to the extent that it should be, what form 
of offsetting policy measures might be then be required to reflect the variation in the effects on 
individuai households,

2.3 Differences between households and their relevance for distributional policy.

Table 11 shows that there would be substantial variation around the average in the adequacy of 
uniform lump-sum compensation, especially where the compensation merely returns the average 
carbon tax paid by the bottom decile (£1.03 per week) rather than the total revenues (equivalent 
to £1.89 per week per household). This reflects the range of energy spending of the households 
within each decile group.

Thus, for example, although compensation through a lump sum payment of £1.03 per week would 
on average exactly offset the additional tax payments of households in the bottom decile group, 
it would lead to appreciable gains or losses (in excess of 0.5 per cent of gross household 
expenditure) for about two thirds of households in the group. About one quarter of households 
would find that the compensation fell short of the additional tax by more than 0.5 per cent of their 
gross spending, whilst about 40 per cent would be over-compensated by more than 0.5 per cent 
of gross spending. A lump sum compensation payment of £1.89 per week, equai to the average 
additional tax payment over all households, would increase the proportion of households in the 
bottom decile gaining more than 0.5 per cent of total spending to some 85 per cent; only one 
household in twenty in the bottom decile would then be under-compensated by more than 0.5 per 
cent of total spending.

Four main issues are raised by these results:

(a) Seasonaiity and infrequency in the data.

Firstly, it is possible that at least part of the variance in tax payments may not reflect long-run 
differences in the underlying levels of energy spending of different households, but may arise from 
two features of the data. The data in the UK Famiiy Expenditure Survey data used in this analysis 
do not show the fuel expenditures of households over the course of an entire year, and seasonal
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Table 11.

Net effect of $10 per barrel carbon tax with lump sum return of revenues, Great Britain, 
1988.

Ranges of net gain,
as percentage of
gross household expenditure

Percentages of aii househoids in deciie

Decile groups of equivalent household expenditure 

All 1 2 3 4 5 6 7 8 9 10

(a) Lump sum equivalent to £1.03 per week: 

Gain exceeds 5% 0 1 0 0 0 0 0 0 0 0 0

2%..5% 1 11 1 0 0 0 0 0 0 0 0
1%..2% 3 17 7 4 2 0 1 0 0 0 0

0.5..1% 5 13 11 9 5 4 3 2 2 0 0

-0.5%..+0.5% 51 31 45 49 53 52 50 51 53 58 73

Loss -1%..-0.5% 26 11 19 24 27 30 33 33 34 33 21

-2%..-1% 11 11 14 11 12 13 12 13 9 6 5

-5%..-2% 2 5 4 3 1 2 3 1 2 1 1

exceeds -5% 0 0 0 0 0 0 0 0 0 0 0

(b) Lump sum equivalent to £1.89 per week: 

Gain exceeds 5% 1 12 0 0 0 0 0 0 0 0 0

2%..5% 8 42 21 11 4 1 0 0 0 0 0

1%..2% 11 21 26 21 16 14 8 5 3 1 0

0.5..1% 12 10 22 18 19 14 16 10 9 5 2

-0.5%..+0.5% 55 10 24 42 52 59 59 67 71 78 84

Loss -1%..-0.5% 9 2 4 5 6 9 11 14 12 13 10

-2%..-1% 3 2 3 3 3 2 4 2 3 1 3

-5%..-2% 1 1 1 1 0 1 2 0 1 1 0

exceeds -5% 0 0 0 0 0 0 0 0 0 0 0

Note: estimates of carbon tax payments from the IPS Simulation Programme for Indirect Taxes (as In Table 5.2). "Second 

round" effects of lump sum return of revenue on consumer spending and hence on carbon tax payments are likely to be 

small, and are Ignored.

variations in energy spending or a pattern of infrequent purchases could give rise to differences 
in the recorded spending of households in the survey that do not reflect underlying differences in 
their consumption of energy.

There are, however, reasons to believe that the amount of variation in spending arising from the 
period over which the data is recorded is likely to be relatively small. Certainly, in the case of 
household spending on domestic energy the length of the period to which data refer is generally 
rather greater than the two week period during which households keep diary records of most other 
spending.
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Spending data in the FES reiating to gas and electricity supplies is generally based on the most 
recent bill received; since households are normally billed quarterly in arrears this will be a bill for 
a three month period, ending at some time in the past three months. Some househoids also pay 
according to budget payment plans, in which energy spending is evenly spread throughout the 
year. As Crawford, Smith and Webb (1993) show, this pattern of billing is reflected in a small 
seasonal variation in total domestic energy spending in the UK, with month-by-month figures for 
total energy spending fluctuating within a band of ten per cent or so around the annual average.

Some households pay for gas and/or electricity through a slot-meter system. In the case of these 
households, the information recorded in the FES relates to their spending on the meter during the 
two week diary period only. Since, however, such meters frequently over-charge relative to the 
final bill due, an adjustment is made periodically, in the form of a refund. The FES records a weekly 
amount based on the refund for the previous year, and this is subtracted from the meter payments 
recorded over the diary fortnight. It is probable that there will be a clear seasonal pattern to meter 
payments, whilst the refund amounts will not reflect any seasonal variation in payments.

For spending on energy other than electricity and gas, such as purchases of motor fuel, and in the 
case of some households, purchases of domestic fuels such as bottled gas and coal, the data in 
the FES are based on spending during the diary fortnight. Spending on motor fuel is likely to show 
some spurious variation due to the short period for which the diary is kept, although this is probably 
relatively small; the size of motor fuel purchases is limited by the capacity of the fuel tank of motor 
vehicles. Spending on coal and other storable domestic fuels may however take the form of 
infrequent purchases of stocks of fuel intended to last for a period of time, and the two-week period 
may well be insufficient to record the average level of such spending. Many househoids will record 
no spending of this sort, even if at some time during the year they do make occasional large 
purchases. On the other hand, those households recording such spending will typically record 
large amounts, to cover more than just the diary period. On average, the correct amount of spending 
will be recorded, although there will be much greater variation in the recorded spending of individual 
households than there would be if the spending were recorded over the whole year. Any seasonal 
pattern in purchases of these fuels will be expected to be reflected in the FES data.

Crawford, Smith and Webb (1993) show that the effect of correcting for the seasonality in the 
recorded pattern of household purchases of domestic energy in the UK Family Expenditure Survey 
is rather small. Average household spending on domestic energy was £12.25 in 1991, with an 
unadjusted standard deviation of £7.70 and a seasonally-corrected standard deviation of £7.59. 
They conciude that most of the reasons for individual variation in spending arise due to factors 
otherthan seasonal fluctuations in spending; the reasons for the variation observed would therefore 
appear mainly to do with other factors, which could include infrequency of purchase”  and household 
differences in needs and preferences for energy consumption.

11 Infrequency will mainly affect purchases of coal and domestic heating oil. Unfortunately the data does not permit an 
assessment of the importance of such infrequency. It Is not known how frequently the households recorded as making 
purchases in the two week period make purchases of fuels, and it is not therefore possible to gauge how many other 
households, recorded with low purchases in the two-week period of the FES, actually made large purchases in another 
period.
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(b) The relative importance of needs and preferences in the variance of household spending.

Secondly, where there are genuine long-term differences in the level of spending of different 
househoids in the same decile group, the key issue for policy is to identify what gives rise to the 
variation. In particular, are the differences in househoid energy spending simply a reflection of 
different preferences, or a refiection of differences in needs for energy spending? Where the 
observed differences in household spending and carbon/energy tax payments reflect the former, 
it is difficult to see any case for households with above-average spending to be compensated for 
their above-average tax payments. If some households in the bottom deciie spend more on the 
deciie average on domestic energy, for example, simply because they have a stronger preference 
for warmth relative to other goods and services than other households in similar economic 
circumstances, there is no obvious for this to be treated any differently in distributional policy than 
any other difference in preferences between households.

On the other hand, household spending patterns may also reflect differences in needs, and a 
distributional policy aiming either to provide a given minimum standard of living or to narrow 
differences in standards of living between poor households and the average may need to provide 
greater assistance to households with higher needs. Thus, differences in energy spending may 
reflect various househoid characteristics affecting the need for energy spending. The elderly, for 
example, may have a need for more spending on heating, both because they are at home more 
of the day than the working population, and because of their greater vulnerability to the cold. There 
may be important regional differences in energy spending needs, reflecting both differences in 
climate^^, and differences in the cost of supply in different areas’®. Also, residential accommodation 
may differ in insulation and thermal efficiency; older houses may require greater energy inputs 
than new houses to reach the same internal temperature. Some of these differences between 
houses may reflect the operation of various possible market failures in energy efficiency, including 
a lack of information, poor incentives in rental property, current income constraints, "myopia" and, 
perhaps, "irrational" behaviour by certain consumers’^

The above arguments concerning the variation in needs for energy spending between households 
simply concern the provision of adequate financial resources to enable households to purchase 
sufficient energy, given their needs for energy. It is possible, however, that public policy may seek 
to do more than this, and may be concerned about the actual amounts of energy consumed by 
poorer households. Concern of this sort may arise for two reasons.

12 Climatic differences appear to underpin a substantial proportion of the variation in domestic energy consumption 
across mefnber states of the Community.
13 Note that the cross subsidy obligations imposed in the past on nationalised industries tended to limit the variance in 
supply costs between households, with the effect that public policy did not, in most cases, need to address the issue of 
assessing the effect of differences in supply costs on defining differences in households’ needs for energy and for the 
products of other nationalised utilities. In a privatised utilities industry it becomes more difficult for government to 
enforce such cross-subsidy obiigations, and supply costs are likely to become increasingly divergent between different 
groups of customer.
14 See Chapter 8 and Brechling, Heim and Smith (1991).
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One may be simply a "paternalistic" view of distributional policy; the objectives of society may not 
be formulated in terms of the provision of adequate income, but may take the form of concern 
about the actual consumption by poorer households of certain merit goods, one of which may be 
energy. Whilst economic policy-makers have tended to be sceptical about arguments for 
intervention taking this form (on the grounds that provision of income rather than the equivalent 
value of goods will always provide households with at least as much benefit, and possibly more), 
it is possible that the objectives of policy-makers could take this form (Dilnot and Helm 1987). Thus 
for example public policy might be concerned specifically with the amount of heating available to 
certain groups of the population such as the elderly, and with avoiding deaths from hypothermia, 
rather than with the provision of additional financial resources to the elderly more generally.

A second group of reasons for concern about the actual consumption of energy by poorer 
households is that the constraint on household consumption patterns which induces them to 
purchase inadequate amounts of energy may not be a direct income constraint at all. Thus, for 
example, low-income elderly households may be particularly averse to exposing themselves to 
the risk of unexpectedly high fuel bills, and may keep their energy spending low, not because they 
could not afford more energy, but because they wish to minimise the risk that their energy bills will 
turn out to be unexpectedly high. In these circumstances, merely providing poor elderly households 
with more income may not induce much increase in energy consumption; however, relatively 
inexpensive measures targeted at the underlying unpredictability of energy bills (such as provision 
of continuous slot-metering) may be more effective.

(c) Targeting and the observability of needs.

If there are indeed differences between households in the need for energy spending, and if the 
variation in needs is seen as a concern for policy, can the differences in need be compensated 
effectively through financial transfers? This depends, in practice, on the amount and type of 
information required to identify which households have above-average needs. If the factors 
governing household needs for energy are observable, then it is possible for social security to be 
targeted to those households with high need. On the other hand, if households’ energy needs are 
cannot be observable (or can only be observed at prohibitive cost), a policy based on targeted 
compensation may be ineffective, and an alternative approach may be required.

In some circumstances, as Blackorby and Donaldson (1988) have shown, free (or cheap) supply 
of goods may lead to more effective targeting than the provision of cash compensation, as 
households with high needs effectively self-select for high levels of (subsidised) consumption. Of 
course, households with low needs but a strong preference for the good will also benefit from a 
policy of cheap supply. Public policy then has to weigh the potential efficiency gain from more 
efficient targeting against the efficiency loss from providing goods at less than their resource cost; 
only where the latter is small relative to the former will targeting through a low price and self-selection 
be worthwhile.

183



6. Distributional aspects of carbon/energy taxes

The practical relevance of this line of argument turns on whether the unobservable differences In 
household needs for energy are large relative to other factors which affect the energy consumption 
of Individual households, such as Income and preferences. Across the population as a whole, It Is 
perhaps unlikely that this condition would be satisfied; It would seem plausible that much of the 
variance In household consumption could be related to observable factors, such as region, numbers 
of people In the household, their ages, and their employment status, all of which are already - or 
easily could be - used to target benefit payments. The remaining, unobservable, sources of variation 
are likely to be comparatively small, on average, and Insufficient to justify the efficiency cost of 
providing energy at a price below Its full social cost. On the other hand, there may be a case for 
suggesting that, amongst certain groups, unobservable sources of differences In energy 
consumption are rather larger; thus, for example, amongst the elderly the amount of energy required 
will be greatly affected by their degree of physical activity, which could be only partly observed by 
the social security system.

It would be possible to design systems of cheap energy supply targeted at the elderly, providing 
energy at below Its full marginal social cost to households on the basis of the number of elderly 
residents. The low price could apply to all units of energy supplied to such households, or to all 
units up to some limit of n units per quarter, after which the standard price would apply. The latter 
might be appropriate If It Is believed that very high spending mainly reflects preferences rather 
than needs. (Note, however, that unless n Is set above the consumption of at least some households 
It Is equivalent to a simple cash transfer.) Clearly there would be a substantial administrative cost 
In Implementing such arrangements, which would have to be weighed up against the potential 
greater target efficiency of the overall social security system In this area.

Cheaper energy for Individuals with high needs could be Implemented through various forms of 
adjustment to the tariff structure for domestic energy supplies. Most utilities supply Individual 
customers according to a tariff of charges which Includes both a fixed "connection" cost, unrelated 
to the amount consumed, and a variable charge levied on each unit used.

From the point of view of environmental policy, externalities associated with energy consumption 
should be reflected In an Increase In the cost of energy consumption at the margin. The distributional 
problem arises because higher energy taxes Increase the cost of marginal consumption by 
Increasing the cost of all units consumed. It might be possible to reduce, or eliminate the 
distributional problem by measures which Increase the marginal cost of consumption, whilst 
reducing the average cost, either through a reduction In the fixed cost element, or by reducing the 
price for an Initial "allowance" of a given number of units.

In countries where utilities are In public ownership under close government control, 
"non-commercial" objectives. Including social objectives, may frequently enter decisions about 
utility prices and the tariff structure for utility supplies. One case, discussed by Maddock and 
Castaho (1991) where manipulation of the tariff structure has been employed specifically In order 
to achieve distributional goals Is the case of electricity supply In Colombia, where supplies are 
charged according to a rising block structure, with a fixed connection fee and 5 rising marginal 
rates for successive blocks of consumption. Using data for about 1000 households In the city of
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Medellin and an estimated behavioural model of household consumption behaviour, Maddock and 
Castaho show that this pricing system has achieved a considerable measure of redistribution. The 
poorest income group gain an amount equivalent to some 5 percent of income, compared to the 
charges they would pay with a uniform tariff.

Compensation for environmental taxes on energy through a reduction in the fixed connection 
charge for energy supply, or through use of a rising block tariff in which the initial units of 
consumption were charged at a lower rate than the remaining units consumed would correspond 
to the equal lump-sum return of revenues discussed above, if the tariff reduction were applied to 
all customers. Alternatively, it might be possible to target the tariff reduction to particular groups 
of consumers, about whom there was particular concern.

Whilst superficially attractive as a means of compensating for higher marginal energy charges - 
and perhaps politically-attractive because it makes clear the linkage between higher energy prices 
and the compensation provided - the manipulation of utility tariffs as a means of compensating for 
environmental taxes on energy would involve a number of significant problems.

The first is that it raises the same problem of the information requirements for targeting as are 
raised in providing compensation through public transfer programmes. If it is intended to target 
compensation to elderly consumers, or to low-income consumers, then the utility company needs 
to have access to data about the characteristics of individual consumers of exactly the same sort 
as would be required by government social security agencies in providing compensation through 
direct transfers. In general, it is unlikely that utilities will have better access to information about 
the relative characteristics of consumers than government social security agencies, and they may 
have to duplicate many of the information-gathering activities already performed by the social 
security agencies for other purposes.

It might be thought that an effective way of targeting assistance with utilities bills would be to 
concentrate the help on low energy consumers. This will not, however, target help on a number 
of the groups of greatest concern, and may also provide considerable benefit to comparatively 
well-off groups. This is because household energy consumption is often closely related to working 
patterns and other "lifestyle" factors. Some of the consumers with high energy bills (in absolute 
terms), include the unemployed and the elderly, who are at home during the day, and therefore 
use much more energy for heating than richer consumers who are out at work.

