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V. POLICY CHALLENGES ARISING FROM
CLIMATE CHANGE

Most OECD countries are
committed to reducing their
emissions of greenhouse gases

There is increasing scientific consensus that global warming is under way,
linked at least in part to human economic activity. The considerable attention paid to
this problem over the past ten years resulted not least from the 1992 United Nations
(UN) Framework Convention on Climate Change (UNFCCC). Despite this attention,
however, current indications are that emissions of greenhouse gases (GHGs) are ris-
ing faster than expected, and that the initial UNFCCC aim for emissions for the
year 2000 will be substantially exceeded in almost all OECD countries. Moreover,
the date by which stabilisation of world emissions (let alone the reductions necessary
to stabilise atmospheric GHG concentrations) can be expected is receding into the
future. The Kyoto Protocol, agreed in 1997 but yet to enter into force, adopted bind-
ing targets involving cuts in emissions, relative to the 1990 level, for the period
2008-12.

This chapter1 first discusses the costs of meeting the Kyoto targets, the proper-
ties of international emissions trading in reducing the overall costs of abatement, and
some of the domestic policies needed. The second section considers some of the
work that remains to be done in clarifying important aspects of the Protocol, while
the third section examines some of the arguments advanced in the ongoing discus-
sions on whether to limit international emissions trading. The fourth section dis-
cusses the extension of binding GHG emissions limits to developing countries, and
their incentives to accept such constraints, and the fifth raises some issues in evaluat-
ing the cost of climate change and the need to adapt to changes that seem likely to
occur. The last section presents some concluding remarks.

Reduction targets are tighter
than it seems…

The Kyoto Protocol calls for GHG emissions in the period 2008-12 to be reduced,
relative to their 1990 level, by some 5 per cent for Annex 1 countries as a whole.2 The
reduction for OECD countries overall is around 7 per cent, but with variations among
countries – particularly within the European Union (EU) following its (separate) bur-
den sharing agreement (Table V.1). These targets are tighter than it seems because of

Introduction

1. This chapter is derived from work undertaken as part of the OECD project on Sustainable Development
(OECD, 1999c).

Meeting the Kyoto emissions targets

2. The Kyoto Protocol set emission targets for most OECD countries and a number of economies in tran-
sition. This group of countries is frequently referred to as “Annex 1 countries”.
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the growth of emissions that would normally occur in the meantime: relative to this
“Business as Usual” scenario, the targets imply reductions that may amount to
some 30 per cent. Indeed, by 1995 emissions were higher than in 1990 in the
majority of OECD countries. Where emissions have fallen, it is usually due to
largely unrelated events or policies of a one-off nature: to collapses in output in
transition countries and (eastern) Germany and, in the United Kingdom, to liber-
alisation of the electricity supply industry and reform of coal subsidies encourag-
ing a switch to gas.

… and the policies to reach
them are not in place

Few of the domestic policies necessary to contribute to reaching the emission
targets are in place today. Such policies, to be cost-effective, will have to include
market and subsidy reforms, particularly in the agriculture, transport and energy sec-
tors. Subsidies to energy industries, especially coal, have declined considerably over
the past decade, but remain substantial; OECD case studies indicate that abolition of
selected energy subsidies could reduce CO2 emissions from the energy sector by
between 1 and 8 per cent (OECD, 1997).

The use of economic
instruments will reduce costs…

Making use of economic instruments will also help cost effectiveness.
Some steps are being taken towards the introduction of a carbon tax in a number of

Table V.1. Overview of national emission trends, Kyoto objectives
and EU burden-sharing

1990 GHG emissions Kyoto targetPercentage change
(million tonnes for 2008-20121990-1995
CO2 equivalent) (as % of 1990)

Non-EU OECD

Australia 406 6 8
Canada 558 10 –6
Czech Republic 188 –24 –8
Hungary 102 –24 –6
Iceland 3 5 10
Japan 1 190 8 –6
New Zealand 76 0 0
Norway 49 6 1
Poland 564 –22 –6
Switzerland 54 –2 –8
United States 5 713 5 –7

European Union –8.0

Burden-sharing targets:

Austria 78 1 –13.0
Belgium 139 6 –7.5
Denmark 72 10 –21.0
Finland 65 3 0.0
France 498 0 0.0
Germany 1 204 –12 –21.0
Greece 99 6 25.0
Ireland 57 4 13.0
Italy 532 2 –6.5
Luxembourg 13 –24 –28.0
Netherlands 207 8 –6.0
Portugal 68 6 27.0
Spain 301 2 15.0
Sweden 65 3 4.0
United Kingdom 715 –9 –12.5

Source: UNFCCC ‘‘official’’ national data.

