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The Kyoto Protocol, negotiated in December 1997, is the first international treaty to limit emissions of green-
house gases. But Kyoto does not mark the conclusion to international cooperation on climate change. It is

really just a beginning. This paper shows that, in the aggregate, the benefits of undertaking the Kyoto reduc-
tions should exceed the corresponding costs—provided these are achieved cost-effectively. But, although Kyoto
seeks to promote cost-effectiveness, it may yet prove very costly. Moreover, the agreement may not even achieve
the reductions that it promises, either because emissions will relocate to the countries that are not required to
stay within Kyoto-prescribed ceilings or because “paper’ trades will be promoted by the protocol's mecha-

nisms. More fundamentally, Kyoto does not deter non-compliance, and it only weakly deters non-participation.
These flaws need to be mended, but the nature of the problem makes that an especially difficult task.

[. INTRODUCTION must be met. And though global emissions will
continue torise, evenifthe protocol isimplemented
The Kyoto Protocol, negotiated in December 19910 the letter, the reduction from a business-as-usual
is a climate change treaty with a difference. Unlikemissions bench-mark may be close to being opti-
the Framework Convention on Climate Change thatal in the sense of balancing the global marginal
preceded it, the Kyoto Protocol incorporates target®sts and benefits of abatement. Assuming full
and timetables—that s, ceilings on the emissions pérticipation and cost-effective implementation, a
greenhouse gases and dates by which these ceilingment study by the Clinton Administration esti-

1 This paper began to form in my mind at the NBER—Yale Global Change Workshop in Snowmass, Colorado, where | was able
to learn from, and put my questions to, some of the leading economists working on this issue. | am grateful to all gnr&particip
for sharing their ideas, and especially to Charles Kolstad, William Nordhaus, and Robert Stavins for inviting me to garticipate
the workshop. | am also grateful to Wilfred Beckerman, Dieter Helm, Tim Jenkinson, Chris Riley, Stephen Smith, Robert Stavins,
Peter Zapfel, and an anonymous referee for helpful comments on an earlier draft. David Pearce also provided helpful comments
at a seminar presentation.
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mated the marginal cost of meeting the Kyotagreement will never enter into force. In July 1997,
targets to range from $14 to $23/ton (Clinton Adthe United States Senate voted 95-0 in favour of a
ministration, 1998). Most estimates of the globaton-binding resolution urging the President of the
marginal damage of greenhouse gas emissions &heited States not to negotiate an agreement that
of a similar magnitude (see IPCC, 1996, ch. 6), amdquired that only the industrial countries reduce
so it would seem that the Kyoto Protocol is a nedhneir greenhouse-gas emissions or that would result
ideal outcome for the world. in serious harm to the US economy, where by
‘serious harm’ the Senate meant, in the words of
Butthisis only if the assumptions behind the ClintoBenator Robert Byrd, a co-author of the resolution,
Administration’s estimates are correct: that partictcapital flight and aloss of jobs in the United States’.
pation inthe agreement will be fulland implementafhis is important because the Senate must ratify (by
tion cost-effective. A number of features of the two-thirds majority) any treaty thatis to be binding
Protocol will promote cost-effective implementa-on the United States, and an effective climate-
tion, including provisions for trading in the entitle-change treaty is sure to require US participation.
ments to emit greenhouse gases. However, thoughere are many reasons for this, but perhaps the
the details of the flexible mechanisms incorporatemhost obvious is that United States is the world’s
in Kyoto have yetto be worked out, implementatiotargest emitter. Its emissions are about 50 per cent
may turn out to be very costly, not least becausegher than the entire emissions of the European
participation is unlikely to be full. The marginal costUnion.
of implementing Kyoto could be ten times the
estimates noted above. Moreover, the reduction rhe Clinton Administration previously endorsed the
emissions effected by Kyoto could be less than theinciple that the industrial countries should reduce
amount promised because of ‘trade leakage’. Itheir emissionsfirst, and could not easily reverse out
deed, since leakage will be greater the greater afthis promise in Kyoto. And nor was Europe keen
the between-country differences in marginal costen relaxing the so-called Berlin Mandate. So the
the same forces causing costs to be higher widgreement reached in Kyoto clashed with the Sen-
cause benefits to be lower. The Kyoto Protocol maate’s recommendation that developing countries
turn out not be such a good deal after all. reduce their emissions (whether implementation of
the Protocol will be costly to the United States is a
Worse, the agreement may not even be sustainatj@estion requiring some analysis, and | shall return
and not just because high implementation costs it later). Of course, the Senate could have been
could impel the parties to renegotiate the treaty. Fbluffing, perhapsin the hope thatits resolution would
another potential problem stalks Kyoto: compliancgive President Clinton an edge in the Kyoto negotia-
enforcement and free-rider deterrence. The Prottiens. Indeed, during the debate on the resolution,
col defers discussion of enforcement to a futurenator Byrd said that the resolution would ‘add
meeting of the parties, but it is sensible to ask: whatrength to our US negotiating team’. But just after
would happen if in, say, 10 years’ time, one of ththe negotiations ended in Kyoto, a number of sena-
parties to the agreement announces thatit will not bars asked that the treaty come to the Senate floor
able to comply with it? Or suppose, instead, thatfar ratification so that they could reject it. President
party announces that it will withdraw from theClinton has since said that he would not send the
agreement, because the costs of meeting it are toeaty to the Senate without ‘meaningful participa-
steep. What will prevent such a withdrawal? Théon from key developing countries’.
treaty, at least in its present form, offers little
protection from such deviations. And this is not judf the United States does not ratify the treaty, it is
a problem for the future. Countries can reasgpossible thatthe agreementwill stillcome into force.
backwards. If future deviations cannot be prefo enter into law, and therefore to become binding
vented, why should a country invest in abatemenh the countries that are parties to it (but not other
measures today? countries), the Protocol must be ratified by at least
55 countries, responsible for at least 55 per cent of
Even this may not be the worst of the Protocol'the total carbon-dioxide emissions of the so-called
problems. Itis possible, maybe even likely, that thé&nnex I countries (the industrial countries listed in
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Table 1
Status of the Kyoto Protocol