A second problem (although one whose significance can be overstated) may be the impact of 
targeted tariff changes on the incentives for energy conservation. Reductions in the connection 
charge and an initial allowance of low-priced units are fully equivalent if the initial allowance 
corresponds to genuinely intra-marginal units of consumption, and little impact might be expected 
on the level of energy consumption (except for an income effect). However, if the initial allowance 
exceeds the consumption level of some consumers, then the marginal cost of energy use is reduced 
for those users, and the effectiveness of energy taxes in reducing energy related emissions may 
be more significantly reduced.
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Other practical problems which may arise if utility tariff changes are used to compensate for energy 
taxes include problems relating to the divisibility of consumption units. If the allowance of low-priced 
consumption is large relative to the connection charge, there may be an incentive for artificial 
splitting of household units, to benefit from more low-priced consumption allowances. In a similar 
vein, there may be difficulties of achieving equity between households consuming more than one 
fuel (eg electricity and piped gas) and households consuming a single fuel, since the former could 
benefit from twice the compensation of the latter. More generally, there is a problem that the wedge 
which is driven between the tariff structure and the real costs of supply connection may induce 
inefficient decisions relating to household connection; households no longer would base their 
connection decisions on the real costs of connection.

Greater difficulties arise in providing compensation through utility tariff adjustments where the 
utilities companies are in private ownership. Requiring utilities to price according to a structure 
bearing no relationship to underlying supply costs would create new requirements for regulation. 
In particular, it would either be necessary to coerce utilities into supplying low consumers for whom 
charges would not cover connection costs, or to provide public subsidies to cover the costs of 
supplying these consumers (in which case issues of compliance monitoring would arise).

A related strategy, which has some practical attractions especially in a system of private utility 
suppliers, has been suggested in Poterba (1991). This would be to provide a tax credit for energy 
supplies, up to a certain limit. Consumers might be required to demonstrate their actual level of 
consumption to the income tax authorities, and would then have their income tax bill reduced by 
a corresponding amount, up to a given threshold. Of course, the tax credit would be only of benefit 
to taxpayers, but it would be possible to use a similar system, integrated with the income tax or 
public transfer systems, for providing payments to non income tax payers. The attraction of these 
arrangements over other tax or transfer adjustments is that they could target assistance both on 
particular groups, and in proportion to their consumption, so as to identify within the target groups 
households or individuals with particularly high energy needs.

(d) Policies to reduce variance in needs.

Fourthly, it may be possible - and more efficient - to try to reduce the causes of variation in needs, 
than to try to target compensation in proportion to needs. If, for example, differences in needs 
reflect market failures in energy efficiency bearing particularly heavily on certain groups of the 
population, then it may be possible to eliminate (or at least reduce) the underlying causes of the 
variation in need by measures to remove the source of the market failure. Whilst spending on such 
measures may have a resource cost, this could be outweighed by two corresponding resource 
savings. Firstly, the resource cost of making transfer payments to poor households with high needs 
would be reduced. Secondly, correction of the market failure should, itself, involve efficiency gains 
from a more efficient allocation of resources.
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More generally, to rely solely on pollution taxes on energy will not be an efficient way of reducing 
domestic energy use if there are significant market failures in the energy market which prevent 
economically efficient projects for investment in fuel efficiency from being carried out. A carbon 
tax would remove one impediment to optimal investment in energy efficiency, that of the divergence 
between the private and social costs of energy consumption, and would increase the private 
profitability of marginal investments in energy efficiency. However, other possible market failures 
in energy efficiency may also present a prima facie case for government intervention on efficiency 
grounds, targeted towards the specific sources of the market failure. As discussed in Chapter 8, 
elimination of these market faiiures may also contribute efficiency gains, and could also lead to 
reductions in energy use (although the latter effect is far from certain, and will depend on the 
character of the energy demand of the consumers subject to the market failure).

3. Conclusions

Two main issues have been explored in this chapter.

The first concerns the distributional incidence of a carbon/energy tax along the lines proposed by 
the European Commission. The distributional impact would consist of three main components - 
direct effects relating to the pattern of household spending firstly on domestic fuels and secondly 
on motor fuels, and indirect effects arising from the taxation of industrial energy inputs. It is the 
first of these that gives rise to distributional concerns, due to the greater proportions of total 
household spending devoted to domestic energy amongst poorer households. The incidence of a 
tax on domestic energy expenditure alone would then be likely to be regressive, and, at the levels 
under discussion would lead to a significant increase in the tax burden of poorer households. 
Where a carbon tax is applied to all fuels, however, the regressivity is likely to be less, since at 
low income levels a tax on motor fuels appears progressive, and because there are no strong 
reasons to believe that the indirect impact of a tax on industrial energy would be highly regressive.

However, the extent to which a carbon tax would raise significant distributional issues seems likely 
to vary between the member states of the Community. In some member states, notably the 
Mediterranean countries, the budget shares of domestic energy amongst poorer households are 
lower than elsewhere in the Community, and little higher than those of richer households in the 
same country. Taxation of domestic energy in these countries would be less regressive than in 
other member states, especially Ireland and the UK, where the proportion of spending of poorer 
households on domestic energy is high both in relation to other member states, and in relation to 
richer households. In Spain and Italy the weak regressivity of a tax on domestic energy would be 
more than outweighed by the progressivity at low income levels of a tax on motor fuels, whereas 
in Ireland and the UK, the regressivity of domestic energy taxes would dominate the overall impact 
of a carbon tax.

Overall, a carbon tax would have a regressive impact on the distribution of income in the UK, in 
the sense that the additional tax would be a greater percentage of the spending of poorer
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households than of richer households. For the poorest 10 per cent of the population, the extra tax 
would be equivalent to more than 2 per cent of their total spending, compared to less than 1 per 
cent for the richest 10 per cent.

The second main issue addressed in this chapter concerns the possible use of the very large 
revenues raised from the carbon tax. These provide scope for actions by member states to offset 
distributional problems where they arise. Even where the tax burden is regressive, a lump-sum 
redistribution of revenues, for example, through increased social security payments and tax 
thresholds (income exempt from income taxes) would be sufficient to ensure that the net impact 
of a carbon tax on poorer income groups was on average positive. Nevertheless, the average may 
conceal wide variations, and specific targeted interventions, perhaps including reduced energy 
costs for the vulnerable elderly, or measures to improve the heat efficiency of their homes, may 
in some cases be required.

How\he additional tax revenue is used will be critical in determining the overall distributional impact. 
If the revenue is used in a way which maximises the "double dividend" efficiency gains, it will tend 
to be used to reduce tax rates, and this will confer much greater benefits on better-off househoids, 
and the overall distributional impact of the carbon tax will remain regressive. The revenue could, 
however, be used in a way which returned at least as much, on average, to poorer income groups 
as they paid in carbon tax, by making a lump-sum return of revenues. In Figure 5 it can be seen 
that the weekly lump-sum per household which could be financed from the carbon tax revenues 
would be more than enough to compensate households in the bottom five deciles (on average) 
for the carbon tax. Designing an effective lump-sum redistribution mechanism within the existing 
tax and social security system is complicated (Johnson, McKay and Smith, 1990), but could be 
approximated through a package involving increases in state pensions, social security benefits 
and income tax allowances^®. It is clear, however, that these measures are not those that would 
be chosen if it was intended to maximise the efficiency gains from reductions in other taxes that 
the carbon tax would permit. There is thus a clear trade off between efficiency and equity in the 
use of the revenues, and the double dividend efficiency gains can only be achieved by sacrificing 
the distributional neutrality of the package.

15 It will be noted that some of these measures constitute public expenditure rather than tax measures. We see no 
difference in principle between increasing public expenditures by increasing the level of social security benefits and 
increasing "tax expenditures" by raising tax allowances, and the former cannot be avoided if poorer households are to 
be adequately compensated.
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Annex. Carbon tax rates and energy prices
This Annex sets out the detail of the carbon/energy tax rates assumed in the analysis of distributional 
effects in Chapter 6.

The overall level of the tax
The EC proposal made in 1991 was that non-renewable energy sources should be taxed according 
to their carbon and energy content. After an initial phased introduction, the tax would be set at a 
level of $10 per barrel of oil, of which half would be the carbon component and half the energy 
component. Other non-renewable energy sources would then be taxed on their carbon and energy 
content at the same rates per unit of carbon and per unit of energy as levied on the carbon and 
energy content of the reference barrel of oil. The tax rate specified for the reference barrel of oil, 
and the split of the tax between the carbon and energy components, thus define the rates of tax 
to be levied on other energy products\

The rates of tax per unit of energy and per unit of carbon which would be applied to other energy 
products may be derived straightforwardly from data on the carbon content and energy content of 
the reference barrel of oil. At its full $10 per barrel level, the tax would consist of a tax of $5 on the 
carbon content of a barrel of oil, and $5 on the energy content. Rates per tonne of carbon and per 
terajoule of energy can then be derived as follows:

On the basis that a tonne of oil comprises 7.5 barrels of oil, and that a tonne of oil contains 0.85 
tonnes of carbon, a carbon tax rate of $5 per barrel would be equal to a tax rate of $44 per tonne 
of carbon. In turn, given the relative molecular weights of carbon (12) and carbon dioxide (12 4- 
2x16 = 44), and an assumption that ail the carbon contained in the oil is converted into carbon 
dioxide, the tax rate of $44 per tonne of carbon is equivalent to a tax rate of $12 per tonne of carbon 
dioxide.

Similarly, using a figure of 0.0457 terajouies (TJ) for the energy content of a tonne of oil, the $5 
per barrel energy-based component of the tax is equivalent to a tax of $821 per TJ.

How does the average level of the tax proposed by the European Commission compare with other 
carbon taxes which have been discussed and, in some cases, implemented? Here it is useful to 
consider the tax as a pure carbon tax, at a level equivalent to $88 per tonne of carbon, and to 
ignore the mixed carbon/energy structure of the EG proposal.

The proposed EC tax may be compared with the level of the carbon tax introduced in Sweden in 
1991, which was levied at the basic rate of Skr 0.25 ($0,042) per kg of carbon dioxide (although 
higher rates were levied on motor fuels). This is equivalent to some $154 per tonne of carbon. 
However, it should be noted that the tax was in part a simple renaming of existing energy taxes; 
the general energy tax was halved at the same time as the carbon tax was introduced; also, 
extensive exemptions for industry and other provisions mean that only a relatively small proportion 
of total energy consumption was taxed at rates as high as the basic rate. Subsequent modifications 
to the Swedish carbon tax have narrowed still further the categories of energy consumption subject 
to the tax; the carbon tax burden on industrial production is now very low indeed.

In addition, the EC tax may be compared with the levels of carbon tax which have been estimated 
would be required to achieve various given targets for carbon dioxide emissions reductions. lEA 
projections suggest that carbon dioxide emissions from energy sources may grow from 6 billion 
tonnes of carbon in 1990 to 9.1 billion tonnes by the year 2005, a rise of about 50 per cent; within 
the OECD area, emissions may rise by some 25 per cent from 2.7 billion tonnes in 1987 to 3.4 
billion tonnes in 2005. A number of countries in the OECD area, including Canada and Japan as 
well as the European Community, have adopted targets to stabilise emissions at 1990 levels by 
the year 2000, implying a cut of some 15 to 20 per cent compared to the uncontrolled baseline 
level in 2000. Looking further ahead, Cline (1992, page 288) projects that global carbon dioxide

1 In practice, as discussed in Chapter 5, it is likeiy that individual specific tax rates would have been set for a number of 
energy products, at a level corresponding to that defined here, but without reference to carbon or energy content in the 
iegal definition of the tax base. Also, the Commission proposal was unclear about the price level on which the figures of 
$10 per barrel would be based: in what year’s prices is the $3 per barrel figure defined, and how would inflation over the 
period 1993-2000 be treated?
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emissions could rise to some 14 billion tonnes of carbon by the year 2050 without new policy 
measures; maintaining emissions at the 1990 level of 6.7 billion tonnes (which would still result in 
a substantial increase in atmospheric concentrations of COg over current levels) would thus require 
a cut of some 50 per cent in 2050 compared to the no-policy baseline.

The scale of policy intervention required to meet a target of emissions stabilisation at 1990 levels 
by the year 2000 varies substantially between countries; in the UK, a combination of prolonged 
recession and a substantial switch of electricity generation towards gas-fired power stations may 
well mean that year 2000 emissions remain below 1990 levels with little further policy intervention. 
A further complication in assessing the carbon tax required to meet short-term emissions targets 
is the very limited amount of short-term flexibility in energy use in many industrial processes. As 
Ingham and Ulph (1990) show, the energy tax required to achieve a substantial reduction in energy 
use is much lower, the longer the time horizon over which adjustment to the tax can take place. 
With a short deadline, much of the reduction in energy use has to come from changes in energy 
use with existing capital stock, and is consequently costly. Over a longer time horizon, there is 
greater scope for change in energy use as existing capital equipment wears out and is replaced.

Nevertheless, it is clear that if taxes are to be used to achieve a sustained lower level of carbon 
dioxide emissions from 2000 onwards, rather than merely fortuitous attainment of the target in the 
year 2000 itself, they would need to be levied at levels which are of at least a similar order of 
magnitude to the EC proposals. Using the OECD ‘GREEN’ model, Burniaux ef a /(1991) estimate 
that a carbon tax averaging $215 per tonne of carbon across all countries ($308 per tonne in the 
OECD countries) would be needed to keep aggregate global emissions at 1990 levels over the 
period until the year 2020^.

To achieve longer-term targets for emissions reduction or for stabilisation of atmospheric 
concentrations of carbon dioxide, substantial carbon taxes would again be required, although their 
level will depend critically on the prices at which new sources of non-fossil fuels eventually become 
available. Thus, for example, Manne and Richels (1990) estimate that in order to reduce carbon 
dioxide emissions by the US to a long run level 20 per cent below current emissions, a long-run 
carbon tax of $250 per tonne of carbon would be needed^; over the first few decades of the policy 
the tax would have to be even higher, peaking at $400 in the year 2020. Other studies, including 
those of Edmonds and Reilly (1983), Nordhaus and Yohe (1983), and Jorgenson and Wilcoxen 
(1991), have suggested that carbon emissions might be more responsive to a carbon tax, and the 
required tax for any given emissions reduction therefore rather lower, than indicated by Manne 
and Richels. The estimates of Manne and Richels therefore perhaps lie towards the upper end of 
the likely range. Cline (1992) summarises the results of these four studies in terms of the marginal 
carbon tax required to achieve a one percentage point reduction in year 2050 emissions below 
their level in the absence of policy intervention; the marginal tax rates range from $5.9 per tonne 
of carbon (Manne and Richels), $4.9 (Edmonds and Reilly), $2.8 (Nordhaus and Yohe), to $1.2 
(Jorgenson and Wilcoxen).

Carbon tax rates on different fuels
Different fuels would have been taxed by the proposed European carbon/energy tax more or less 
heavily according to their carbon and energy content. The relative weight of the carbon content is 
shown in Figure 6, which sets out the carbon content per unit of energy for each of a range of 
different fuels. The carbon component of the EC tax would levy the highest tax per unit of energy 
on coal, and the lowest tax per unit of energy on natural gas. The tax on oil would lie broadly in 
the middle of the range.

2 The required carbon tax rates vary across regions because Burniaux et a/specify separate emissions reduction 
targets for each region; for the OECD area they require that emissions are reduced to 80 per cent of 1990 levels by the 
year 2010, and are then held constant, for China and some LDCs emissions are allowed to rise by 50 per cent by 2010 
and are then stabilised.
3 This figure is given by Manne and Richels’ assumption about the relative costs of non-fossil fuel and fossil fuel 
"backstop" technologies in the long run.
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Figure 6.

Carbon dioxide content per unit of energy of different fuels.
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Source: Commission of the European Communities, DG Ii.

A natural yardstick for assessing the reiative ievel of the tax on different fueis is the "ad valorem 
equivalent" of the carbon/energy tax; in other words, the amount of tax as a percentage of the 
price of each fuei. If the tax is fuily passed on in energy prices, then the ad valorem equivalent tax 
will show the percentage increase to be expected in the price of each individuai fuel; however, as 
discussed in the next section, the incidence of the tax is likely to be complex, and is not likely to 
fall entirely on fuel prices.

The ad vaiorem equivaient of the EC carbon/energy tax refiects the reiationship between the two 
taxed characteristics of each fuel, energy and carbon content, and the unit price. If before imposition 
of the carbon tax individuai fuels were priced in proportion to their energy content, then the ad 
vaiorem equivaient of the energy component of the tax would be constant across all fuels, and the 
ad valorem equivalent of the carbon component of the tax would be proportional to the relative 
carbon content figures shown in Figure 6. In practice, the pattern of the ad vaiorem equivaient tax 
rates is more compiex, because the price per unit of energy content of different energy products 
ai ready varies, refiecting differences in the "quaiity" of different energy products (some energy 
products command higher prices because they are more convenient or cleaner to use), and also 
differences in the burden of existing taxes on different energy products (motor fueis, especiaiiy 
petroi, are taxed more heaviiy than other energy products). In addition, the unit price of energy 
frequentiy varies widely across categories of consumer, refiecting the fixed costs (standing charges, 
etc), or discounts for buik supply to large consumers.
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The ad valorem equivalent of the EC carbon tax is thus likely to be higher on fuels which are of 
low quality and on fuels which are not currently taxed; other things being equal it is likely to be 
lower on fuels supplied to small consumers, and especially on fuels supplied to households
compared to larger-scale industrial users. These sources of variation underlie the pattern of
predicted changes in fuel prices set out in an Annex to the Commission’s 1991 communication 
and shown in Table 12. The ad valorem equivalent tax on energy supplied to industry would be 
higher than on energy supplied to households, reflecting the lower unit price of bulk purchases, 
whilst the ad valorem equivalent tax rates would be lower on motor fuels than on other energy, 
reflecting the much higher initial taxation of petrol and, to a lesser extent, diesel fuel.