Table V.1Overview of national emission trends, Kyoto objectives and EU
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countries.3 As an alternative to a CO2 tax, a system of domestic tradable permits is in
many ways equivalent, and has similar efficiency properties.4 It has some advantages
compared with a tax: it may be better suited to meeting quantitative targets, when
there is uncertainty about the level of CO2 tax that would be required; and it could be
linked to international trade in emissions allowances as foreseen in the Kyoto Proto-
col. No such system is currently in use, though the sulphur dioxide trading system in
the United States has encouraged a lot of interest.5 However, tradable permits also
have a number of drawbacks as compared with taxes – especially when introduced in
small countries with few participants to trading and without linkage to international
emissions trade – and it may be effective to apply both instruments.

… and exemptions should be
limited and temporary

One of the challenges for cost-effective policies such as carbon taxes and emis-
sion trading is how to deal with existing heavy emitters. These emitters often ask for
some exemption from a CO2 tax, or for a sufficient amount of free allocations of
emission allowances (“grandfathering”), to avoid facing a sudden large increase in
costs. Industry arguments about adverse effects on competitiveness have led coun-
tries to grant tax exemptions to some emitters, even though these exemptions tend to
seriously weaken the link between the tax paid and carbon emitted.6 While preferen-
tial treatment may be warranted in an initial phase, partly to help overcome political
resistance, these exemptions should be phased out rapidly to avoid reducing the over-
all incentive to abate. It should also be noted that “grandfathering” and tax exemp-
tions, often lobbied for on “competitiveness” grounds, reduce government revenues
and thereby potential reductions in other taxes which may have even more distortion-
ary effects on economic performance.

Other measures may
supplement economic
instruments

A number of other measures have been considered in some Member countries to
supplement market forces or to deal with market imperfections. Such measures
include regulatory policies for materials, buildings and products, green government
procurement approaches, as well as research, information and public awareness pro-
grammes. Complementing economic instruments, these measures can accelerate dif-
fusion and development of technologies, and change consumption patterns towards
goods and services produced, delivered and disposed of with lower emissions
of GHGs.

Voluntary agreements to reduce emissions – between governments on one side
and industrial sectors or enterprises on the other – are a response to the resistance to
market-based instruments. Voluntary agreements have important drawbacks, how-
ever. Some types of voluntary agreements establish relative performance targets,

3. Germany, Italy, Austria, Norway, Sweden, Finland, Denmark and the Netherlands have some form of
energy/carbon tax, though the link with the carbon content of energy is usually weak. France, New
Zealand and the United Kingdom are planning or considering the introduction of such a tax.

4. In particular, that marginal abatement costs are equalised across the economy, implying that reduc-
tions in emissions are undertaken at least cost. A discussion of this and other aspects of emission trad-
ing and carbon taxes can be found in OECD (1998a), pp. 200-203.

5. A number of countries are exploring how to set up a CO2 trading system including by launching pilot
trading schemes (see www.oecd.org/env/cc).

6. In Germany, the burden of the energy tax is capped – if a firm’s payments of the energy tax exceed
savings from lower labour taxes (reduced as part of an attempt to reap a “double dividend”) by more
than 20 per cent, the excess is to be refunded. In Finland, a carbon tax had been introduced in the early
1990s. The electricity supply industry, facing competition from abroad, argued for tariff protection to
compensate for a carbon tax on its own fossil fuel inputs. When such a tariff turned out to be forbidden
by European Union (EU) rules, the Finnish Government exempted the electricity sector from carbon
tax, introducing instead an electricity tax, which targets carbon emissions very poorly. The German
energy tax was also shaped by concerns about competition from abroad in the absence of an EU-wide
policy on carbon taxes.
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which provide firms with a degree of certainty about feasibility and cost, yet the
overall degree of abatement is hard to predict. Marginal abatement costs may also
vary among firms and industries, losing opportunities for adjustments that would
reduce overall costs. This is also a concern about regulatory approaches; where they
are required, cost effective formulation is important.