Annex | CQ emissions Share of Annex | Kyoto target  Projected emissions
countries 1990 1990 emissions 2008-12 2000
(gigagrams) (%) (% relative to 1990
or alternative base year)
United States 4,957,022 36.00 93 104
European Union* 3,288,667 24.05 92 103
Austria* 59,200 0.43 92 111
Belgium* 114,410 0.84 92 n.a.
Denmark* 52,025 0.38 92 103
Finland* 53,900 0.39 92 131
France* 366,536 2.68 92 109
Germany* 1,014,155 7.42 92 90
Greece* 82,100 0.60 92 115
I[reland* 30,719 0.22 92 120
Italy* 428,941 3.14 92 113
Luxembourg* 11,343 0.08 92 67
Netherlands* 167,600 1.23 92 92
Portugal* 42,148 0.31 92 129
Spain* 227,322 1.66 92 122
Sweden* 61,256 0.45 92 104
UK* 577,012 422 92 102
Australia* 288,965 2.11 108 115
Canada* 462,643 3.38 94 110
Iceland 2,172 0.02 110 105
Japan* 1,155,000 8.45 94 104
New Zealand* 25,476 0.19 100 116
Norway* 35,514 0.26 101 111
Switzerland* 45,070 0.33 92 97
Liechtenstein 208 n.a. 92 118
Monaco n.a. n.a. 92 n.a.
Economiesin Transition3,364,259 24.60 103 81
Alternative base year 3,531,476 — 98 77
Bulgaria* 1990 82,990 0.61 107 84
1988 96,878 — 92 72
Czech Republic 165,792 1.21 92 82
Estonia 37,797 0.28 92 54
Hungary 1990 71,673 0.52 110 96
1985-7 83,676 — 94 82
Latvia 22,976 0.17 92 74
Lithuania* n.a. n.a. 92 n.a.
Poland* 1990 414,930 3.03 108 96
1988 478,880 — 94 83
Romania 1990 171,103 1.25 107 n.a.
1989 198,479 - 92 n.a.
Russian Federation 2,388,720 17.47 100 83
Ukraine n.a. n.a. 100 n.a.
Slovakia 58,278 0.43 92 84
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Table 1 (continued)

Annex | CQ emissions Share of Annex | Kyoto target Projected emissions
countries 1990 1990 emissions 2008-12 2000
(gigagrams) (%) (% relative to 1990
or alternative base year)
Croatia n.a. n.a. 95 n.a.
Slovenia n.a. n.a. 92 n.a.
Total 1990 13,675,067 100 95 98
Total base 13,842,284 — 94 97

Notes Two Annex | countries (Belarus and Turkey) are excluded from the table, as they are not included
in Annex B of the Kyoto Protocol. Four other countries (Liechtenstein, Monaco, Croatia, and Slovenia) are
included in Annex B but not in Annex |. *Indicates that the country is a signatory to the Kyoto Protocol,
as of 23 October 1998. C@missions exclude land-use change and forestry.