Table 12.
Commission estimates of the percentage increase in fuei prices, based on a $10 per barrei 
carbon/energy tax, fuily passed on to the energy user.

Power stations and Industry

hard coal 58
heavy fuel oil 45
natural gas 34

Households

light fuel oil 16
natural gas 14

Transport

petrol 6
diesel 11

Source: Commission (1991), Annex 7

The figures in Table 12 are averages for the EC as a whole. In practice, ad valorem equivalent tax 
rates are likely to vary substantially between member states, reflecting the wide differences both 
in energy taxation and in pre-tax energy prices (sustainable due to the highly-regulated and 
non-competitive nature of large parts of the energy supply Industry in most member states).

In this chapter, which considers the impact of the carbon tax on the fuel expenditures of individual 
households, the carbon tax levels on different fuels have been translated Into equivalent ad valorem 
tax rates on the prices of individual fuels purchased by households in seven different EC countries. 
Tables 13 to 18 show the basis on which these estimates have been made. It has been assumed 
that the carbon tax is wholly incident on the price of energy products, an assumption which is 
discussed further in the next section.

The specific numerical assumptions made in the calculations about the energy content and carbon 
content of coal, domestic heating oil, gas and petrol supplied to domestic energy users are shown 
in Table 13, expressed in terms of the carbon and energy contents per (quantity) unit, and in terms 
of the carbon content per unit of energy. There are in most cases very minor differences between 
member states and within the same member state over time in the energy content per unit of these 
fuels supplied to domestic users; these have been ignored in the analysis.

A considerable proportion of household purchases of energy are made in the form of electricity. 
Electricity is a final fuel product which has involved substantial energy losses, of the order of some 
60 per cent on average, during generation. It is desirable that the energy losses during processing, 
and the carbon emissions associated with them, should be reflected in the carbon/energy tax levied 
on electricity, so as to ensure that households are not encouraged to purchase energy in the form 
of electricity rather than in other, less refined, forms.

As Chapter 5 has described, there are two, theoretically-equivalent ways in which this could be 
done. Either the carbon tax could be levied on fuel inputs to electricity generation. Alternatively, 
the inputs could be left untaxed, and carbon tax levied on the electricity produced, at a rate 
determined by the carbon tax that would have been levied on the fuel inputs to generation.
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Table 13.

Assumptions about the energy and carbon dioxide content per unit quantity of domestic 
energy and motor fuel in seven EC member states.

Units Carbon content: Energy content: Emission factor
tonnes COg per unit TJ per unit (tonnes CO 

TJ)
Coal tonne 2.41 0.0254 95

Domestic 
heating oil

1000 litres 2.69 0.0363 74

Gas 10" KCal 
GOV

2.26 0.0419 54

Petrol 1000 litres 2.44 0.0339 72

Sources: Energy content from International Energy Agency (1991), "Energy Prices and Taxes, Fourth Quarter 1990", Paris: 
OECD, pages 37-49; emission factors from EUROSTAT data (as in Figure 6); carbon content calculated on basis of energy 
content and emissions factors.

The pattern of electricity generation varies between member states, and consequently the rate at 
which the carbon/energy tax should be levied on electricity will differ. As Table 14 shows, about 
three quarters of electricity generated in France was generated by nuclear power stations in 1989, 
about one third in Germany and Spain, and a fifth in the UK. Two of the seven member states 
shown, Ireland and Italy, generated no nuclear power, and a third, the Netherlands, generated 
only about 5 per cent of electricity from nuclear sources. Hydro- and Geothermal electricity 
generation provided one fifth of all electricity in Italy and about one seventh in France and Spain, 
but negligible proportions in the Netherlands and the UK. There was also considerable variation 
in the fuels used by "conventional" fossil-fuel power stations: oil generated about half of all electricity 
in Italy, but was little used elsewhere, whilst gas power stations supplied more than half of the 
electricity generated in the Netherlands, and about one third in Ireland. Coal-fired power stations 
provided about two thirds of supply in the UK ,̂ and around half in Germany and Ireland.

Table 15 shows the basis on which estimates are made in this chapter of the level of the EC 
carbon/energy tax on electricity supplied to domestic consumers in different member states. It is 
assumed that each unit of electricity output would be taxed in proportion to the average input 
requirements of the electricity supply industry in the country as a whole; the taxation of electricity 
supplied to domestic consumers is assumed to be the same as the taxation of electricity to industrial 
consumers. The penultimate column of Table 15 shows the "conversion efficiency" of power 
generation in each country; the amount of output energy generated per unit of input energy. This 
averages around 0.45, showing the substantial energy losses during generation; conversion 
efficiency is higher in Italy, reflecting the high proportion of oil-fired plants which have relatively 
high conversion efficiency.

The final column of Table 15 shows emission factors (in terms of tonnes of carbon dioxide emitted 
per terajoule of energy supplied to energy users) which are comparable with those in the final 
column of Table 13. For electricity, these are substantially higher, in most cases, than the emission 
factors for other fuels, reflecting the emissions associated with the energy losses during generation. 
Thus, it can be seen that in comparison with a unit of energy in the form of domestic heating oil, 
which has an emissions factor of 74 tonnes of COg per TJ, electricity generated in the UK would 
have an emissions factor nearly three times as high.

4 The proportion of electricity generated by coal-fired power stations in the UK has been declining rapidly since 1989, as 
deregulation of electricity supply has encouraged an expansion of smaller-scale gas-fired power stations by new 
entrants to the industry, and the privatisation of the state-owned electricity generators has encouraged a rapid run-down 
of relatively high-cost existing capacity.
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However, there is wide variation in the carbon dioxide emissions factor between member states, 
refiecting the different mix of fueis used, and in particular the proportion of energy generated from 
non-fossii sources. The emissions factor for electricity generated in France is actually lower than 
the emissions factor for any of the fueis shown in Table 13, because of the high proportion of 
electricity generated from nuclear power, and the emissions factors for electricity are lower than 
the EC average in Spain and Germany, where a high proportion is also generated in the form of 
nuclear power. The emission factor for electricity is highest in countries such as Ireland and the 
UK where coal is heavily used for electricity generation.

Table 14.
Electricity production in EC member states, by source of energy used for generation, 1989.

percentages

Hydro and Nuclear Coal Oil Gas Other
Geo conven
thermal tional

Germany 4.6 34.3 47.7 2.5 9.9 1.0
Spain 13.8 38.6 39.9 6.0 1.3 0.3
France 13.0 74.5 7.8 2.6 1.6 0.5
Ireland 7.5 0 56.6 5.1 30.8 0
Italy 20.0 0 13.2 48.5 17.8 0.5
Netherlands 0.1 5.4 30.4 4.5 58.4 1.2
UK 2.2 21.7 65.3 9.6 1.1 0

Source: EUROSTAT (1991), Energy Statistical Yearbook 1989, pages 114-115. 

Note: Row totals do not necessarily add to 100 due to rounding.

Table 15.
Assumptions for caicuiating carbon tax on eiectricity in seven EC member states.

Carbon content: Energy content: Conversion Emission factor:
tonnes COg per input energy (TJ) efficiency: output total tonnes COg
1000 KWh per 1000 KWh energy per unit of per TJ output

input energy energy

Germany 0.61 0.0109 0.38 170
Spain 0.51 0.0103 0.40 140
France 0.12 0.0105 0.40 33
Ireland 0.84 0.0103 0.40 234
Italy 0.61 0.0082 0.50 169
Netherlands 0.68 0.0103 0.40 189
UK 0.76 0.0109 0.38 211

Sources: Data on fuel inputs to electricity generation and electricity generation outputs from EUROSTAT (1991), Energy 
Statistical Yearbook 1989, pages 108-112. Assumed carbon content of input fueis are coal, 95 tonnes 00% per TJ; gas, 
54 tonnes COg per TJ; oil, 75 tonnes 00% per TJ; nuclear, geothermal and hydro, nil. Calculations assume 15 per cent 
transmission losses to customers.
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Table 16 shows prices per unit of energy for coal, heating oil, gas, electricity and petrol supplied 
to domestic customers in the seven EC member states in 1985 and 1992. The table is based on 
national currency data for the prices of each fuel to domestic customers given in the quarterly 
International Energy Agency publication, "Energy Prices and Taxes". The prices given in this 
publication are average prices for the supply of the quantities typically purchased by households, 
and where appropriate include an apportionment of any standing charge or fixed cost; they thus 
do not necessarily measure the actual marginal cost of fuel use. The lEA’s published figures have 
been converted to a common currency basis, and have also been expressed in common units, as 
a price per terajoule, rather than for the various quantity units (KWh, tonne, litres, etc) used for 
different fuels.

Table 16
Prices of domestic energy and motor fuel in seven EC member states.

Germany Spain France Ireland Italy

1985, 1000 

NL

ECU per TJ 

UK

Coal 12.0 10 13.7 7.6 8.5 11.6 6.4
Heating oil 9.8 9.6 12.2 11.3 12.8 10.6 10.1
Gas 9.5 13.0 11.8 13.5 10.1 7.7 6.6
Electricity 30.0 31.4 31.9 32.5 32.2 32.1 24.6
Petrol 19.1 21.2 24.3 27.4 26.9 21.6 21.6

Germany Spain France Ireland Italy

1992, 1000 

NL

ECU per TJ 

UK

Coal 13.5 n.a. 11.8 9.7 n.a. n.a. 6.2
Heating oil 6.1 8.7 8.3 8.7 19.6 8.2 4.7
Gas 8.3 n.a. 9.2 9.3 14.2 7.1 6.4
Electricity 36.9 n.a. 33.1 30.1 39.2 26.1 26.8
Petrol 22.3 21.6 22.7 22.9 28.4 26.1 20.2

Sources: Calculated from national currency data in Internationai Energy Agency (1993), "Energy Prices and Taxes, First 
Quarter 1993", Paris: OECD. Conversion to TJ based on coefficients in Table 13; for electricity, 1000 KWh= 0.0036 TJ.

Note: Prices for household purchases of coal in Spain and italy were not available: the figures shown here for 1985 are 
estimates made for the purposes of the subsequent calculation of household carbon tax payments. For Spain a figure of 
10 (approximately the average of the other countries) is simply assumed; for Italy the figure of 8.5 has been estimated 
from the 1983 price, increased in line with the rise in price of steam coal to industry over 1983-5.

There Is substantial variation In the unit prices of the various fuels between countries, and in the 
price of the same fuel overtime. Thus, for example, in 1985, gas was supplied to domestic customers 
in the UK at less than half the price in Ireland, and at a price per terajoule roughly two thirds of the 
price of heating oil. In 1992, however, the gap between natural gas prices in the UK and Ireland 
had narrowed, whilst the relative price of gas and heating oil in the UK had been reversed, as 
sharply declining world oil prices fed through into the price of fuel supplied to domestic customers.

In the final step of calculating the carbon/energy tax that would be levied on each fuel In particular 
years, assumptions have to be made about how price level and exchange rate differences between 
years should be treated. The assumptions adopted here and throughout this chapter are that the 
$10 per barrel figure should be understood as in 1991 prices (the year of the initial proposal), when 
it would have been equivalent to ECU 8.07. In calculating the carbon tax rates equivalent to this 
in the price levels of other years, the 1991 ECU figure (rather than the 1991 figure in US dollars)
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has been taken as definitive, and has been deflated by the EC average Consumer Price Index®. 
National currency equivalents have then been calculated using the exchange rates relevant for 
the year in question. Thus, the 1991 tax of $10 per barrel Is assumed to be equivalent to the ECU 
tax rates per barrel, per tonne of carbon and per TJ of energy shown in Table 17.

Table 17.

Assumptions about the carbon and energy tax rates equivalent to a tax of $10 per barrel in 
1991 prices.

EC consumer Total tax, ECU Carbon Energy
price index, 
1985= 100

per barrel of oil component:
ECU per tonne 
CO2.

component: 
ECU perTJ

1992 135.4 8.47 10.19 695
1991 129.0 8.07 9.71 662
1990 123.0 7.69 9.26 631
1989 116.4 7.28 8.76 598
1988 110.7 6.93 8.33 568
1987 106.9 6.69 8.05 549
1986 103.5 6.47 7.79 531
1985 100.0 6.26 7.53 513

Sources and assumptions: EC Consumer Price Index from EUROSTAT Basic Statistics of the Community, 1992, Table 
2.43; 1991 ecu:US$ exchange rate, 1.23916; assumed carbon dioxide content of a barrel of oil, 0.4156 tonnes; assumed 
energy content of a barrel of oil, 0.006093 TJ.

Table 18 shows estimates for the ad valorem equivalent tax on energy supplied to domestic 
consumers in the seven member states, based on the data and assumptions set out in Tables 13 
to 17. Estimates are shown for two years, 1985 and 1992, and reflect the impact of the proposed 
EC carbon/energy tax at its full level of $10 per barrel.

The variation in prices across countries leads to corresponding variation in the ad valorem 
equivalent of the EC carbon/energy tax on each fuel. As observed earlier, the EC tax is likely to 
be much smaller as a percentage of price on petrol, which is already taxed heavily, than on supplies 
of domestic energy; on petrol the tax would have averaged about 6.2 per cent in 1992, whilst the 
tax would almost always have been over 10 per cent, and in some member states over 20 per 
cent, on household purchases of coal, gas and oil. For Individual fuels, there Is substantial variation 
across countries in the ad valorem equivalent tax rates; domestic heating oil would be taxed at an 
ad valorem rate of some 31 per cent In the UK, some four times the corresponding figure in Italy, 
whilst the ad valorem equivalent tax rates on electricity would range from 7.1 per cent in France 
to about 15 per cent in Ireland, the Netherlands and the UK.

The ad valorem equivalent tax rates to the EC carbon tax on different domestic fuels also vary 
widely across time, reflecting the changes in unit prices shown in Table 16. As Table 18 shows, 
ad valorem equivalent tax rates on most forms of domestic energy tended to be higher in 1992 
than in 1985; the difference is particularly marked in the case of heating oil.

5 There is no "right" answer to the choice of deflation procedure. The approach adopted here has been chosen to avoid 
the carbon tax level in ECU in different years varying wideiy due to changes in the dollarzECU exchange rate; this 
assumption may be justified on the grounds that the main determinant o f the level of the tax is the political feasibility 
within the EC of a  tax burden of a given level. The alternative approach, which could have been adopted, of 
denominating the EC tax in US dollars might be defended on the grounds that energy prices are denominated in doliars, 
and denominating the tax in dollars avoids the percentage burden of the tax on energy in different years being affected 
by fluctuations in the doliarzECU exchange rate. This argument is perhaps not as persuasive as it appears at first sight; 
aithough energy prices are denominated in dollars, they are - over a period of time at least - determined by supply and 
demand in the world energy market, and fluctuations in the dollar exchange rate relative to other currencies would, in 
due course, be likely to be offset by changes in the dollar price at which energy is traded.
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Table 18
The EC Carbon Tax: Equivalent ad valorem tax rates on domestic energy and motor fuei in 
seven EC member states.

percentages of carbon-tax-exclusive price, 1985 price basis

Germany Spain France Ireland Italy NL UK

Coal 10.2 12.3 9.0 16.1 14.4 10.6 19.3
Heating oil 10.9 11.2 8.8 9.5 8.4 10.1 10.6
Gas 9.7 7.1 7.8 6.8 9.1 11.9 14.0
Eiectricity 9.4 8.1 5.5 9.9 7.6 9.0 12.8
Petrol 5.5 5.0 4.3 3.9 3.9 4.9 4.9

percentages of carbon-tax-exclusive price, 1992 price basis

Germany Spain France Ireland Italy NL UK

Coal 12.3 - 14.1 17.1 - - 26.7
Heating oil 23.7 16.7 17.4 16.6 7.4 17.8 30.9
Gas 15.0 - 13.5 13.3 8.8 17.6 19.5
Eiectricity 10.4 - 7.1 14.5 8.4 15.0 15.9
Petrol 6.4 6.6 6.3 6.2 5.0 5.5 7.1

Sources: Calculated from prices in Table 16, assuming carbon and energy content as in Tables 13 and 15. The 1985 
figures for coal in Spain and itaiy are based on the assumptions detailed in footnote to Table 16.

It is likely that the wide range of ad vaiorem equivaient tax rates to the proposed EC tax which 
have been quoted in public discussion of the proposals can be explained by the wide range evident 
in the tax rates shown in Table 18, both over time and across countries.

The calculations in this chapter of the distributional impact of the EC carbon/energy tax in EC 
member states use Eurostat data for househoid expenditures in 1985, and have consequently 
been made on the basis of 1985 prices. Whilst the data shown in Table 18 might suggest that 
using 1985 ad vaiorem equivaient tax rates would substantially overstate the impact of the EC tax, 
the analysis in this chapter proceeds from data on household energy expenditures, rather than 
consumption volumes, and using 1985 ad vaiorem equivaient tax rates thus effectively recovers 
the tax base quantities which underlie the expenditure figures.

The effect on fuel prices
As noted above, the estimates of distributional incidence have assumed that the European 
carbon/energy tax would be wholly incident on the prices of different energy products. This section 
briefly reviews the question of the incidence on energy prices in general, and then sets out some 
more specific issues concerning the incidence of the carbon tax on eiectricity prices.