Estimates of the aggregate
costs of action seem

moderate…

Much OECD research has gone into estimating the economic costs of imple-
menting the Kyoto targets. The OECD’s GREEN model yields results that are
broadly in line with other models. GREEN simulations suggest that, if countries
succeeded in meeting the Kyoto targets with only cost-effective domestic measures,
i.e. without making use of the scope for cost reductions through mechanisms such as
international emission trading, this would imply a reduction in the level of real
income in the main OECD regions varying from 0.2 per cent to 0.8 per cent, about
0.5 per cent overall (Table V.2). These figures may seem small but hide much larger
impacts on some sectors of the economies. Moreover, the results are based on the
assumptions that policies can be fully effective in achieving domestic equalisation of
marginal abatement costs and that labour-market adjustment is fully flexible. Both
assumptions may imply some under-estimation of the cost of abatement policies. On
the other hand, GREEN currently deals only with CO2 from energy, and does not
consider either CO2 from forestry or other greenhouse gases. This may cause costs to
be overstated, since reductions in emissions of methane and nitrous oxide, or CO2
offsets from forestry, could probably contribute substantially to the Kyoto reduction
commitments at relatively low cost, at least in Europe (Gielen and Kram, 1998).
Moreover, policy reforms such as cuts in energy subsidies could further reduce costs
of reaching the Kyoto targets.

… especially with international
emissions trading

International trading of emission allowances allows the real income losses in
OECD countries to be significantly reduced, according to GREEN simulations, to
about one third of 1 per cent on average. In part, these gains are at the expense of
higher overall emissions – due to “hot air” in Russia and the Ukraine, discussed
below. Without “hot air” gains, trading reduces the average real income loss in
OECD countries from about 0.5 per cent to about 0.4 per cent. The implied carbon
tax (or price of emission allowances) would be around $90 per tonne of carbon (com-
pared with $100 to $300 across main OECD countries and regions if they were to

Table V.2. Costs of Kyoto in OECD regions, 2010

Change in GDP, Change in real income, a Implied carbon price,
per cent per cent 1995 $ per tonne of carbon

Without With Without With Without With
trade trade b trade trade b trade trade b

United States –0.27 –0.16 –0.33 –0.40 231 92
Japan –0.03 –0.02 –0.24 –0.19 189 92
European Union –0.17 –0.08 –0.77 –0.33 181 92
Other OECD –0.29 –0.18 –0.68 –0.64 228 92

OECD total –0.18 –0.10 –0.48 –0.34 . . . .

a) Changes in real income differ from changes in GDP because of terms-of-trade changes. These arise mainly from
a) changes in imported energy prices; and b) changes in domestic prices needed to maintain balance-of-payments
equilibrium (e.g. to improve the balance of trade to finance emission allowance purchases). Important influences on
these are, on a), the initial structure of trade, in particular the degree of dependence on imported energy and, on b),
the price elasticities of demand for imports and exports. 

b) Unrestricted trade among Annex 1 countries, i.e. including ‘‘hot air’’ trade.

Table V.2Costs of Kyoto in OECD regions, 2010



Policy challenges arising from climate change- 167

O E C D

meet their emission targets individually).7 Trading generally allows OECD countries
to meet their emission targets with higher levels of GDP than in a scenario without
trading, but some of these gains are offset by the need to purchase emission allow-
ances from abroad.

Early action may stimulate
innovation…

The Kyoto targets apply to emissions a decade from now. Nevertheless, it has
been argued that strong action to force emissions reduction should be taken early in
order to stimulate technical progress and innovation, leading to reduced abatement
costs later on. On the other hand, if technology improves independently of pressures
to reduce emissions it could be beneficial to wait longer until cheaper abatement
technology is available in the future.