Source All data are from the web page of the Climate Change Secretariat, http://www.unfcc.de.

the original Framework Convention) in 1990. Adrading arrangements (explained later in the paper).
shown in Table 1, the United States accounts fiithus seems likely thatmany Annex | countries will
only 36 per cent of Annex | emissions. So, if enougawait US ratification before serving the Kyoto
of the countries making up the balance of AnnexRrotocol up to their own parliaments. This means
emissions ratify the agreement, Kyoto will still entethat, if the USA does not ratify the agreement, then
the canon of climate law. it may not enter into force.

As of October 1998, 59 countries had signed th&hy should countries negotiate a treaty that could
Protocol, including the 15 member states of thieave themworse off, or that may never even enterinto
European Union and nine other Annex | countrieisternational law? The scenario seems unlikely, but it
(signatories are identified in Table 1 by an asteriskis entirely in keeping with the history of climate-change
These signatories make up just over 42 per centpdlicy. As described in section kountries have
total Annex | emissions, and so the minimum particpreviously announced their intention to keep within
pation required by the treaty would seem to bgelf-imposed emission ceilings—and then failed to
within easy reach. But putting a signature on a treayeet them. Moreover, the Kyoto Protocol is not
does not obligate a country to ratify and, as afnique in the annals of international cooperation.
October 1998, only one country has ratified th&he Law ofthe Sea Convention, negotiatedin 1982,
Kyoto Protocol (though thisinitself signifies nothingdid not enter into force until 1994—and participation
asthe treaty was only recently negotiated): the smaly the major maritime powers, including the United
island state, Fiji. States and United Kingdom, had to await negotia-
tion of a side agreement which effectively rewrote
Ratification by the current signatories is not inevitakey provisions in the original treaty.
ble. If the USA does not ratify the agreement, the
other Annex | countries will benefit less fromOf course, predicting whether Kyoto will endure, or
participating; these countries will have to undertakehether it will achieve much if implemented, de-
the emission reductions prescribed by the treapends on many details. It depends, especially, on
(and shown in column 3 of Table 1) without theassumptions about how the important concepts in
benefit of substantial US abatement. It is evethe agreement will be interpreted, about the institu-
possible that non-participation by the USA willtions that will be developed to support it, about the
increasethe cost to these countries of keepingosts oftaking action, and about the future evolution
within their Kyoto limits, because of the treaty’sof the treaty. All these details are uncertain. They

2 Just as itis hard to imagine a Gulf War coalition forming without the support of the United States, so it is hard torsee how a
effective climate-change regime could develop without American backing.
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are discussed in my analysis of the agreement émdured. It is perhaps the most important feature of
section IlI. the Kyoto Protocol.

Inthe long run, whether or not Kyoto enters into laun the same year that this conference was held, the
will not matter very much. If the Protocol fails tolntergovernmental Panel on Climate Change (IPCC)
become law, countries will attempt to renegotiatevas formed, at the request of the UN General
the agreement. If Kyoto does enter into law but laté&xssembly. The IPCC was asked to report on what
collapses for whatever reason, a new agreememas known and not known about climate change, on
can always be negotiated. Even if Kyoto sudhe potentialimpacts of climate change, and on what
ceeds—if it enters into law and is implemented toould be done to forestall and adapt to climate
the last detail—a string of amendments will need tchange. The IPCC'’s first assessment report, pub-
be negotiated, to say what must be done after 201i8hed in 1990, concluded that ‘emissions resulting
Kyoto is really just the start of a long process, anflom human activities are substantially increasing
it must be remembered that climate change is a vahe atmospheric concentrations of the greenhouse
long-run problem. What will matter most in thegases . . . [and] will enhance the greenhouse effect,
future is whether countries perceive that substantigdsulting on average in an additional warming of the
mitigation is justified, and whether the internationakarth’s surface’ (IPCC, 1990, p. 1). The report
system can muster the cooperation needed to suatculated that ‘the long-lived gases [including,CO
tain this effort. | turn to these fundamental issues imould require immediate reductions in emissions
section IV. The final section of the paper pulls theseom human activities of over 60 per centto stabilize
different analyses together and revisits the themetbieir concentrations at today’s levels’, and it pre-
this introduction. dicted that, under the ‘Business-as-Usual’ scenario,
global mean temperature would rise by between
0.2C and 0.5C, and mean global sea level would