(a) Incidence in general

How far is the price of energy in the EC likely to rise as a result of the imposition of the proposed 
carbon/energy tax? Would the prices of energy products in the EC be likely to rise by the amount 
of the tax, or by more, or by less?
Conventional partial equilibrium analysis of the incidence of an excise tax on a single commodity 
(Kotiikoff and Summers, 1987) suggests that a general tax on aii forms of energy, imposed globally, 
would be incident partly on the consumers of energy, through higher after-tax prices for energy, 
but would also be incident partly on energy producers (particularly the owners of energy resources), 
through lower pre-tax prices for energy. The balance between the two effects would depend on
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the relative elasticities of energy supply and demand; the more Inelastic Is energy supply, and the 
more elastic Is energy demand, the more of the tax will be Incident on energy producers rather 
than consumers.

In the case of the proposed EC carbon tax. Incidence Is likely to be complicated by three further 
considerations - the Impact of substitution responses to the differential taxation of different energy 
products, the Impact of locational substitution In circumstances where the tax Is Imposed by some 
countries but not by others, and general equilibrium effects not reflected In the simple partial 
equilibrium framework.

Thus, for example, by comparison with an energy tax Imposed on all fuels, a carbon tax would 
encourage substitution between fuels; fuels taxed less heavily, or not taxed at all, by the carbon 
tax would tend to experience a rise In demand, and fuels taxed more heavily would tend to 
experience reduced demand. These substitution responses will tend to "even out" the price effects 
resulting from the differential Increase In taxation.

Also, the Impact of a carbon tax on the prices of energy products In the EC will reflect the International 
context within which the tax Is applied; a carbon tax Imposed unilaterally by the EC would be 
expected to have very different effects to a global carbon tax Imposed on a coordinated basis In 
all countries. Locational displacement of energy-usIng activities - or "leakage" - In response to the 
Imposition of the tax by a subgroup of countries would generally tend to reduce the Increase In the 
price of energy In the region Imposing the tax below the full level of the tax, because It would 
Increase the elasticity of energy demand.

(b) Incidence on electricity prices.

Particular Issues arise regarding the Impact of the carbon tax on the price of electricity. Levying 
the carbon tax on electricity at the rates shown In the previous section does not necessarily Imply 
that electricity prices In the different countries would rise by the level of the additional tax, or that 
electricity prices would rise by the same amount for all classes of customer. There are three main 
Issues.

First, a distinction should be drawn between the average and marginal units of electricity generated. 
The carbon/energy tax on electricity shown In Table 18 Is, In effect, calculated on the basis of the 
fuel mix used to generate electricity on average; the total carbon and energy content of Inputs Is 
divided by the total electricity output to determine the amount of carbon/energy tax per unit of 
electricity supplied. On the other hand, pricing of electricity outputs may be more likely to reflect 
the fuel mix used to generate electricity at the margin; In other words, the additional fuel used to 
generate one additional unit of electricity output. The marginal fuel mix In electricity generation will 
determine the additional carbon/energy tax paid In respect of one additional unit of electricity 
generated.

Thus, for example. In a country where all available opportunities for hydro-electric power generation 
have already been exploited, additional demand for electricity will have to be supplied from other 
sources. If the electricity Industry prices the additional output at Its additional cost, then the absence 
of carbon tax on Intra-marglnal units generated by hydro-electric power stations would not affect 
the price of electricity charged to customers. Instead, the absence of carbon tax on the units 
generated by hydro-electric plants would simply accrue as a rent to the electricity producers 
operating these plants.

It should be noted that the concept of "marginal" fuel used here Is somewhat different to that usually 
employed In discussing pricing of utilities outputs. The relevant marginal fuel for considering the 
Impact of the carbon tax Is the fuel which would be used If capacity was expanded to supply 
additional long-run demand. This capacity may or may not also constitute marginal capacity on an 
hour-by-hour basis. In other words, the power stations used to meet peak loads, but not used 
during off-peak periods. The carbon tax may change the "merit order" of power stations used to 
determine which stations should be used to supply the base load, and which should be operated 
only at peak periods; the changed merit order may. In turn, affect the relative discount that should 
be applied to off-peak supply relative to peak supply. However, the marginal power station, and 
marginal Input fuel. In this hour-by-hour sense Is a different Issue to the question of the fuel used 
for Increasing generation capacity In the long-run.
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Second, the analysis underlying Table 18 has assumed that domestic and industrial users of 
electricity will be supplied on the same basis. However, just as it may be inappropriate to assume 
that marginal electricity supply will be based on the average pattern of fuel use, so It may also be 
inappropriate to assume that the same fuel will count as marginal supply to domestic and 
non-domestic customers. In particular, if it is not possible to operate an optimal scheme of peak-load 
pricing, industrial users of electricity with a steady demand may be supplied with electricity on 
different terms to domestic users with fluctuating demand, placing greater demands on peak 
capacity. It may then be appropriate for the eiectricity supplied to these two different classes of 
user to reflect the carbon tax paid on the respective different types of (marginal) generation 
capacity®.

Thirdly, much will depend on the structure of the electricity supply Industry, and in particular on 
the extent to which there is a common market across the Community for electricity supply. Table 
18 assumes that electricity is supplied to national markets by national electricity generators, and 
that the pattern of fueis used in national generation will determine the extent to which the carbon 
tax increases electricity prices in each national market. If each national market Is closed to outside 
suppliers then this is an appropriate assumption (although, as noted above. It may be more 
appropriate to look at the pattern of fuels used in generation at the margin rather than on average). 
Member states where (marginal) electricity is generated from carbon-intensive inputs will then face 
a greater increase in eiectricity prices than those where (marginal) electricity is generated from 
nuclear power or other low-carbon sources.

However, If It is possible for generators in one member state to supply consumers In another 
member state, then the relevant marginal fuels are no longer those of the generators within a 
member state, but couid include generators in other member states. With a compieteiy free trade 
in electricity, electricity would be priced at the same level in aii member states, and the impact of 
the carbon tax on prices would be given by the marginai generation capacity with the iowest price 
inclusive of the carbon tax.

These issues are of particuiar relevance in considering the likely Impact of the carbon tax on the 
price of electricity in France, where a much higher proportion of electricity is generated from nuclear 
sources than In other member states. Is this likely to mean that electricity prices wiil rise by less 
In France than in other member states? The possibility that a carbon tax could confer a competitive 
advantage on industrial consumers of electricity in France has been much debated, and appears 
to have been a reason for the 50% energy component in the tax base under the Commission’s 
proposals.
Whether the carbon tax should be expected to confer this benefit is, however, unclear. Much will 
depend on the Identification of the marginal fuel used for electricity generation for each ciass of 
electricity consumer, and on the degree of competition in the electricity market. If nuclear power 
constitutes the marginal source of electricity generation in France, and nuclear power plants can 
be freely constructed by a number of potential entrants, then electricity prices in France might rise 
by the relatively small amount of the carbon tax levied on nuclear generated electricity. However, 
if French eiectricity can be traded across frontiers, then the availabiiity of low-tax nuciear-generated 
electricity from France would tend to depress electricity prices in other member states where all 
domestic electricity is generated from non-nuclear sources. On the other hand, if some other fuel 
constitutes the marginal source of electricity generation in France (for example because public 
opposition prevents further nuclear plants being constructed) then electricity prices might be 
expected to rise by an amount reflecting the tax burden on eiectricity generated using the marginal 
fuel, and owners of the existing nuclear power stations would simply enjoy substantial rents.

All of the above discussion is, of course, greatiy complicated by the absence of a competitive 
market for eiectricity supply, and by the rules by which national electricity supply industries are 
regulated. The extent to which the tax would be passed on in electricity prices by a profit-maximising 
monopoiy electricity producer will differ from the proportion passed on in a competitive market; a 
nationalised industry pursuing objectives other than profit maximisation may also respond

6 Again, the relevant sense of "marginal" relates to the expansion of generation capacity; here the Issue Is whether 
different fuels might be used to expand capacity to supply peak demands and to supply baseload or off-peak demands.
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differently to the tax. Similarly, a regulated industry may face incentives regarding both pricing and 
capacity expansion which differ from those which would face firms in a competitive market, and 
may consequently respond differently in pricing its output after imposition of a carbon tax.
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7. Distributional Aspects ofHousehoid Water Charges.

Introduction

In the past, charges for water and sewerage services have generally formed a relatively small and 
stable proportion of total household income - on average around 1 per cent - and the incidence of 
these charges on households rarely provoked much discussion. This situation has changed, 
however, as charges have substantially increased since the mid 1980s, a rise which has coincided 
with the politically-controversial privatisation of the water utilities in 1989. In 1987-88, the average 
household charge in England and Wales was £97.67 but by 1991 -92 this figure had risen to £155.67, 
a real increase of 22 per cent. Increases in the average level of charges are, moreover, likely to 
continue, as water customers are required to bear the costs of infrastructure renewal, and of 
expenditures required to meet tighter standards for environmental quality.

Continued controversy over the level and structure of domestic water charges is to be expected 
as water companies look for an alternative to the existing system of charges, which is based largely 
on rateable values. The 1989 Water Act prohibits the continued use of rateable values for levying 
water charges after the end of the century. The switch which will therefore have to take place to 
a new system of charges is likely to only amplify public awareness of water charges, and of the 
distributional effects of water charging policy.

This paper examines the distributional aspects of household water charges and models the impact 
of a switch to several new charging schemes. Section 1 describes the current system of charges 
in England and Wales. Section 2 considers two aspects of efficiency relevant to the choice of water 
charging systems - allocative and administrative efficiency. In Section 3 estimates are presented 
of the distribution of water charges across households under a number of the charging schemes 
that have been suggested as possible successors to water rates, and the distributional implications 
of a switch from the current system to each of these proposals are analysed. Section 4 considers 
the role that distributional considerations should play in water pricing policy. Finally, Section 5 
draws some brief conclusions.

1 The policy context in England and Wales

The overwhelming majority of households in England and Wales - some 95 per cent - pay for 
supplies of water and for sewerage services through water and sewerage rates. Payments for 
these services are thus made on a basis which relates the amount each household pays to the 
"rateable value" of the property occupied^ - in other words, to the tax base used for the system of 
domestic rates, the local government taxes levied until the introduction of the poll tax in 1990. 
Where rateable values are not available (for example, in the case of houses built since the abolition 
of the domestic rating system for local taxation), a variety of charging schemes are used, including

1 Rateable value Is defined as the Imputed market rental value of domestic properties; the values in use are based on 
the 1973 revaluation. The average rateable value of domestic properties in England is about £200.
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flat-rate charges, charges related to certain property characteristics, or water metering. Metered 
charges may also be levied at the householder’s request. Overall, some 2 per cent of households 
pay for water on the basis of metering.

in most cases, water and sewerage charges based on rateable value have two parts, a fixed 
standing charge, which is the same for all households served by a particular water company, and 
a variable element for which the charging base is rateable value. Both the level and structure of 
water charges varies widely between different water companies. Table 1 shows standing charges 
and rate poundages for 1991/92 for water and sewerage services provided by the ten large 
companies which provide both water and sewerage services in England and Wales. These 
companies together provide water supplies to some three quarters of all households; the remainder 
are covered by a larger number of water-only companies. The average domestic water and 
sewerage charge ranges from £131 to £204 across the ten companies. The proportion of this 
charge accounted for by the part based on rateable values is generally about 75 per cent, but one 
company levies only about one third of the total charge in the form of the rateable value element, 
whilst for another this element constitutes 100 per cent of the charge levied.

Table 1

Unmeasured Water Supply and Sewerage Services Charges, 1991/92

Company Standing Charge, 
Water & 

Sewerage 
(per annum)

Rate Poundage, 
Water & 

Sewerage 
(pence)

Average 
domestic bill 
(per annum)

Rateable 
value-based 
share of average 
bill (percentage)

Anglian £52.10 74.81 £204 75 %
Welsh £122.70 58.47 £195 37%
South West £52.00 81.10 £192 73%
Wessex £35.00 74.20 £176 80%
Southern £38.00 58.90 £163 77%
Yorkshire £39.00 82.60 £154 75%
North West £24.10 67.60 £143 83%
Northumbrian £54.00 55.90 £142 62%
Severn Trent None 68.65* £138 100%
Thames £33.00 37.49* £131 75%

Note: rate poundages for Severn Trent and Thames are averages for the company area.

Source: CRI (1991), The UK Water industry. Charges for Water Services 1991/92, Tables 3.1 - 3.4
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Changes to the way in which households are charged for water and sewerage services are 
inevitable over the next decade. As a result of the 1988 Local Government Finance Act, domestic 
rates in Engiand and Wales were abolished as the basis for iocal taxation, and arrangements for 
maintaining and updating the register of domestic rateable values discontinued. New domestic 
properties built after 1 April 1990 do not have rateable values. Furthermore, the use of rateable 
values for water and sewerage charges after the year 2000 has been explicitly prohibited in iaw; 
although water companies are being given the responsibiiity for choosing an appropriate basis for 
charging domestic customers, the government appears to have taken the view that they should 
not be allowed to continue with a charging base derived from an obsoiete system of iocal 
government finance. Water companies are therefore compeiied to iook for some alternative method 
of charging domestic customers.

The repiacement for water rates couid be an alternative unmetered charge, based on characteristics 
of the household (or even simply a lump sum per household). Alternatively, it would be possible 
to charge for water on the basis of water metering. The possibie advantages and disadvantages 
of charging for water on the basis of metered consumption are set out clearly in OECD (1987). 
The Office For Water Services (OFWAT), the economic reguiator for the water industry, has 
advocated greater use of water metering. Seiective metering of properties is being encouraged, 
where the costs of metering are justified by the savings in water suppiy costs (OFWAT, 1991). 
However, as the instaliation of water meters in some properties wouid be very costiy, metering is 
unlikeiy to be feasible as a complete replacement for water and sewerage rates. A non-metered 
substitute for water rates is still therefore required, and a number of aiternatives have been 
suggested inciuding a flat rate licence fee, charges based on house types, current property values 
and the number of people per household,

2 Efficiency issues and water charging

This section discusses two aspects of efficiency relevant in designing a system of water charges. 
One is "pricing efficiency" - the extent to which water charges provide appropriate incentives for 
water customers to change their use of scarce water resources. The second, and equally important, 
is efficiency in administration - minimising the deadweight costs of assessing, collecting and 
enforcing household water charges. The two aspects of efficiency arise in the case of all public 
pricing and taxation questions. Here, however, they have a particular interaction with questions of 
the distributional burden of water charges; how non-metered water charges are distributed across 
households may have an important role in promoting efficiency, in circumstances where households 
have the option of paying charges based on metered consumption.

2.1 Pricing Efficiency

Allocative (or pricing) efficiency in the water industry will be promoted where customers face a 
price for marginal water use which equals the marginal cost of water supply. The current basis of 
charging for water does not promote efficiency of this form; at the margin, consumers charged for 
water on the basis of rateable value pay a zero price for water use, and water is consequently
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liable to be used well beyond the point at which its value to water consumers warrants the resource 
costs of water supply. Similarly, any other system of water charging based on household 
characteristics would face households with a zero price for marginal water use. A system of water 
charging based on water metering would, in contrast, face consumers with a positive price for each 
unit of water used, discouraging consumption in situations where the value to the consumer was 
less than the price. If the price charged for water was equal to the costs of water supply at the 
margin, consumers would then be discouraged from using water where its value to them was less 
than the resource cost of supplying water.

There are in practise a number of difficulties in implementing marginal cost pricing in the water 
industry. First, water is supplied to a number of different groups of customers using common 
facilities; the substantial element of joint production involved makes it difficult in practice to 
determine how much of the costs of water supply should be attributed to household customers. 
Second, marginal costs vary, both across time and between areas; there may be substantial political 
difficulties in appropriately differentiating charges according to the relative costs of supplying 
different households. Third, the large element of capital in the costs of water supply means that 
marginal costs have to be based on a large amount of judgement about depreciation rates, and 
the consequent amounts that should be raised from current prices to reflect the needs for 
infrastructure maintenance and renewal. Fourth, there are a number of externalities which should 
be reflected in socially-optimal levels of water charges, including the public health benefit from a 
certain level of individual water consumption (for washing, sewage disposal, etc). Fifth, whilst in a 
competitive industry, market pressures might tend to lead to pricing policies close to marginal cost, 
in a natural monopoly such as the water industry marginal cost pricing could only be enforced 
through public regulation, which may operate with a very limited information base.

Taken together, these various reasons might explain the choice of a relatively simple yardstick 
such as commercial profitability in preference to marginal cost pricing as the basis for regulating 
the water industry in the UK. In this situation, whilst charges for metered water consumption might 
no longer reflect the precise cost of water supply, charging for water might nonetheless improve 
efficiency in water consumption, so long as the unit prices that the water companies would set did 
not deviate too far from the correct marginal costs.

2.2 Efficiency in administration

The second aspect of efficiency relevant in choosing from the range of possible bases for water 
charging is administrative efficiency. Costs of administration and compliance constitute deadweight 
costs of the system of water charges. Other things being equal, a system of water charging with 
low administration and compliance costs should be preferred to one with higher costs. Moreover, 
the level of administration and compliance costs will be relevant in choosing whether to adopt a 
system of water charges which promotes pricing efficiency, or whether to choose instead to levy 
water charges on a quasi-tax basis (as under the present system of water rates). If greater pricing
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efficiency can only be achieved at the cost of greater administrative complexity and cost, the choice 
of charging basis will then have to weigh up the benefits of pricing efficiency against the deadweight 
losses associated with more costly administration.