… and reduce premature
scrapping of capital

GREEN, in which progress in energy technology is exogenous, cannot assess
these arguments. However, simulations suggest that a gradual phasing in of action to
meet the Kyoto targets, starting as early as possible, incurs lower costs than waiting
and then introducing measures more abruptly. This is mainly because it minimises
the extent to which rapidly changing relative prices force premature scrapping of cap-
ital equipment. On both the technology and capital scrapping argument, early clarifi-
cation of the conditions for implementing the Kyoto Protocol would be important to
accelerate progress.8

Many aspects of the Kyoto
Protocol remain to be clarified,
including…

Negotiations on the modalities for implementing the UN Framework Conven-
tion and the Kyoto Protocol take place in the Conference of the Parties (COP) to the
UNFCCC and its subsidiary bodies. The Kyoto Protocol, negotiated at the
third meeting of the COP (“COP3”) embodies the emissions commitments and an
outline – but not the details – of how these will be defined, monitored and enforced.
COP4, in Buenos Aires in November 1998, made only little progress towards defin-
ing these details, but set the aim of finalising them at COP6, currently planned for
2000.9 Among the modalities to be settled are those related to the compliance system
for the Protocol which may be considered in three parts:i) monitoring and reporting;
ii) review and verification;iii) non-compliance responses and enforcement.10

… monitoring and reporting…Monitoring and reporting is undertaken to gather information to enable assess-
ment of compliance with the emissions targets. This process is largely the responsi-
bility of parties to the Climate Convention themselves, who are required to produce
inventories of their own emissions (and removals through sinks, such as carbon being
trapped in forest growth) of greenhouse gases. Agreed guidelines have been estab-
lished, but they are not yet sufficiently precise. Work is needed to improve accuracy,

7. A survey of results from a number of models suggests that results from GREEN are relatively central
(OECD, 1999a, Table 3). Prices are expressed in 1995 dollars. For comparison, the 1995 international
oil price was equivalent to about $150 per tonne of carbon.

8. GREEN does not embody any forward-looking behaviour. If agents anticipated future relative price
changes –e.g.the introduction of a carbon tax – the advantages of targeting early emission reduction
would probably be reduced. Early clarification of the Protocol would help formation of such expecta-
tions.

Modalities for implementing Kyoto

9. The Protocol will not enter into force until ratified by countries accounting for at least 55 per cent of
Annex 1 emissions, and by at least 55 countries. Eight countries have so far ratified; no Annex 1 coun-
tries have ratified.

10. See Corfee Morlot (1998) and OECD (1998b) for more details.
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to ensure comparability between countries and to deal with uncertainties in measure-
ment, particularly for non-CO2 gases and for sinks.

… review and verification… Review and verification procedures would use the information reported to ascer-
tain compliance, and include checks on the self-reporting procedures. Currently, an
“in-depth” review process has been established, with a visit to the reporting country
by a team of experts, which identify errors and irregularities (including information
gaps), but they are not charged with verifying inventory data. Yet, such verification,
within a stronger review procedure, may be essential for an effective non-compliance
procedure under the Protocol.

… and non-compliance
procedures

Non-compliance procedures are as yet unspecified. Although domestic emission
limitation schemes could provide for financial penalties for non-compliance, there is
little precedent for an international treaty to provide for financial penalties (OECD,
1998b).11 In some cases, being publicly declared in non-compliance may act as a sig-
nificant penalty, and revoking the right to participate in international permit trade
may be a serious sanction. More explicit enforcement “sticks” are not readily avail-
able, although measures such as trade or economic sanctions may be explored. It has
been suggested that some “carrots” should also be considered, including the possibil-
ity of making funding from international financial institutions or the financial mecha-
nism of the Convention conditional on compliance. However, these would only affect
the transition countries within the Annex 1 group.

While non-compliance measures may be necessary in any case, their importance
is highlighted by discussions of the international flexibility mechanisms of the Kyoto
Protocol, in particular emissions trading and joint implementation among Annex 1
countries, whose benefits are based on the assumption of strict enforcement of
national targets. In the case of the so-called Clean Development Mechanism
(CDM),12 no national target is involved but emission cuts in non-Annex 1 countries
will be defined with respect to a project-specific baseline that will have to be agreed.
The institutional aspects of international emissions trading are likely to be complex.
Important elements of the system include an accounting and registry framework for
“assigned amounts” of emissions allowances; how to cope with trade between
governments and between legal entities, some of which may or not be emitters
themselves; and issues such as who is liable when trading itself results in
non-compliance.13

Restrictions on emission
trading are sometimes

proposed…

Curbing emissions through market based instruments such as tradable emission
rights will significantly reduce the economic costs of complying with the Kyoto tar-
gets. However, uncertainty about compliance enforcement has been suggested by

11. The EU “Stability and Growth Pact” is perhaps the only example, in a rather different domain.
12. The Kyoto Protocol defines the CDM under which Annex 1 countries can obtain credits that can count

towards their emission reduction target. The idea of CDM is that the Annex 1 country may sponsor an
investment project – for example the conversion of an electricity generating station from high to low
carbon content fuel – in a non-Annex 1 country. The resulting emissions reductions would then count
as if the sponsoring country had reduced its own emissions.

13. See Mullins (1998) for more detail on options under consideration.

Emission trading: should it be restricted?
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some parties as a reason to restrict emissions trading. Other arguments for such
restrictions include:i) the “supplementarity” provisions of the Protocol;ii ) the need
for domestic action to stimulate technical and social innovations;iii) “hot air”;
iv) measurement problems; andv) demonstration effects.14 This section considers
each issue in turn.

… perhaps because the role of
trading is misunderstood

First, it should be noted that buying permits is not a way for individual countries
to avoid bearing the cost of action. Although some agreed emission cuts will not
occur in buyer countries, those cuts will nevertheless be made somewhere and the
buyer countries will pay for them. Moreover, by reducing the overall costs of cutting
emissions, trading may allow more ambitious emission targets.15

The concept of supplementarity
remains undefined and
technical and social innovation
does not justify caps on trade…

The need to buy emission allowances and the resulting higher cost of related
goods and services should cause people and firms to economise on their use of
GHG-producing products and services,16 thereby triggering some reduction in
domestic emissions in buyer countries too. This may go some way towards meeting
the “supplementarity” provisions of the Kyoto Protocol, which, however, have not
yet been defined.17 While it is argued that restrictions on trade and the resulting more
costly domestic action in buyer countries could further stimulate technical and social
innovation in those countries, this would correspondingly reduce it in other countries,
and the net result is not clear cut. Domestic ancillary benefits of reduced emissions
could be enhanced by restrictions on buying emissions allowances, but again this
would be at the cost of reduced ancillary benefits in seller countries. In any case,
these benefits could be achieved by separate action.

… and neither does “hot air”…Another concern arises from what has been described as “hot air”. This refers to
the likelihood that emissions in some countries, where the level of economic activity
has fallen significantly since 1990, will be below the target level even if they take no
action at all. These countries would thus be in a position to sell emission allowances
that they would not otherwise use – “hot air”. Hence, trade would increase overall
emissions, though not above the agreed aggregate Kyoto targets. Restricting such
trade, however, could be considered a retrospective renegotiating of these targets. In
any case, the “banking” provisions of the Protocol allow emissions not “used” in
one period to be carried forward for use in subsequent periods, though in practice
future negotiations on emissions allowances might be affected by such banking.

… or measurement errorMeasurement error has also been suggested by some to justify limits to trade, to
ensure that only “real” emissions reductions are traded. However, measurement error
is really a problem for compliance assessment rather than for trading. This is because,
for any given estimate of emission levels, trading does not increase actual emissions,

14. The issue of potential use of market power in the market for emission permits is discussed in OECD
(1999a).

15. While the Kyoto targets have already been set, the costs of achieving them may affect the targets set
for future commitment periods.

16. Provided the costs of buying emission allowances are passed on. This would be automatic if individ-
ual emitting enterprises were responsible for their own emissions. Otherwise this depends on govern-
ments passing the costs of their purchases of allowances on to emitters.

17. The Kyoto Protocol includes language to the effect that allowances obtained through trading, joint
implementation and the Clean Development Mechanism has to be supplemental to domestic action.
Some interpret it to mean that purchases should not exceed half the required emission reductions.
Even this would be ambiguous since it could be argued that this should mean reductions compared
with “business as usual”, which cannot be observed, but which are certainly much greater than the
nominal reductions in the Protocol.
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only redistributes them. Nonetheless, there may be concern that the revenue to be
earned from selling allowances induces countries to understate their actual emissions.

Caps on trading may be argued
on grounds of demonstration

effects...