Generally, simplicity will be an important determinant of the relative costs of administration and 
compliance for different systems of water charges. Where the charging base is unambiguous and 
easily observed, the costs both of obtaining information about the charging base, and of errors 
and disputes about charging, will tend to be minimised. For example, where water companies are 
able to use an existing charging base, costs will be considerably lower than where they have to 
obtain from individual households the information required to operate the charge. This has been 
a strong attraction of the existing water charges based on rateable value; the register of rateable 
values established to operate the system of domestic rates has provided an immediate and 
definitive basis for levying water charges. Similarly, using the valuation bands for the new Council 
Tax would tend to be relatively inexpensive.

On the other hand, obtaining new information on household characteristics, and verifying its 
accuracy, will tend to be much more costly. Thus, levying a tax based on the characteristics of the 
property (terraced, detached, etc) requires the water companies to compile a new register of this 
information, since there is no existing source from which it can be derived. Such property 
characteristics are, in the main, unambiguous and relatively easily verified. On the other hand, 
charging for water according to the number of members of a household would be a much more 
costly base. The experience of operating the Community Charge (the poll tax) has shown how 
difficult and costly It Is to obtain up-to-date and accurate information on the number of occupants 
of a house; there are ambiguities in definition (for example regarding visitors, temporary absences, 
and mid-year moves), and the information needed to verify the accuracy of the numbers reported 
by households is almost impossible to obtain. Thus, although charges according to the number of 
household members would have been cheap to operate if the Community Charge had continued 
(since water companies could have made use of the Community Charge register), now that the 
Community Charge has been abolished, the costs of charging according to the number of 
individuals would become much higher - and most likely prohibitive.

Although in terms of pricing efficiency, charges based on water metering have clear advantages 
over the various unmeasured charging bases (the licence fee, or charges banded according to 
household characteristics), metering is likely to be costly to operate. The gain from pricing efficiency 
would therefore need to be weighed up against the deadweight losses from operating the system 
of water use measurement. Universal metering is unlikely to be warranted by the efficiency gains, 
at least in the immediate future, since the installation of meters in many existing properties will 
tend to be costly. On the other hand, the costs of some metering may be warranted by the efficiency 
gains; in particular, metering households with high discretionary water consumption (eg on watering 
gardens) could produce significant savings in water supply costs through the behavioural changes 
induced by metered charging. The problem is howto identify which households should be metered.
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In a system of partial, selective metering, the optimal pattern of metering wiil be one where 
households are metered if the savings from metering are greater than the cost of meter instaliation 
and operation. Where seiective metering is introduced on a voiuntary basis, so that households 
have the right to choose to be charged on the basis of metered consumption, it is important that 
the financial incentives faced by households encourage the right households to volunteer for 
metering. One aspect of this is that the charges levied for the installation and operation of the 
meter should not exceed the costs of metering. Another important consideration is the structure 
of the non-metered charge; this should not encourage households to volunteer for metering, simpiy 
because they face a high burden of charges under the non-metered existing system. In designing 
the structure of financial incentives to ensure the optimai voluntary take-up of metering, a 
non-metered charge that is based on some characteristic that proxies water consumption can have 
a important role.

Non-metered charges that lead to the same pattern of household payments that would have 
occurred if charged on the basis of their current level of consumption wiii encourage the efficient 
pattern of take-up of metering. If households are paying unmeasured charges which correspond 
to the level of charges they would pay if metered and charged on the basis of their current 
consumption, then they will only switch to water metering if they beiieve that they couid reduce 
their water consumption by enough to justify the costs of instaiiing and operating a meter. Other 
systems of non-measured charges which do not approximate the payments which households 
would make if charged for their consumption, will tend to encourage some inefficient metering 
take-up by households whose non-metered charge is high reiative to current consumption, and 
aiso an equally inefficient failure to adopt metering by households which would reduce their 
consumption if metered, but which pay very iow non-metered charges. A non-metered charge 
which "proxies" current water consumption in this way may thus have an important role in ensuring 
administrative efficiency in a system of selective, voiuntary, water metering. In the analysis of the 
distributional implications of various charging options, one of the issues considered in evaluating 
the various possible non-metered bases for charging is the extent to which they are iikelyto promote 
efficient decisions where households can choose to be charged on the basis of metered water 
use.

3 Distributional effects of various options

In this section of the paper the distributional implications are considered of introducing five possible 
replacements for the existing rateable value-based water and sewerage charges in England and 
Wales. The replacements considered are first, a flat rate licence fee appiied to all households, 
second, charges based on universal metering, and third, three possible systems of charges based 
on household or house characteristics - charges based on dwelling type, the number of occupants, 
and property values.
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The analysis is based on households in England and Wales covered by the Family Expenditure 
Survey (FES). This is a representative sample of UK households, covering approximately 7,000 
households each year, which contains detailed information on household characteristics, 
expenditures and incomes.

The analysis has been based on data for the FES households surveyed in England and Wales in 
the 1984-5 financial year. Although some more recent years of the survey are available, the later 
years of the FES after 1985 do not contain information on the type of dwelling occupied by 
households and it would therefore not have been possible to model one of the options under 
consideration, a water charge banded by house type. The income distribution changes slowly, and 
using data for 1984-5 is not a severe limitation in an analysis which aims to reflect the current 
position. All of the income and expenditure variables have been uprated or indexed so that they 
reflect those in 1991 -92, and the actual levels of water and sewerage charges for 1991 -92 have 
been imposed for each household in the data sample.

Estimates for property values and for water consumption were added to the data set for every 
household in the sample, based on reduced-form regression equations estimated using other data 
sets. The variables used in estimating the reduced form models were confined to those common 
to both the FES and the external data set, so that the reduced form equations could then be used 
to predict property values and water consumption for each household in the FES.

The model of house prices used to impute capital values is drawn from Giles and Ridge (1993). 
This was estimated on the Department of Employment’s 5 per cent Sample of Building Society 
Mortgages. Data from the last quarter of 1987 and from 1988 was used, giving a sample size of 
about 13,000 observations. The equation related the log of the sale price to the number of rooms 
(in logs), domestic rateable value (in logs), dummies for dwelling type and the possession of a 
garage, standard UK regions, and quarters. Predictions were then uprated to 1991 levels on the 
basis of regional house price trends. The average predicted house price in England and Wales in 
the FES sample was approximately £60,000.

The estimates of the water consumption of each household in the FES used in this study are based 
on the reduced form employed by Pearson, Rajah and Smith (1993). This equation was estimated 
on metered consumption data and other household characteristics information from the Severn 
Trent Domestic Water Consumption Monitor, a survey of the water consumption of some 1500 
volunteer households supplied by the Severn Trent company. The equation was estimated on a 
sample of some 3800 observations over the period 1988 - 1990. The model, estimated using 
Ordinary Least Squares, related the log of annual water consumption (in litres), to 24 explanatory 
variables common to the Monitor and the FES, including the number of household members (in 
logs), domestic rateable value (in logs), the type of house, tenure type, age and job-status of the 
head of household, and the household’s possession of water-using durables. Average predicted 
consumption across the households in the FES was some 127 thousand litres per annum.
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In comparing the different charging schemes, it has been assumed that each water company wouid 
continue to raise the same total revenue from domestic water charges as under the present 
rateabie-vaiue based system of charges; revenue neutrality is thus assumed with respect to the 
system of charges.

it has aiso been assumed that the existing two part tariff structure of charges, based on a lump 
sum standing charge and an element which varies across households, wouid continue to apply 
under each of the aiternatives. The standing charge element has been assumed to continue at its 
current level, and the different charging systems to apply only to the element currently related to 
rateable values. Different assumptions about this could of course equally well have been adopted, 
and changes in the standing charge element would be liable to have a considerable influence on 
the results. The assumption made here has the merit that it separates the discussion of the 
distributional effects of different charging systems from the question of the distributional effects of 
changes in the level of the standing charge. The distributional implications of increasing or reducing 
the standing charge element may be gauged from the results for the licence fee option, which may 
be seen as the introduction of a 100 per cent standing charge in place of the second element of 
the existing charging system.

3.1 The Licence Fee

Under this method of water charging, all households served by a water company would pay the 
same charge. Charges would vary between water companies reflecting the difference in their costs, 
but within each area the licence would be uniform. Within the FES sample the average annual 
combined water and sewerage licence fee in 1991/92 in England and Wales would have been 
£153.

The distributional impact of moving to a flat-rate licence fee Is immediately apparent from Figure 
1, which shows average water rates payments under the existing system by households in different 
income groups, and the corresponding licence fee .̂ Across income groups the level of water rates 
rises steadily, although relatively slowly. The average payment of the poorest ten per cent of the 
population was about £126, whilst the average water rates payment of the richest ten per cent was 
some £195. A flat rate licence fee would, in contrast, be a broadly constant cash amount across 
the income distribution. Although the averages for each decile vary slightly, reflecting the variation 
in water charge levels across water company areas, the average licence fee payment for each 
decile would have been within the narrow range £149 to £155 in 1991/92.

The pattern of water rates across income groups reflects the pattern of rateable values, and the 
organisation of the water industry.

2 Throughout the analysis households are classified to income groups on the basis of equivalent Incomes - that is, on 
the basis of incomes adjusted for the numbers of members of the household, and their ages. Using equivalent incomes 
to classify households takes account of the fact a  given total income may have different implications for the household's 
standard of living, depending on the number of individuals which the Income has to support. The adjustment factors 
used are the widely-used McClements equivalence scales (McClements, 1977).
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Figure 1

Water charges based on rateable value, and a household licence fee - average annual 
household payments by income group (England and Wales, 1991/92)
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Rateable values tend to be higher, on average, amongst better-off households, although the 
relationship between household incomes and rateable values is relatively weak. Rateable value 
rises less than proportionately with household income, and rateable value is affected by many 
other factors besides household income.

Rateable values also vary across the country, reflecting the differences in property values. However, 
the implications of this for water charges are very different to its implications for local taxation. 
When domestic rates were abolished, there was a major geographical redistribution of the local 
tax burden; however the abolition of water rates is not likely to lead to a corresponding geographical 
redistribution of the level of water charges.

The reason for this difference between the two cases is as follows: In the case of local taxation, 
regional differences in rateable values were translated into differences in the average level of local 
taxes in different regions, with average domestic rates bills much higher in the south of the country 
than in the north. This situation arose because the system of central government grants to local 
authorities under the rating system acted to neutralise the effects on local authorities’ tax base of 
differences in the average value of properties, so that a uniform tax rate could be levied for a 
uniform standard of spending in all authorities. Abolition of domestic rates in favour of a tax unrelated 
to property values led to a large regional redistribution of local tax payments, with local taxes rising 
particularly sharply in the north of England. In the case of water charges, however, this effect would 
not operate; the water companies charge the level of water rates required to cover their costs, and 
rateable value thus simply acts to divide the burden of paying for the water company between the
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Figure 2

Water charges as a proportion of household income: revenue-neutral comparison of
water rates and a licence fee.
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customers of that area. If average rateable values in a water company’s area are low, the poundage 
levied is correspondingly high, and the average bill is unaffected. This means that a shift away 
from water rates to a charging base unrelated to property values will have a less uneven impact 
across regions, and consequently across income groups than in the case of similar changes to 
local taxation.

Although water rates payments rise with household income, they rise less than proportionately 
with income, and the proportion of household income taken in water rates thus falls as household 
incomes rise. For the poorest ten per cent of the population, water and sewerage rates constitute 
approximately 3 per cent of household income whereas for the richest ten per cent of households 
the equivalent figure is about 0.4 per cent. As Figure 2 shows, both water rates and a licence fee 
have a regressive distributional impact on household incomes, meaning that the proportion of 
household income paid in water charges falls as household income rises. A switch from water 
rates to a licence fee would increase the regressivity of water charges, although the effect is 
relatively small; households in the poorest decile would pay on average about £24 per annum 
more in water charges, increasing the proportion of income taken in water charges to some 3.7 
per cent. At the upper end of the income distribution, slightly larger sums are involved; the richest 
decile would gain approximately £45 per annum on average, reducing the proportion of income 
taken in water charges to 0.3 per cent.
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Figure 3

Pattern of household gains and losses by household type from a revenue-neutral switch
from water rates to a licence fee.
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Figure 3 summarises the pattern of "gainers" and "losers" by household type from a revenue neutral 
switch to a licence fee. The figure shows the proportion of households in each category that would 
either gain or lose and, the average amounts of the gains and losses. The households that would 
lose the most from a shift to a household licence fee are those consisting of one individual; over 
70 per cent of households consisting of a single employed or unemployed person lose, paying on 
average around £45 extra per year. Correspondingly, the largest number of gainers appear in 
households consisting of two earners with children where almost 60 per cent of such households 
gain. These figures partly reflect the position of these various groups in the income distribution, 
and also the tendency for larger households to occupy larger - and hence more highly-rated - 
properties.

3.2 Metered Charges

This section considers the distributional implications of charging for water on the basis of metered 
water consumption. The estimates given are calculated on the basis of unchanged water 
consumption - in other words, it is assumed that current water consumption patterns are not affected 
by the introduction of water charges based on the amount of water consumed. Some changes in 
the pattern of household water consumption are likely to take place in response to metered water 
charges (and, indeed, there would be no point in choosing this administratively expensive option 
unless behavioural changes did take place), but the evidence summarised in OECD (1987) 
suggests that they are likely to be relatively small. They may, however, be unevenly distributed
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across the population; in the similar case of energy taxation, Pearson and Smith (1991) show, for 
example, that a large part of the total behavioural response to higher energy taxes would take 
place amongst the poorest income groups. Also, if metered charging reduced the level of water 
consumption, it would be liable to reduce the marginal costs of water supply, and hence could 
reduce the unit price of water supply. The assumption made here of no change in water consumption 
therefore means that the results of this section should be interpreted with caution.

Although there are many possible structures of charging based on water metering that could be 
introduced, the analysis here considers a relatively simple tariff structure based on a fixed service 
charge plus a constant unit price for each unit of consumption. The fixed charge, as with the other 
charging schemes, is based on the sum of the existing water and sewerage standing charges. The 
volumetric charge is then calculated so that company revenues are maintained at the current level. 
Across the FES sample, the average combined water and sewerage volumetric charge for England 
and Wales which would have raised the same total revenue as was raised from water and sewerage 
rates in 1991/92 was £0.918 per cubic metre.

Figure 4

Metered Charges as a Proportion of Income
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Figure 4 shows that a switch to water metering would have a very similar distributional incidence 
across income groups to the incidence of water rates. The average proportion of household income 
taken in water charges would be almost the same amongst the poorest income groups, would be 
slightly higher than with water rates for middle-income groups, and slightly lower for the richest 
income group. However, the differences are very small indeed.
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Figure 5

Gains and Losses From A Switch to Metering
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The pattern of changes in water charges for individual households can be estimated only 
imprecisely from our data. This is because the data on water consumption which are being employed 
in the analysis are statistical estimates based on a reduced form model of household water 
consumption. Whilst the model used explains a substantial proportion of the variation in water 
consumption between households, and is likely to provide reasonable accurate estimates of the 
average consumption of groups of households within the data, it does not contain all factors affecting 
individual consumption, and therefore tends to understate the amount of individual variation 
between households. This limitation should be borne in mind in interpreting Figure 5, which is less 
reliably determined than the corresponding figure for the licence fee option.

However, Figure 5 suggests that there is a distinct pattern of gainers and losers across household 
types as a result of the introduction of universal water metering. Large households tend to lose 
whereas smaller households tend to gain. The highest proportion of losers can be found in the 
household type consisting of unemployed couples with children whereas 93 per cent of single 
pensioners gain. This pattern of gainers and losers is to be expected since there is a clearcorrelation 
between household size and water consumption. Overall, 47 per cent of households would either 
gain or remain unaffected by a revenue neutral switch to universal metering.

215



7. Distributional Aspects ofHousehoid Water Charges.

3.3 "Banded" Charges Based on Household Characteristics

Within this category of charges results are given for the distributional impacts of a switch to three 
schemes of water charging where the charge levied is related to certain household characteristics 
- a charge based on the number of people in the household, a charge varying according to the 
type of property occupied, and a charge based on the property value bands used in the new Council 
Tax.

These banded charges may be considerably cheaper to operate than universal water metering. 
On the other hand, banded charges are likely to be more expensive to operate than the licence 
fee, since they require the collection (and verification) of the information needed to allocate 
households to charging bands. However, they also have two possible attractions when compared 
to the licence fee. One is that they may be perceived as more equitable than the household licence 
fee, which pays no regard to household income or other characteristics. The household 
characteristics used to differentiate household charges in the banded schemes may proxy aspects 
of household "ability to pay" (although in each case they are likely to be quite weak proxies). A 
second possible attraction of the banded charges is that they may bring the unmeasured water 
bills of households closer into line with the charges which they would pay if metered and charged 
for their current water consumption. As discussed in section III, a system of unmeasured water 
charges could be designed to approximate the charges households would pay if charged for water 
services on the basis of current water consumption. It would then tend to encourage efficiency in 
the pattern of household take-up of water metering, where voluntary metering was on offer.