As an essentially political argument, it is sometimes argued that developing
countries – without whose participation, attempts to reduce global emissions will fail
over the longer term – will be willing to commit themselves to action only if they see
strong domestic action by developed countries. As argued above, this position seems
to reflect a misunderstanding of the role of emission trading. However, if the demon-
stration effect of increased (and costly) domestic action due to restrictions on emis-
sions trading convinces developing countries of the seriousness with which
developed countries take climate change, the longer-term gains from wider participa-
tion may be seen to outweigh the short-term costs of restrictions.18

… or as sanctions A case is also made by some for the use of restrictions on emission trade in the
context of compliance enforcement. Parties to the Protocol who do not respect the
emission limits would not be allowed to sell allowances, though there is no obvious
reason to prevent them buying. It may also make sense to prevent countries from
trading if they do not meet requirements in respect of reporting emission trends and
other technical requirements of the Protocol. However, the threat of withholding the
right to trade allowances may not in itself be sufficiently strong as a mechanism for
enforcing compliance with the Protocol.

The Kyoto targets will achieve
little on their own

The attainment of the Kyoto targets will only be the beginning of what needs to
be an effort sustained over many decades if atmospheric concentrations of green-
house gases are to be stabilised. Without market-based solutions over the longer
term, implementation of the necessary measures seems unlikely. GREEN simulations
estimate that the cost, relative to a “Business as Usual” (BaU) scenario, of maintain-
ing emissions by Annex 1 countries constant at the levels embodied in the Kyoto Pro-
tocol will reach around 1½ per cent of the level of GDP by 2050. This cost may seem
to be small, but the associated impact on atmospheric GHG concentrations would
also be small: at best, this scenario would delay by one decade the time when the
concentration level of 550 ppmv19 is reached, and concentrations would continue to
rise strongly thereafter (Figure V.1). In fact, there is nothing that Annex 1 countries
can do on their own to stabilise concentration levels: even if they reduced their emis-
sions to zero, expected emission growth in the rest of the world would be too high.
Thus, the participation of non-Annex 1 countries is necessary.

Figure V.1 shows concentration levels in the BaU and the scenario with constant
Annex 1 emissions at the Kyoto targets. Two potential global concentration scenarios

18. It is important to note that targets for developing countries need not in general require any absolute
cuts in their emissions for some time, rather it might be sufficient to limit the growth in emissions
below what it would be otherwise.

After 2012

19. Carbon dioxide, parts per million by volume. It is estimated that the level of atmospheric concentra-
tion has increased from around 280 ppmv in pre-industrial times to some 360 ppmv today. A level of
550 ppmv thus represents an approximate doubling of the pre-industrial concentration and has often
been considered as an implicit target for the end of the 21stcentury. The UNFCCC does not specify a
target value, however.
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are also shown which have in common that they require significant participation by
non-Annex 1 countries but which differ as to the implied degree of ambition with
respect to reductions in global emissions.

The future participation of
developing countries is
necessary…

What incentives do non-Annex 1 countries face to accept quantitative emissions
targets? Concern about climate change should be a primary motive, but – depending
on the level of development – may not be a very high priority for many countries.20

Secondly, there are ancillary benefits to reducing GHG emissions – reduced local air
pollution, for example; these may be important, but are difficult to quantify. Thirdly,
by signing up to emissions targets with tradable allowances, countries may find it
beneficial to reduce their emissions and sell surplus allowances to other countries
(the Clean Development Mechanism may be the means by which developing coun-
tries come to recognise these gains). A fourth possibility is that the richer countries
may make side-payments to induce developing countries to contribute to avoiding
climate change, when the other incentives are insufficient.

… on the basis of a – hard to
define – equitable allocation of
rights and responsibilities

The costs for individual countries of meeting a concentration target, as well as
the gains from trade and the size of possible required side-payments, depend
importantly on how emission allowances are distributed among countries. Precisely
because of its influence on costs, this is a contentious issue. To induce participation
of countries ranging from very rich to very poor, some notion of equity will need to
be satisfied. One stylised rule for allocation of emission allowances is equal
per capita emissions, corresponding to the idea that property rights in climate
(change) should be held equally.21 Imposing such an allocation in the short run
would, however, be very costly for current high emitters, so one might aim for
convergence through time towards equal emissions per capita, with the rate of
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20. Non-Annex 1 countries are an extremely heterogeneous group. Space constraints prevent a proper
reflection of this here. One generalisation assumed to hold is that avoidance of climate change is a
“superior good” – the value attached to it is an increasing function of income per head,ceteris paribus.