There is, naturally, a tendency for these two objectives to point in opposite directions in the design 
of charging structures. Thus, for example, in considering the design of charges related to the 
numbers of household members, ability-to-pay considerations might point towards a charge based 
on the numbers of adults of working age, whilst a more accurate approximation of water 
consumption might be given by including ail household members, including children. Here the 
effects of the latter option are shown, and the effects of a revenue-neutral switch to a charge based 
on the number of household members has been modelled; across England and Wales as a whole, 
the charge per household member in 1991-92 would have been £44.68.

Similarly, the structure of charges based on house type which has been modelled has been 
designed to approximate the levels of water consumption of households in each type of 
accommodation. Table 2 shows the average water consumption of households in the sample 
occupying each type of property. The charge structure has been set so that the scale of charges 
paid reflects the average water consumption of each household type. For example, households 
occupying detached accommodation consume on average 26 percent more water than households 
occupying semi-detached accommodation, and it has been assumed that they would pay a 
correspondingly higher charge.

The charge modelled based on capital values bears some similarities to the local government tax, 
the council tax, in that the bills that households receive depend upon the value of the property they 
occupy. Under the Council Tax, dwellings are allocated to one of the eight bands shown in Table
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Table 2

Charges based on house type: water consumption and relative charge levels for the four 
categories of dwelling.

Charge Category Water Consumption 
(litres per day)

Charge Weight 
(semi-detached=100)

Detached 421 126

Semi-detached 334 100

Bungalow/T erraced 300 90

Flat/Other 246 73

3; the relative tax rates applied to each of the Council Tax bands are set by central government 
and are applied uniformly throughout the country. These relative tax rates have the effect that a 
dwelling in Band H pays twice as much Council Tax as a dwelling in Band D in the same authority, 
and three times as much as households In Band A. Whilst It would be possible to use these relative 
tax rates for operating water charges based on the Council Tax bands, the results reported here 
show the effects of a charging structure along the lines of the charges by property type, where 
relative charge levels reflected the relative average water consumption of each band. As Table 3 
shows, these relative charge levels are very close to the relative Council Tax levels for households 
In the lower bands, but households In the higher bands would pay rather less in water charges 
than if the Council Tax structure of relative tax levels had applied.
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Table 3

Valuation bands for the Council Tax, and estimated reiative water consumption

Band Capital value bands, England Council Tax relative to 
band D

Average water 
consumption 

relative to band D

A up to £40,000 0.67 0.68

B £40,000 up to £52,000 0.78 0.84

C £52,000 up to £68,000 0.89 0.89

D £68,000 up to £88,000 1.00 1.00

E £88,000 up to £120,000 1.22 1.09

F £120,000 up to £160,000 1.44 1.20

G £160,000 up to £320,000 1.67 1.32

H £320,000 plus 2.00 1.41

Figure 4 illustrates the distributional incidence of the three banded charging schemes, compared 
to the current system of charging based on rateable values. All three banded schemes are a little 
more regressive than water rates, although the differences are very small indeed.

Table 4 shows how closely each of the banded charges approximates to the pattern of household 
water consumption, and hence to the charges that households would pay if charged on the basis 
of current water use. Households are classified into five groups. The central group are those for 
whom the water charges that would be levied for current consumption are within £25 per year 
either way of the banded charges levied on the household. For these households, the gap between 
the banded charge and the charge they would pay if metered does not provide them with any 
significant encouragement or discouragement to choose metering. This group of households may 
be regarded as those able to make efficient decisions regarding the take-up of voluntary metering; 
only if they would reduce their consumption by enough to make metering worthwhile, will they be 
liable to choose the metering option. The other households face incentives for inefficient choices 
about metering. In the two right hand columns, households face a fiscal incentive to choose 
metering. Even if they make no change in their water consumption, metering would save them 
substantial amounts compared to the banded charge. In the two left hand columns, households
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face a disincentive to choose metering. Even if they would reduce their consumption substantially 
when metered, they would not wish to choose the metering option, since the banded charge is so 
favourable to them.

Table 4 thus shows the proportion of households likely to be affected by two different types of 
inefficiency in the voluntary take-up of metering. For a particular banded charge, the higher the 
proportion of households in the central category, the more efficient are likely to be the choices 
regarding metering take-up. Charging according to the number of household members would, on 
this evidence, appear to be most likely to encourage efficient take-up of voluntary metering, whilst 
each of the other three non-metered charging bases would provide a significant proportion of 
households with "fiscal" reasons for making inefficient decisions regarding metering take-up,^

To summarise the conclusions from these results, a non-metered charging system which proxies 
the charges that would be levied for current consumption may encourage greater efficiency in the 
pattern of take-up of voluntary metering, where this option is on offer. Unfortunately, the best of

3 The results in Table 4 should be interpreted with particular caution, since, as noted earlier in the paper, the 
consumption figures used are predictions from a reduced form model, and are likely to understate the amount of 
household variation. In addition, to the extent that variables included in the consumption equation include the household 
variables used to calculated the various banded charges (such as the number of household members), and that in the 
consumption equation these variables may have partly proxied the effects of other, omitted, factors, the water 
consumption estimates may be "closer" to the bases of the banded charges than would be true consumption figures. 
The "unchanged" category may therefore contain a higher proportion than it should, and this error may differ between 
the different banding options. Although the results in Table 4 are not implausible, the figures given should best be 
regarded as Illustrative, rather than as precise estimates.
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Table 4

The incentive for household take-up of metering, under four non-measured charging 
systems: excess of non-measured charges over metered charge (£ per year).

Percentages of all households

Households facing fiscal 
disincentive to choose 
metering

Households facing fiscal 
Incentive to choose 
metering

Metered charge 
saves:

-£50 or 
more

-£25 to -£50 -£25 to +£25 +£25 to 
+£50

+£50 or 
more

Licence fee 16% 15% 17% 20% 32%

Charge based on 
number of household 
members

1 % 11 % 48% 28% 13%

Charge based on 
house type

13% 17% 18% 21 % 31 %

Charge based on 
capital value bands

13% 18% 16% 24% 30%

Note; due to rounding, rows do not necessarily add to 100.

the non-metered charges from this perspective, charges based on the number of household 
members, would appear also to be likely to be the most administratively expensive, since it wouid 
require the coliection and verification of a register of the number of househoid members.

4 How far do the distributional effects of water charges matter?

There is a more fundamental question which needs to be addressed by pubiic poiicy makers in 
response to resuits of the sort which have been presented in the previous section - namely, why 
is this an issue at aii? Why shouid we care about the distributional effects of adopting any particular 
system of water charges? The question raises a series of complex, and linked, questions. Many 
of the same issues arise in the pricing of other household utilities such as eiectricity and gas (Diinot 
and Helm, 1987).
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Firstly, we should address the objection that the status of water charges as a price for water services 
directly disposes of the need for the concern that we would have regarding, say, the distributional 
Incidence of a tax. Why, It might be argued, are we concerned about the distributional effects of 
the price of water, any more than we are concerned about the distributional effects of the prices 
charged for other goods and services which households buy?

A similar line of argument was used by the UK Government In presenting the case for a poll tax, 
to replace the local property tax (domestic rates) as the basis for financing UK local government. 
In this case the new tax was named the "Community Charge", a title which was Intended to stress 
the similarity of the tax with a price (for the services provided by local government), rather than 
with taxation. The mere choice of a name quite clearly did not dispose of the Issue, and In our view 
significant - and closely related - distributional concerns arise In the case both of water supplies 
and local taxes.

What Is critical Is the absence of any real opportunity to decline to purchase the product for which 
the price Is being charged. In the case of local taxation. Individuals were compelled to pay so long 
as they lived In the area; moving to another area where services and taxes might be lower was an 
option which could not be exercised costlessly, and without accepting various other features of 
different residential areas. Similarly, In the case of water charges, there Is little opportunity for a 
household to avoid the charge levied, since at least some level of water consumption Is a necessity; 
only where water Is charged according to use does the opportunity of reducing spending exist.

It will be observed that this point of view can lead to a long list of goods and services for which 
pricing policy raises at least some distributional Issues; the scope for households to decline to 
purchase at least some quantity of many basic necessities may be quite limited. This, In our view. 
Is quite correct; distributional characteristics are one dimension In the design of policy towards 
Indirect taxes such as VAT and consumer excises.

Nevertheless, the circumstances In which the taxation or pricing of particular commodities needs 
to be adjusted to reflect distributional considerations are In practice rather limited. What matters 
In designing an equitable tax system Is the distribution of the burden of taxation as a whole, not 
of each Individual element of the system. A highly regressive Indirect tax structure could, therefore 
be compensated by other, more progressive, elements elsewhere In the tax system. Where 
efficiency considerations In pricing or Indirect taxation lead to an excessive burden on particular 
Income groups. It would be possible to adjust other elements of the tax system to compensate 
these groups.

Thus, the regressive burden of water charges could be compensated by greater progresslvlty In 
Income tax and In the social security system, through higher Income tax allowances and higher 
levels of social security benefits. Higher benefit levels could, for example, provide poor households 
with sufficient money to leave a household with average water consumption unaffected by the 
Introduction of metered water charges at the efficient level, whilst ensuring that those households 
with wasteful water use faced the full marginal cost of their use of water.
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The circumstances in which this response will be inadequate are of two sorts. One is where 
differences between households in water consumption reflect differences in "needs" for water 
rather than simply differences in tastes or preferences. A certain level of water consumption may 
be regarded as a "merit good", or, at the very least, the water consumption of households of different 
sorts might be a factor in determining how much redistribution through taxation and social security 
is needed to meet public objectives of equity. Poor households differ in various respects which 
might affect their water consumption needs; the presence of young children, for example, might 
substantially increase the amount of water consumption needed to maintain an adequate standard 
of living. Where the factors determining the relative needs for water of different types of households 
are easily observed, it may be possible to design the compensatory adjustments to the tax and 
social security systems to take these differences into account. However, where the factors 
underlying differences in needs cannot be sufficiently clearly identified to allow appropriate targeting 
of extra social security benefits or tax adjustments, it may be appropriate to supply water at lower 
prices, so as to ensure that households with higher than average needs for water are able to afford 
adequate quantities. As Weitzman (1977) demonstrates, policy must then choose between the 
lesser of two evils, in the form of either poor targeting in relation to needs, or of encouraging 
excessive consumption by households without high needs; the choice turns on the extent to which 
the unobservable differences in water needs are large relative to other factors affecting household 
water consumption, such as income and preferences. Whilst this is a matter of judgement, it would 
seem to us that, in the case of water consumption in a developed country such as the UK, this line 
of argument does not constitute a major reason for providing households with water at less than 
the efficient price; most of the reasons for differences in households "needs" for water would seem 
likely to be reflected in straightforward characteristics of the household, such as the number and 
ages of household members, which could easily be reflected in targeted adjustments to the average 
level of social security benefits.

A second qualification to the argument that adequate compensation can be provided through 
adjustments to income tax and social security arises due to the presence of local variation in water 
charge levels. Although it is possible to compensate households through charges to the tax/benefit 
system for the average level of water charges, this compensation would be inadequate for 
households living in areas where the level of water charges is well above the average. Since 
households living in a particular area cannot realistically be expected to move house simply to 
reduce the higher-than-average water charges that they pay, it may be appropriate for public policy 
to try to provide households in high-charge areas with more compensation than households in 
areas where water charges are lower.

The issues are complex, and closely analogous to the case of local government taxation. Thus, 
for example, it might be appropriate to consider whether long-standing and predictable local 
differences in water charge levels might have become capitalised into property prices, and therefore 
not constitute a burden on the current owner or occupier; also, consideration should be given to 
the possibility that differences in water charge levels might reflect differences in the quality of 
service provided. However, in the current context, much of the variation in water charge levels 
would appear to reflect differences in the condition and cost of maintaining the capital infrastructure
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inherited by the water companies, and in the cost of meeting pollution control obligations placed 
on the water companies. To the extent that some of these costs, especially the pollution control 
costs, have increased sharply as a result of recent government policy decisions they will not have 
been capitalised into the prices at which current property owners bought their properties. For this 
reason, and because they do not reflect differences in service levels, there may be a case for 
seeking to compensate households for differences in these costs that does not necessarily apply 
to some of the differences in the cost of providing local government services.

In the local government case, compensation for local taxes takes the form of rebates related to 
the level of the local tax a household pays, thus ensuring that the amount of compensation is 
related to the level of the tax levied. A similar need for compensation related to the level of water 
company charges could therefore perhaps be met by a system of water rebates, or "water benefit", 
providing support related to the average level of water charges levied by each water company, 
and ensuring that households In areas where the water companies bear particularly heavy burdens 
of pollution control and infrastructure renewal are not unduly burdened, in relation to similar 
households where the burdens on water companies are less.

Alternatively, of course, it would be possible to deal with this problem by taking measures to reduce 
the extent of variation between companies In the level of water charges. Since one source of 
variation is the differential burden on water companies of actions required by public legislation on 
pollution and environmental improvement, household water charges appear to be taking on the 
role of taxes, levied on particular geographical groups, to finance these improvements. There is 
certainly an argument that household water charges should not be used to finance environmental 
improvements properly financed out of general taxation; if this argument also helps to reduce the 
variation between areas in the level of water charges, it may help to reduce the need for complex, 
locally-differentiated, levels of social security compensation for the burden of water charges.

5 Conclusions

This paper has looked at five possible replacements for the present system of water rates. In terms 
of their relation to household income, the differences between any of the various alternatives to 
the current rateable value based water charges are small. Compared to water rates, a uniform 
household licence fee would be more regressive, and also other non-measured charges somewhat 
more regressive; universal water metering would have much the same overall distributional 
incidence across income groups as water rates. The relatively stable picture across income groups, 
however, conceals rather greater variation across household types.

This variation is the source of the distributional concerns that would be raised by a system of water 
charges based on metered consumption. To the extent that it reflects differences in household 
preferences for water, it is benign; however, if it reflected differences in household needs for water 
which could not be adequately compensated by targeting social security to the relevant affected
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households, it would be of more concern. In practice, most of the reasons for differences in water 
needs would appear to reflect factors which could be used to target social security changes - such 
as for example, the number of children and adult household members.

The degree to which it is possible to compensate households through changes to the tax system 
will also depend upon the extent to which charges vary between water companies. If charges are 
uniform across the country, then it would be relatively simple to compensate households through 
changes to existing taxes and social security.

This study has emphasised the potential value of a system of non-metered water charges that 
closely proxies household water consumption. The reasons for interest in this have nothing to do 
with equity; there is nothing intrinsically "fair" or equitable about non-metered water charges which 
are proportional to consumption. However, a non-metered charging system which proxies the 
charges that would be levied for current consumption may encourage greater efficiency in the 
pattern of take-up of voluntary metering, where this option is on offer. Unfortunately, the best of 
the non-metered charges from this perspective, charges based on the number of household 
members, would appear also to be likely to be the most administratively expensive, since it would 
require the collection and verification of a register of the number of household members.
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8. Energy Efficiency

1 Energy taxation and energy efficiency.

Over the past five years, policy towards the taxation of energy has been debated vigorously. In 
1991 the European Commission proposed a new carbon/energy tax as part of a package of 
measures intended to reduce energy use and to help the Community meet international targets 
for reducing emissions of carbon dioxide and other "greenhouse gases". This would have applied 
to both domestic and industrial users of energy and motor fuels. Also, in the area of UK domestic 
policy, the Chancellor’s 1993 Budget announced the phased extension of the standard rate of 
Value Added I  ax to domestic energy, which had hitherto been zero-rated in the UK^. The extension 
of standard-rate VAT to domestic energy was primarily motivated by the need for increased tax 
revenues, but, at the same time, the government maintained that the measure would have the 
valuable by-product of reducing energy consumption, and hence contributing to achievement of 
targets for reducing greenhouse gas emissions.

One common issue raised by both the proposed EC carbon/energy tax and the extension of VAT 
to domestic fuel is the likely distributional impact. This, indeed, formed the focus for much of the 
political opposition in the UK to VAT on domestic energy. Domestic energy forms a much larger 
part of the budgets of poorer households than of population as a whole; as Chapter 6 has shown, 
domestic energy accounts for some 16 per cent of the non-durabie spending of the bottom decile 
group of households, but only 7 per cent of household spending on average. Additional taxes on 
domestic energy will thus tend to have a regressive distributional incidence^, in the sense that the 
extra energy tax payments will be a higher percentage of income (or of total spending) for poorer 
households than for the better-off^.

In addition to the burden of extra taxation, a second issue has been the distribution of the burden 
of reductions in energy consumption in response to higher energy prices. It appears likely that the 
reduction in energy consumption induced by the imposition of VAT on domestic energy will be 
appreciably greater amongst poorer households; Crawford, Smith and Webb (1993) estimate that 
the energy spending of the bottom quintiie would fall by 9 per cent in volume terms, whilst the 
average reduction in the volume of energy consumption would be of the order of 6 per cent.