21. This obviously does not take into account that for reasons ofe.g.climate and geography countries are
not equal to begin with.
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convergence being chosen so as to allow sufficiently gradual adjustment. Based on
a particular convergence rule, the allocation – in the long run – of equal per capita
emission rights was used when simulating the concentration scenarios in
Figure V.1 (the allocation is referred to as “egalitarian”).22 To illustrate the impor-
tance of the allocation of emission allowances for overall costs and the gains from
trade, an alternative stylised allocation rule was investigated, which entails freez-
ing the share of each region in overall emission allowances at its 2010 value
(referred to as “grandfathering”).

Costs clearly increase with the degree of ambition of the emissions constraint
(Figure V.2). In the absence of emission trading, overall (world) costs are lower
when the grandfathering allocation rule is used, while full trading renders the
aggregate world real income loss much less dependent on the distribution of allow-
ances.

22. The method chosen was to allow non-Annex 1 regions’ emissions to grow unconstrained until their
per capita emissions reached the average level of constrained regions. At this point they are given
tradable allowances which subsequently decline in per capita terms.
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Table V.3. Real income gains and losses, 2010-2050, with trading
and transfers to non-Annex 1 countries a

Per cent

OECD Annex 1 Non-Annex 1

Change in real income –1.6 –1.7 1.0
of which:

GDP –0.4 –0.5 –0.4
Emissions trading –0.6 –0.7 1.6
Transfers –0.3 –0.3 0.6
Other –0.3 –0.3 –0.8

Note: Corresponds to the 550 ppmv (parts per million by volume) scenario. Non-Annex 1 regions’ emission allowances
are as described in note 22. Real income change is calculated as an average of the discounted change over the
years 2010-2050, discounted at 3 per cent per annum.

Table V.3Real income gains and losses, 2010-2050, with trading and transfers to
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The role of side-payments can be considered in the context of the most ambi-
tious of these emission scenarios (the “550 ppmv scenario”) which implies a rapid
and substantial reduction in emissions relative to the BaU. With egalitarian bur-
den-sharing and no emission trade, the average annual real income loss in the
period 2010-2050 is almost 2 per cent: 1.5 per cent for Annex 1 countries, over
2 per cent for the rest (on average). With emission trading, total costs are reduced
by half, with non-Annex 1 regions being, on average, better off than in the BaU
scenario. Even with trading, however, some non-Annex 1 regions are worse off. If
Annex 1 countries make transfers to compensate these regions, they would have to
transfer approximately 0.3 per cent of their GDP, with average non-Annex 1
incomes then around 1 per cent higher than in the BaU scenario (Table V.3). The
average annual real income loss in OECD countries over 50 years remains under
2 per cent, however.

Some climate change seems
likely to occur…

Preceding sections have discussed the costs of action to reduce GHG emissions
and thereby to limit climate change. Unfortunately it is difficult with present knowl-
edge to complete the cost-benefit picture by comparing these costs with their benefits
(i.e. the costs of the climate change that would otherwise occur). The costs of climate
change are largely unknown, partly because the likely climate changes themselves
are not easy to predict in sufficient regional and local detail. Even for the broadest of
indicators, global average temperature change, there is quite a wide range of uncer-
tainty attached to the projections by the Intergovernmental Panel on Climate Change
(IPCC): between 1.0 and 3.5º C by the second half of the 21st century if CO2 concen-
trations double, itself an uncertain assumption.

… though its consequences are
uncertain…

Temperature changes and, probably more importantly, changes in the quantity
and distribution of precipitation will certainly have economic consequences. There
are no robust estimates of the economic costs, however.23 For most OECD regions
the usually quoted estimates are for losses of between 1 and 2 per cent of GDP
(Fankhauseret al., 1998). Higher figures, up to 8 per cent, are obtained for some
non-OECD regions.