The aggregate economic cost of adjustment to higher energy prices will be higher, where energy 
consumers are prevented by market failures from making optimal adjustments in energy use. An 
efficient pattern of adjustment to higher energy prices might include both reductions in energy 
consumption, and also greater levels of investment in various measures to increase the efficiency 
with which energy is used. In the domestic sector, measures which households can take to improve

1 Under the 1993 Budget proposals, standard rate VAT was to have been phased in over two years. An 8 per cent rate 
of VAT was applied to sales of energy to households from 1 April 1994, and it was planned that this would then be 
increased to the full 17.5 per cent standard rate of VAT from 1 April 1995. Political opposition to the extension of VAT to 
domestic energy led to the eventual abandonment of the second stage of the policy, so that VAT on domestic energy 
remains at 8 per cent.
2 However, once the use of the additional revenues from energy taxation is considered, a revenue-neutral package of 
measures, including higher energy taxes combined with higher transfers to poorer households, could be designed 
which, overall, would on average leave poorer households better off (Johnson, McKay and Smith, 1990).
3 Smith (1992) shows that in the UK the EC’s carbon tax would be likely to have a regressive distributional impact too; 
the regressive effect of higher taxation of domestic energy would outweigh the progressive distributional Incidence of 
higher taxes on motor fuels.
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domestic energy efficiency may include such things as loft insulation, double glazing, and wall 
insulation. It has been suggested that markets for these investments may be subject to various 
forms of market failure, possibly including credit market failures, informational failures, and certain 
market failures related to housing tenure. Where households are prevented by market failures from 
adjusting efficiently to higher energy prices, their reductions in energy consumption in response 
to higher energy prices will tend to be smaller, and more "painful" in terms of their welfare cost.

The social and distributional costs of higher energy prices may be exacerbated if market failures 
in energy efficiency investment are particularly concentrated amongst low income households, or 
other vulnerable groups (Smith, 1992). Thus, for example, income related market failures, such 
as those related to the credit market, or to housing tenure, may tend to amplify the distributional 
cost of reducing energy consumption through pricing instruments. Measures to rectify the 
underlying market failures would then have the twin merits that they would tend to reduce the 
aggregate economic cost of achieving a given reduction in consumption, and at the same time 
would also help to reduce the social and distributional cost of higher energy taxation.

Policies to promote greater energy efficiency have been pursued by many governments in the 
OECD area since the oil shocks of the 1970s, initially for balance of payments reasons. A range 
of policy interventions have been used, including financial incentives through taxes and subsidies, 
policies to improve the information available to private decision makers, and building regulations 
which set standards or specify technologies that have to be used in new or existing houses 
(Brechling, Helm and Smith, 1991).

The initial rationale for these measures was set out in terms of the potential reduction in energy 
imports that could be achieved if energy was used more efficiently. More recently, attention has 
shifted to the contribution that greater energy efficiency could make to environmental policy, 
especially to the control of carbon dioxide emissions. Greater energy efficiency, it is suggested, 
would allow reductions in energy use, and hence lower levels of carbon dioxide emissions. A 
number of studies have sought to demonstrate that a large proportion of the reductions in carbon 
dioxide emissions required to meet internationally-agreed targets for greenhouse gas abatement 
could be achieved through the greater use of existing energy-efficient technologies.

These arguments take for granted a linkage between energy use and energy efficiency. However, 
consideration of the individual behavioural context for domestic energy efficiency investments 
makes it clear that the relationship between energy efficiency and energy use may well be more 
complex than these arguments tend to assume. It is unlikely that energy use would fall 
proportionately with the improvement in energy efficiency; some households may choose to take 
at least part of the benefits of increased energy efficiency in the form of greater comfort, rather
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than in reduced energy bills\ Indeed, in the absence of evidence about how households would 
respond to higher levels of energy efficiency, it is not even possible to be certain that greater energy 
efficiency would lead to a reduction in energy use, and hence to lower carbon dioxide emissions®.

The possible impact of energy efficiency improvements on energy consumption does not, however, 
in itself constitute a justification for government policy interventions to promote energy efficiency. 
The rationale for policies to promote energy efficiency rests on the existence of some form of 
market failure - the presence of some impediment to the efficient functioning of the market in the 
absence of policy. One source of market failure which is relevant here is, of course, the external 
environmental costs of energy consumption, in particular the impact on global warming. Other 
market failures may also be present in the market for energy efficiency investment, quite 
independently of the environmental dimension to energy consumption. This latter group of possible 
market failures has attracted considerable attention in recent policy debate, because of the 
uncertainty and political complexity surrounding climate change policy.

Policy on global warming is being formulated in the context of considerable scientific uncertainty 
regarding the probability of climate change occurring, and the eventual scale of the economic costs 
of climate change. The benefits of climate change policies are thus uncertain; moreover, as far as 
individual countries are concerned, the contribution that their own measures would make to any 
benefits that they might experience from climate change policies will be negligible, and thus the 
incentive for free-riding, or at the least, backsliding, will be large. In this context, it has appeared 
a particularly attractive feature of policies to promote energy efficiency that they may constitute 
"no regrets" measures - in other words, measures that would be of benefit, even if the economic 
costs of global warming turned out to have been overstated, or turned out not to arise at all. By 
correcting market failures which inhibit energy efficiency investment by individual households they 
may improve the functioning of the economy, regardless of whether reduced energy use confers 
any future environmental benefits.

The belief that market failures must be important has been reinforced by studies, based on technical 
data, which show substantial rates of return to investments in domestic energy efficiency in typical 
properties. For example, Pezzey (1984), estimates that the net present value per unit of capital 
cost of loft insulation is of the order of 3.5 - 7.5, and of cavity wall Insulation between 1.8 - 4.7. 
Installing double glazing, by contrast, appears to be unjustified on grounds of energy saving®.

4 If energy efficiency investments and energy spending are not desired by fiouseholds in themselves, but only desired 
as inputs to the efficient production of "warmth", then a fall in the energy price and an (exogenous) increase in energy 
efficiency would be expected to have very similar effects on household energy use. Both would reduce the relative price 
of warmth, and households would therefore normally be expected to choose to consume more warmth than before 
(Barnett, 1986).
5 Indeed, in a study of households in Belgium, Jaumotte, Meunier and Daue (1987) found that households with energy 
efficiency measures actually had h/gher energy use, on average, than households without such measures. 
Cross-tabulation results are, however, little more than suggestive of the possible influence of energy efficiency on 
energy consumption, and can be misleading. The group of households with energy efficiency investments are 
self-selected, and will presumably include those for whom the returns to energy efficiency investments are higher, for 
both observable and unobservable reasons.
6 This issue has also been studied extensively in the US. A summary of some conclusions from the US literature is 
given in Levine et ai (1995); see also Anderson (1995).
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Figure 1.

Percentages of the housing stock in Engiand with energy efficiency measures.
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Note: The figures are calculated as the percentage of the housing stock in which it would be possible to install the energy 

efficiency measure concerned.

The proportion of the UK housing stock with the principal energy efficiency measures has risen 
substantially over the past two decades (Figure 1)̂ . The proportion of properties with loft insulation 
has risen from about 43 per cent in 1974 to 89 per cent in 1989; the proportion with double glazing 
from 8 per cent to 47 per cent, and the proportion with wall cavity insulation from 3 per cent to 18 
per cent over the same period. The data for hot water tank insulation (for which diffusion had 
reached more than 90 per cent by 1989) and draught proofing (about 40 per cent in 1989) are only 
available over shorter time periods®. It is difficult to identify any relationship between either energy

7 A similar upward trend is reported for Belgium by Jaumotte, Meunier and Daue (1987), althougfi diffusion rates for 
certain measures differ from those in the UK. 38 per cent of properties in Belgium had ioft insulation in 1986, a similar 
percentage had some form of glazing insulation (mainly double glazing), and 26 per cent had wall insulation. 64 per cent 
of the households with loft insulation, 73 per cent of the households with glazing, and 46 per cent of the households with 
wall insulation had installed the measures in the period 1980-86, and further proportions of 24 per cent, 22 per cent and 
39 per cent respectively had installed the measures in the period 1973-79.
8 For all of the measures except draught proofing diffusion rates have been rising steadily upwards. Sharp fluctuations, 
and especially sharp reductions in diffusion rates would be unlikely; rates of diffusion in existing properties would tend to 
be non-decreasing if measures were left in place once installed. The one exception to the steady upward trend is the 
case of draught proofing, for which diffusion rates peaked around 1986 and then fell back; this appears to reflect a 
tendency for draught insulation to be viewed as an inferior substitute for other measures (such as double glazing), and 
the installation of double glazing to result in the removal of existing draught proofing.
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prices or policy measures and the timing of the diffusion of energy efficiency measures; the trend 
in loft insulation shows no evidence of sudden jumps in diffusion during the 1970s and early 1980s, 
when energy prices were highest and UK policy most active.

Nevertheless, despite the steady increase in the proportion of households with each of the principal 
measures shown in Figure 1, many households still have not taken all or some of the measures 
which the studies based on technical data suggest would be cost-effective. It is suggested that the 
fact that there is less than 100 per cent take-up of measures estimated to be cost-effective on the 
basis of NPV calculations may reflect the influence of various market failures®.

Nevertheless, despite the role that such arguments have played in the formulation of policy, 
evidence about the practical importance of market failures in domestic energy efficiency in the UK 
is lacking. This paper provides evidence on the pattern of energy efficiency investments amongst 
private households in the UK, based on economic modelling. The results provide some pointers 
to the relative significance of some forms of market failures in energy efficiency investments.

The plan of the remainder of the paper is as follows. Section 2 discusses various forms of market 
failure which could arise in the energy efficiency sector. Section 3 reports an empirical study of 
factors affecting household take-up of energy efficiency measures. Section 4 draws some brief 
conclusions about the policy implications of the results.

2 Domestic Energy Efficiency Decisions.

The main focus of the paper is on the actions households can take to prevent energy loss from 
energy-using activities, principally domestic space and water heating, through various energy 
efficiency investments, including loft insulation, wall insulation and double glazing. In each case, 
the energy efficiency measures have the character of investments; money spent on them in one 
year yields benefits over a number of subsequent years.

The demand both for energy and for energy efficiency investments is a derived demand (Hausman, 
1979); consumers seek energy services, in the forms of heat, light or power, from a combination 
of energy inputs (electricity, gas, etc) and capital investments. The choice of how to meet any given 
demand for energy services will reflect the costs of energy inputs and insulation, and the efficiency 
with which they are transformed into energy services. In some cases (open fires, and double 
glazing, perhaps) consumers may derive utility from how the chosen level of energy services is 
achieved, but usually consumer choices will simply reflect the relative costs of energy and insulation 
inputs in supplying the chosen level of energy services.

9 An alternative explanation, reviewed in detail in Brechling and Smith (1992) would be that the calculations do not take 
account of the full range of costs involved in installing the energy efficiency measures, or that they make inappropriate 
assumptions regarding the rate of discount, or about future energy prices. Also, there may be differences between 
households which are relevant in determining take-up of energy efficiency measures, but which are not reflected in the 
calculations for "typical" properties. Households whose members are rarely at home may have low heating needs, and 
consequently low energy consumption; for such households, the savings from energy efficiency investments may fall 
well short of the savings for a "typical" household in the same property.
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Market failures arising from a number of sources could, however, prevent households choosing 
an optimal mix of energy consumption and investments in energy efficiency (Jochem and Gruber, 
1990; Brechling, Helm and Smith, 1991):

• Information. Some consumers may fail to undertake cost effective measures because they are 
poorly informed about the technological possibilities for energy efficiency investments, and about 
the likely impact of such investments on their fuel use and costs

• Benefits cannot be appropriated. Cost effective investments may not be undertaken if the 
investor cannot appropriate the subsequent energy savings. Owner-occupiers who expect to move 
at some time in the future may not be able to recoup the full value of investment in energy efficiency 
through a higher sale price". Also, there may be problems in tenanted housing, where the landlord 
may be responsible for making any structural improvements which would reduce energy use, but 
where tenants pay the energy bills^^ Although, in principle, a higher level of rents could be charged 
to reflect the benefits of greater energy efficiency, this may be prevented by rent control legislation, 
or if tenants are unable to observe accurately the energy efficiency of the dwelling.

• Credit market failure. Poorer households tend to be less energy efficient (Boardman, 1991). 
However, it is not clear whether poverty as such, or other characteristics of the household (such 
as low energy use or tenure) should be seen as the underlying reason for this. One possible source 
of low rates of energy efficiency investments amongst poorer households could be credit market 
failures. Poorer households, and other groups of the population with limited collateral, may be 
severely restricted in their access to credit at the market rate of interest (see, for example, Weber, 
1990).

• Uncertainty. Uncertainty may be a source of market failure in household investment decisions, 
where households are unable adequately to insure against future risks^ .̂ In the present context.

10 Jaffe and Stavins (1994) claim that the diffusion of energy efficient technologies in newly-contructed housing in the 
USA has been impeded by information problems.
11 See Laquatra (1986) and Horowitz and Haeri (1990) for a discussion of the capitalisation of energy efficiency 
measures in house prices in the USA.
12 92% of owner-occupiers with accessible lofts have loft insulation but the proportion amongst tenants of private 
landlords is only 62% (Henderson and Shorrock, 1989a).
13 The position may be somewhat better in the case of industrial energy users, for whom energy management 
contractors may be able to absorb some of the risks of energy efficiency improvements, in return for a share in the 
potential gains. The difference between the two cases which allows energy management contractors to operate in the 
case of industrial energy use, but not in the case of domestic energy use may be partly a matter of scale; the potential 
savings in energy use by an industrial energy user may be much greater than by a private household, and therefore 
more likely to warrant incurring the fixed costs of a contract. In addition, there is a key difference in the predictability of 
the pattern of demand for energy services in the two cases. The energy use pattern of a  household may depend on a  
whole range of factors, and households may choose to take much of the benefit from greater energy efficiency in the 
form of a higher level of energy services, rather than reduced energy inputs. It is difficult to see how an energy 
management contract could be written which would allow a contractor to share in the risks and gains from energy 
efficiency investments by a household, but such contracts may be comparatively easy to write in the case of industries 
using energy in industrial processes, where the services provided by energy inputs can be defined and monitored, and 
hence the energy saving Tor a given level of energy services can be calculated.
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such risks could arise from uncertainty about the effectiveness of particular measures, about the 
household’s future circumstances and energy needs, or about the future energy price (Hasset and 
Metcalf, 1992).

In addition to the above market failures, inefficiency may arise through individual failures in 
decision-making. The choices made by individual households are unlikely to be determined simply 
by the results of an optimising calculation of the installation costs and potential benefits from energy 
efficiency investments. Consumers may rely on inappropriate decision rules, and may make 
mistakes. There is also survey evidence that attitudes and other subjective factors affect the 
diffusion of energy efficiency measures (Jaumotte, Meunier and Daue, 1987; Hedges, 1991).

3 The Empirical Analysis

This section describes an analysis of the pattern of household take-up of energy efficiency 
measures, using data from the 1986 English House Condition Survey (EHCS) to model the pattern 
of take-up of three key energy efficiency measures, loft insulation, wall insulation and double 
glazing, by a sample of nearly 7,000 households in England. This data set is particularly suited to 
examining the interaction between energy efficiency decisions and the socio-economic factors 
likely to reflect market failures, in that it includes data on specific physical features of the dwelling, 
socio-economic data about the current occupants, and, for a sub-sample of the data, fuel 
consumption information from both gas and electricity board records.

Table 1 reports logit reduced form models which explain household possession of each of the 
three energy efficiency measures - loft insulation, cavity wall insulation and double glazing - as a 
function of the features of the property, and the socio-economic and demographic characteristics 
of its current occupants. Each model excludes households that are unable to install the measure 
concerned; thus, in modelling loft insulation, households without lofts have been omitted. "Don't 
Know" replies have also been excluded.

To give an indication of the strength of the effects of the various variables in the estimated models. 
Table 2 shows how predicted probabilities of possession, based on the estimated models, vary 
with changes in household characteristics (income, tenure, etc).
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Table 1
Logit Reduced Form Models of the Possession of Three Energy Efficiency 
Measures.

Loft Insulation

coeff s.e.

Wall Insulation

coeff s.e.

Double Glazing

coeff. s.e.