Even if these estimates for the OECD area may not seem enormous, there are a
number of reasons for continuing to work for GHG reduction policies. First, most
estimates are for the costs of climate change that will probably occur anyway (if the
consensus scientific forecasts are reasonably accurate), even if quite successful emis-
sion reduction policies are introduced. In the absence of such policies, changes would
be larger and probably continue for several centuries, and the damage may well
increase much more than proportionately. Secondly, even narrow self-interest implies
that OECD countries should be concerned about severe consequences of climate
change in developing countries, as these may exacerbate tensions due to migration
pressures and water scarcities, for example. And self-interest was not the motivation
behind the UNFCCC, which expresses explicit solidarity with countries that may be

Climate change: prevention and adaptation

23. See IPCC (1996) and OECD (1999a).
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worst hit by climate change. Thirdly, the ancillary benefits of actions to reduce GHG
emissions may be quite substantial, although little quantification of them is available
at present.24

… which is an independent
reason to reduce emissions

Finally, GHG reduction policies should also be motivated by precaution. The
process of climate change is not sufficiently well understood. There may be disconti-
nuities that could generate very severe outcomes,25 and it is also possible that very lit-
tle would happen to the climate. But expenditure that could reduce the risk of severe
outcomes may be worthwhile, even if it did little to alter the average “expected” out-
come. While this is obviously true in principle, there is at the moment little informa-
tion to guide decisions on just how much weight to attach to this precautionary
principle and how much mitigation effort it justifies.

Adaptation will also be
necessary

Since climate change cannot be prevented entirely, it will be necessary to adapt
to it. The necessary adaptation may not be very onerous – as elsewhere, research is
needed to narrow the range of possibilities that needs to be considered. The likely
rate of climate change may mean that it is imperceptible from year to year or even
from decade to decade. Adaptation to climate change may be only a small part of the
changing background to most people’s lives; ensuring that adequate information is
available and allowing market forces to act to reallocate resources will in many cases
be sufficient. However, long-term planning will be necessary in land-use policy, par-
ticularly in low-lying coastal areas or inland flood plains. Water supply infrastructure
may also need to anticipate possible climate change effects, whether changes in over-
all quantities of precipitation or, as seems likely, increased seasonal variation and
possibly greater frequency of both storms and dry periods. This may also have impli-
cations for urban planning. Decisions on the location of new developments now can
have implications many decades ahead in terms of vulnerability to water shortages or
to flooding.26

OECD analysis undertaken since COP4 illustrates the challenges of complying
with the Kyoto targets. Relative to a “Business as Usual” scenario, the targets may
imply reductions in GHG emissions of some 30 per cent. Developments in the first
half of the 1990s have implied in most countries a further increase in emissions rela-
tive to 1990 levels – the base year of the Kyoto targets. Few of the domestic measures
necessary to contribute to reaching these emission targets are in place today.

International emission trading can make a big contribution to reducing overall
abatement costs, and efforts need to be made to resolve the differences that exist over
how it should be implemented. The considerable attention given to this subject
should not, however, divert policymakers from the need to start domestic action.

24. Reducing GHG emissions may not be the only, or the most efficient, way to achieve benefits such as
reduced local air pollution.

25. Two remote possibilities are:i) a collapse of part of the Antarctic ice-shelf, that could lead to rises in
sea levels of several metres over a period of decades (central predictions are for around 0.5 metre over
the next century); andii ) a cessation, or severe weakening, of the North Atlantic ocean circulation (the
Gulf Stream) that gives western Europe its relatively mild climate.

26. Urban planning, through its impact on transport choices, can also affect GHG policy itself.

Conclusion
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Indeed, if too many countries expect to be able to meet their target through buying
emission allowances in the future market for permits, the overall abatement effort
may be insufficient and they risk being faced with unexpectedly high permit prices.
Continuing work on improving the timeliness of emissions data, and on modelling its
links with economic activity, should improve the accuracy of forecasts of emissions
to reduce this risk.

In the longer run, OECD emissions need to fall substantially and developing
country emissions growth needs to be limited. Negotiating country allocations of
emission allowances, which will amount to a form of wealth, will be difficult. It will
likely require explicit consideration of equity, rights and responsibilities, and of the
possibility of providing direct financial inducements to some countries.

Regardless of the success of measures to restrict emissions, adaptation to some
degree of climate change is likely to be necessary. More attention should be paid to
the long-term implications of current decisions and, in particular, to the needs of the
most vulnerable countries.
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