Mean
(double
glazing

sample)

Constant 0.24 0.87 -4.55 0.94" -4.49 0.71" 1.00

Perimeter of dwelling -0.25 0 .0 /' -0.10 0.05" 0.11 0.05" 10.21
Area of dwelling 0.006 0.002" 0.002 0.002 -0.003 0.002' 110.77

Semi-Detached 0.03 0.14 -0.56 0.12" -0.16 0.10 0.30
Terraced -0.28 0.15' -0.71 0.14" -0.51 0.11" 0.39
Fiat -0.98 0.20" -1.16 0.21" -0.59 0.15" 0.16

Built 1900-18 0.22 0.13' -.22 0.18 0.01 0.11 0.11
Built 1919-44 0.50 0.12" 0.02 0.13 0.70 0.09" 0.28
Built 1945-64 0.97 0.16" 0.56 0.14" 1.00 0.11" 0.19
Built 1965+ 0.48 0.19" 0.77 0.15" 1.00 0.13" 0.11

Househoid income (Log) 0.30 0.08" 0.34 0.09" 0.27 0 .0 / ' 8.56

Head of household aged 26-39 0.17 0.20 0.14 0.23 0.00 0.16 0.28
Head of household aged 40-59 0.07 0.20 0.24 0.24 0.10 0.16 0.33
Head of household aged 60+ 0.09 0.25 0.48 0 .2 / 0.19 0.21 0.33

Head of household is pensioner -0.08 0.19 -0.38 0.19" -0.19 0.15 0.27
Head of household is unemployed 0.03 0.24 0.18 0.26 -0.09 0.23 0.03
Head of household is Unoccupied 0.02 0.19 -0.27 0.24 -0.20 0.19 0.06

Local Authority Rented 0.06 0.12 -0.10 0.12 -2.24 0.11" 0.31
Private Rented -1.10 0.12" -0.36 0.20' -1.38 0.15" 0.10

Central Heating 1.12 0.09" 0.58 0.11" 0.78 0.08" 0.64

Main heating fuel: electricity -0.42 0.13" -0.08 0.16 0.30 0.11" 0.10
Main heating fuel; other fuel 0.48 0.10" -0.05 0.11 -0.25 0.09" 0.18
Main heating fuel: shared heating -1.82 0.72" -0.24 0.49 -0.28 0.38 0.01

Midlands -0.14 0.11 -0.03 0.12 -0.004 0.09 0.19
East Anglia 0.00 0.19 0.16 0.19 0.41 0.16" 0.04
South East -0.01 0.13 0.25 0.12" 0.63 0.10" 0.14
London -0.33 0.13" -0.82 0.18" 0.64 0.10" 0.17
West 0.08 0.14 0.38 0.14" 0.49 0.11" 0.10

Occupiers resident 2<5yrs 0.20 0.14 0.13 0.14 0.05 0.11 0.19
Occupiers resident 5<10yrs 0.10 0.14 0.46 0.14" 0.27 0.11" 0.18
Occupiers resident 10<20yrs 0.40 0.15" 0.30 0.15" 0.47 0.11" 0.20
Occupiers resident 20+yrs 0.12 0.15 0.22 0.16 0.27 0.12" 0.24

Likely to move in next 2 yrs -0.05 0.11 -0.14 0.12 -0.10 0.09 0.18

Number of observations 
chf(32)
"pseudo" R^
Mean of Dependent Variable

= 5271 
= 765.0 
= 0.156 
= 0.825

= 6374 
= 400.8 
= 0.090 
= 0.112

= 6395 
= 1866 
= 0.233 
= 0.316

** denotes a significance level of 5%. 
* denotes a significance level of 10%.
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Table 2
Predicted probabilities of having ioft insulation, double glazing, and wail 
insulation, for households with various characteristics.

Loft Insulation Wall Insulation Double glazing

Reference Household (Owner occupier; head of 
household aged 40-59; average household Income; 
Northern region; has lived In dwelling for 10-20 years; 
terraced house, built before 1900; average floorspace; 
gas central heating)

.90 .11 .36

As reference household, but: half average Income .88 .09 .32

As reference household, but: double dwelling area .86 .09 .38

As reference household, but: tenants In private rented 
sector

.75 .08 .12

4 s  reference household, but: flat .82 .07 .34

As reference household, but: electricity used for 
heating

.86 .10 .43

As reference household, but: no central heating .75 .07 .21

As reference household, but: detached house, built 
1945-64, In South East region; household Income 50%  
above average.

.97 .40 .84

As reference household, but: private rented flat, no 
central heating, using electricity for heating; residence 
length under 2 years; household Income 80% of 
average.

.17 .02 .05

3.1 Loft insulation.

The first columns of Table 1 report the reduced form for loft insulation. Fourteen of the explanatory 
variables are found to be significant at the 5 per cent level.

Many of the significant variables describe the physical characteristics of the dwelling. The most 
obvious interpretation of these variables is that they reflect differences in the cost of undertaking 
a particular measure. In general, the signs of the physical variables are consistent with this 
interpretation. Dwelling size, for example, tends to be negatively related to the probability of 
ownership of both loft and wall insulation.

In comparison, most of the socio-economic variables are not significant. This is perhaps 
unsurprising in the case of the "short-term" variables, such as unemployment, since the investment 
decisions being modeiled will usually have occurred some time prior to the survey, and 
socio-economic variables will only be likely to figure in the results if they show some stability over 
time. Significant effects are found from two socio-economic variables, tenure and income. 
Properties occupied by private tenants are found to have lower levels of loft insulation than the
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base (owner occupiers); the difference is statisticaiiy significant and sizabie. A 
statisticaliy-significant effect of income is aiso found, but as Table 2 shows, its quantitative effect 
on the probability of having loft insulation is very small.

interpreting the coefficients on these two variables in the reduced-form equations estimated here 
is difficult; they could reflect either some direct influence of income or tenure on the energy efficiency 
decision, or an indirect influence, through effects of tenure or income on household demand for 
energy services, which in turn would affect the returns to energy efficiency investments. The 
reduced-form models shown here cannot separately identify these two types of effect. '̂* To the 
extent that the significant coefficients on income and tenure reflect the former channel of influence, 
however, this would tend to indicate the presence of market failures in household energy efficiency 
investments. Since loft insulation and some other energy efficiency investments are likely to be 
desired only as a means to achieving a given standard of energy services, and not desired in 
themselves, we would not expect to find any strong direct effect of socio-economic characteristics 
on household energy efficiency decisions in an efficiently-functioning market. A direct relationship 
between energy efficiency decisions and socio-economic characteristics might, however, be 
encountered where certain types of households (such as iow-income households) faced significant 
market failures.

Large effects are found from the type of heating: ioft insulation is more likely amongst households 
with central heating, and is less likely where households use electricity for heating than where they 
use gas (the base case). The role of central heating in the loft insulation model may be interpreted 
in various ways. One interpretation, which reflects the higher rates of return to energy efficiency 
investments in well-heated houses (Pezzey, 1984), is that the central heating variable proxies the 
standard of heating of different houses, and the positive sign on the central heating variable thus 
reflects a tendency for households to be more likely to undertake energy efficiency measures 
where the gains are greater. On the other hand, a relationship between energy efficiency investment 
and the possession of central heating could also reflect differences in awareness and attitudes to 
investments; households which have invested in central heating may be better informed than the 
average or may be the type of households that invest in home improvements more generally.

Figure 2 provides evidence about the extent to which the estimated model succeeds in explaining 
the differences between households which possess ioft insulation and those which do not. This 
figure shows a histogram of the predicted probabilities obtained using the estimated reduced form 
model for each individual household in the data sample. These predicted probabilities lie between 
zero (the model predicts with certainty that the household will not have loft insulation) and one (the 
model predicts with certainty that the household will have loft insulation), if the model contained 
a//of the factors affecting individual differences, the left-hand histogram would be concentrated at 
zero, and the right hand histogram would be concentrated at the value one. Comparison of the 
pattern of predicted probabilities for those households actually recorded as possessing loft

14 Brechling and Smith (1992) report an attempt to estimate a "structurai" modei of energy efficiency investments in 
which these two effects are separately identified. They argue that the socio-economic variabies in the reduced-form 
models can largely be interpreted as refiecting direct influences on household energy efficiency decisions, rather than 
indirect effects through socio-economic effects on energy consumption.
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Figure 2

The distribution of predicted probabilities for househoid possession of loft insulation from 
the reduced form model

Households with 

No Loft Insulation
,7 7 3 6 8 9  -

0 2 .4 6 ,8 1

Households with 

Loft Insulation

insulation with the pattern of predicted probabilities for those households who do not possess loft 
insulation provides an indication of the extent to which variables included in the reduced form 
model succeed in discriminating between those with and without the measure.

Although there are marked differences in the distribution of predicted probabilities between the 
two groups, it is clear that the variables in the model only explain part of the actual differences 
between households; and, in particular, the model contains few variables that enable to us to 
identify with any great certainty those households without loft insulation. Variables omitted from 
the model (such as perhaps informational factors, and individual attitudes) thus clearly have an 
important role in behaviour.

3.2 Wall Insulation.

Given the large energy savings from wall insulation, the very small percentage of households which 
actually possess wall insulation (11 per cent in 1986) is perhaps surprising. Also, the variables 
available appear to explain less of the pattern of ownership of wall insulation than of the other 
measures, as shown by the pseudo-R^s.

As with loft insulation, physical factors play a more important role than socio-economic influences. 
There is rather more variation by type of house and by region than with loft insulation. The type of 
heating fuel does not contribute significantly to the explanation of the pattern of wall insulation, 
although, as in the loft insulation equation, the possession of central heating has a positive and 
significant impact. The probability of having wall insulation is higher amongst more recently-built 
dwellings than amongst older ones.
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The strongly significant negative effect of flats and semi-detached and terraced houses over the 
base detached house could reflect one of two influences. The "need" for insulation, and the 
individual energy saving for each household may be lower in semi-detached or terraced houses 
or in flats because they have fewer exposed walls. Alternatively, the lower probability of having 
wall insulation could arise from decision-making problems associated with the shared ownership 
of walls: organisation and information problems would tend to increase with the number of 
households participating in the decision.

Figure 3

The distribution of predicted probabilities for household possession of wall insulation from 
the reduced form model (full sample)

Households with 

No Wall Insulation
. 8 8 7 2 0 5  -

Households with 

Wall Insulation

Figure 3 suggests that the predictive power of the estimated model is weak; few of the households 
recorded as having wall insulation are predicted to have a probability of possessing wall insulation 
of greater than 0.5. On the basis of the "percentage of correct prediction tests" sometimes used 
to evaluate binary response models, the model for wall insulation would thus predict poorly, failing 
to identify all but a handful of those households with wall insulation. However, closer examination 
of the distribution of predicted probabilities indicates a degree of explanation, in that the households 
with wall insulation are much less likely to be given a very low probability than those without. The 
model thus identifies some of the factors giving rise to differences between households, although 
clearly there are important omitted influences.

An important consideration is that some dwellings may face restricted choices over wall insulation. 
There are three ways in which walls may be insulated - internal solid insulation, external solid 
insulation, and cavity fill insulation. Of the three, cavity fill is the only type which can be installed 
without major reconstruction or redecoration of the inner or outer walls, and it therefore tends to 
be the only cost-efficient method of insulating walls except when other work is needed on the

238



8. Energy Efficiency

dwelling (Pezzey, 1984). The results in Table 1 report the probabilities of possessing any type of 
insulation, and the sample of households on which estimation is based includes all households, 
and not just those with cavity walis.

The model is therefore based on a sample which includes households which are unable to install 
the main type of wall insulation; this may bias the estimates of the factors affecting the decisions 
of those households which do face a genuine choice regarding wall insulation. A second model 
was therefore estimated, based on a sub-sample of dwellings that can be identified with reasonabiy 
certainty as having cavity wails. Whilst many older houses do not have cavity walls, cavity wails 
have been required by legislation throughout the post-war period; selecting a sample of dwellings 
built since 1945 will thus select a sample that could install cavity walls.

The results of this exercise are not reported in detail here’®, since in practice most of the estimated 
coefficients are quite stable between the two models. A number of the significant coefficients, 
including the income coefficient, are somewhat larger in the post-1945 model; otherwise the main 
difference is that the central heating dummy has a smaller and less significant coefficient in this 
model. There are slightly fewer significant explanatory variables In the model estimated on the 
post-1945 sample (partly because of the reduced sample size), but the overall level of explanation 
of the variation in the data, as measured by the "Pseudo-R^", is slightly higher.

3.3 Double glazing.

The double glazing equation has the highest explanatory power of all of the models in Table 1, 
with many significant variables. In most cases, the variables have the same sign as for the other 
insulation measures, but there is a clear difference in the impact of electric heating. Electric heating 
tended to reduce the probabilities of having loft insulation and wall insulation; in this model, 
households are more likely to possess double glazing if they use electricity for heating. The model 
also shows significant regional variation, with positive effects from dummy variables for London 
and the South East, perhaps reflecting the investment into home improvements during the 1980s 
housing boom.

The income coefficient reported in T able 1, while significant, is no greater than the income coefficient 
in the estimates for either loft insulation or wall insulation. This is perhaps surprising, since double 
glazing may be installed for various reasons other than energy saving (for example to reduce 
noise), and the demand for these other attributes of double glazing might have been expected to 
lead to a greater income elasticity than for the models where decisions reflect the effect of the 
measure on energy costs alone.

Figure 4 shows that the estimated reduced form model results in a considerably different pattern 
of predicted probabilities of possessing double glazing amongst those who actuaiiy have double 
glazing, compared to those who actually do not.

15 A full account of the model can be found in Brechling and Smith (1992).
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Figure 4

The distribution of predicted probabilities for household possession of doubie glazing from 
the reduced form model

. 5 9 5 7 9 3  -

Households with No 

Double Glazing

Households with 

Double Glazing

The model shown in Table 1 estimates the probability of having at least one window in the dwelling 
double glazed. A second model was also estimated, for double glazing of the entire house. The 
reason for being interested in this is that partial double glazing could be undertaken for reasons 
unconnected with energy saving (eg. to cut out the noise of a nearby road), whilst full double glazing 
is generally an energy efficiency measure. The effects of the various explanatory variables are 
broadly similar over the two models. Income is no longer a significant variable in the model for full 
glazing: this partly reflects the reduction in sample size, but would also be consistent with the view 
that full glazing was undertaken to obtain benefits from reduced future energy costs, whilst partial 
glazing had more direct benefits, for which demand might be expected to be a positive function of 
income.

4 Conclusions.

Arguments about market failure play a key role in justifying government intervention in the market 
for domestic energy efficiency. Despite this, there has been little available empirical evidence about 
the practical importance of market failures in energy efficiency which could be used to assess the 
case for policy measures, or to target policy interventions on the most significant sources of market 
failure. This paper has sought to provide some indications based on economic modelling of factors 
affecting the pattern of possession of energy efficiency investments amongst UK households.

The paper has described the results of an analysis using cross-sectional data from the 1986 English 
House Condition Survey to assess the role of economic factors in contributing to the pattern of 
household take-up of energy efficiency measures. Reduced-form Logit models have been 
estimated of the factors influencing the pattern of possession of the three principal energy efficiency 
measures - loft insulation, wall insulation, and double glazing.
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The results appear to be consistent with the view that there are certain areas in which market 
failures may deter households from making rational decisions regarding energy efficiency 
investments, in particular, there appears to be a strong tenure effect on the pattern of each of the 
three measures, with rates of possession much lower in private rented properties than in 
owner-occupied properties. This suggests that policies to reduce market failures in energy 
efficiency could usefully pay attention to the role of tenure-related market failures - especially to 
those relating to the private rented sector.

The very much lower rates of energy efficiency investment in private-rented properties than 
elsewhere may reflect the problems arising from the different interests of landlord and tenant; for 
example, if the landlord is responsible for investing in energy efficiency improvements, whilst the 
tenant is responsible for energy bills, landlords will only face efficient incentives for making 
investments if they can recoup the benefit through subsequent higher rents. Rent control legislation 
may impede rent adjustments of this sort; however, more fundamentaily, there may be an 
asymmetry of information between landlord and tenant about the value of the measures installed 
which would prevent energy efficiency investments being fully reflected in rent levels, even in a 
completely free market. It may be possible to devise schemes (along the lines of the "home energy 
rating" schemes currently mainly directed at owner-occupiers) which would improve the quality of 
information available to private tenants about the likely energy costs of a property. Realistically, 
however, better provision of information is only likely to go part of the way towards eliminating the 
problems in the private rented sector, and other measures, including both subsidy and regulatory 
mandatlon, may be needed If energy efficiency levels in the private rented sector are to be brought 
cioser to the levels in the rest of the housing stock.

In comparison to the strong role played by housing tenure in domestic energy efficiency decisions, 
there appears to be less indication of any major income related-market failure. This probably 
suggests that credit constraints amongst poorer households are unlikely to have been a major 
factor inhibiting energy efficiency investments, and that policies directed at credit market failures 
in the area of domestic energy efficiency should therefore be a low priority for policy. However, 
this strong conclusion is subject to two significant qualifications. First, as observed above, the 
income and other household characteristics relevant at the time of the insulation decision may 
differ from the income and characteristics of the household observed at the time of the survey. 
Second, the observed pattern of possession of energy efficiency measures will reflect the influence 
of past policies and incentives in various ways. To the extent that these policies have been targeted 
on Iow-income households, either by grants and financial incentives or through direct provision 
and intervention in certain parts of the housing stock predominantly occupied by lower-income 
households, they may have succeeded in eliminating income-related differences in the pattern of 
possession of energy-efficiency measures that would otherwise have existed.

These results may be contrasted with the findings of some US studies which observe a strong 
tendency for market failures to be associated with low incomes. In particular, Hausman’s (1979) 
study of the pricing and purchasing of energy using durables appears to indicate that energy 
efficiency benefits are not fully reflected in product prices, and that low income households are 
particularly likely to purchase appliances with low levels of energy efficiency. One interpretation
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of such results is that credit-constrained poorer households are not able to afford the higher capital 
cost of buying more energy-efficient durables. Another possible explanation of the observed pattern 
of purchasing may, however, not reflect market failure, but the effect of unobservable attributes 
correlated with energy efficiency. If, for example, newer models tend to be preferred by better-off 
consumers (who, unlike poorer consumers, are prepared to pay the premium for novelty), and, at 
the same time, designed to offer higher levels of energy efficiency because they were designed 
in a period (for example, in Hausman’s data, the late 1970s) when energy prices where higher 
than when older models were designed (for example, the 1960s), then a correlation would be 
observed between income and durables purchasing patterns which did not reflect any underlying 
market failure.
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