[I. GETTING TOKYOTO rise by between 3 and 10cm, per decade during the
next century. Rather ominously, the IPCC noted
(i) Preliminaries that ‘the complexity of the system means that we

cannot rule out surprises’.
The so-called greenhouse gases include not only
carbon dioxide (C(), but also methane, nitrous.. .
oxide,quorocarbong(incIuding hydrofluorocarbonéu) Unilateral Pledges
and perfluorocarbons), tropospheric ozone (precufollowing publication of the IPCC’s 1990 report, a
sors of which include nitrogen oxides, non-methangumber of OECD countries announced intentions to
hydrocarbons, and carbon monoxide), and sulphtgduce their COemissions. Some pledged to meet
hexafluoride’ However, CQaccounts for the bulk the Toronto target (Austria, Denmark, Italy, Lux-
of aggregate warming potential and, mainly for thismbourg; New Zealand pledged that it would do so
reason, the policy debate has focused on the extegt 2000 rather than 2005). Some set a goal of
to which emissions of this gas should be limited. Istabilizing their CQemissions at the 1989 level by
1988, a semi-political conference held in Toront@000 (Norway) or atthe 1990 level by 2000 (Finland,
recommended that, as a first step,,@issions Switzerland, United Kingdom) or to reduce emis-
should be reduced 20 per cent from the 1988 levsibns 3-5 per cent by 2000 (The Netherlands).
by 2005. This so-called ‘Toronto target’ was arbiGermany, helped by unification, set the most ambi-
trary, but the idea that countries should commit tdous target: to reduce G@missions 25-30 per
meeting a target for emission reduction (as opposednt from the 1987 level by 2005. Australia pledged
to, say, a carbon tax or a technology standard) h@sreduce its emissions of all greenhouse gases not

3 Other halocarbons, including chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs), are also potentially
importantfrom the policy perspective, but are being controlled by the Montreal Protocol and its associated amendments. Moreove
itis now known that the direct warming effect of these gasesis partly offset by a cooling effect caused by the retfatbisptinsc
ozone.

4 The International Energy Agency (1992) has compiled a comprehensive listing of climate-change policies, and | am drawing
here from this report.
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controlled under the Montreal Protocol (that ismneetingit. A collective policy for meeting the target
excluding CFCs and HCFCs), while other countriewas needed. The European Commission proposed
(Canada and the United States among them) semnaeting the target by means of an energy conserva-
target of stabilizing the emissions of all greenhoug®n programme coupled with a fiscal measure, a
gases, including those covered by the Montreahrbon tax. The tax, which was to be set at a rate
Protocol. France and Japan pledged to stabilize theguivalent to $3 per barrel of oil, rising over time to
CO, emissions at the 1990 level by 2000 but only 0§10 per barrel, would probably have been enough to
aper-capita basis (allowing emissions to increasem&et the stabilization target (see Barrett, 1992). But
populationincreased). Spain, arelatively poor OECID May 1992, shortly before the Rio Earth Summit
member, set the goal of limiting its growth in COconvened, the Community announced a number of
emissions to 25 per cent. Finally, some countrigsodifications to the original tax proposal.
merely promised to play a part in achieving a
collective target. In October 1990 the Europeaihe first of these was to supplement the carbon tax
Community (EC) announced its intention to stabilizevith an energy tax (the combined tax would be
Community-wide emissions at the 1990 level bgquivalent to the per-barrel tax noted above). Os-
2000, a target to which all its member states wetensibly, the intention was not just to reduce carbon-
collectively bound. Members of the European Fregioxide emissions but also to conserve energy. But
Trade Association, including Iceland and Swedemhe real reason was to dilute the advantage that a
were in turn bound by a separate agreement joingyire carbon tax would give nuclear energy and
to meet the EC target. countries with high shares of nuclear electricity
generation (such as Belgium and France). A second
All this may give the impression that much wasnodification was to exempt the main energy-using
being done, but the reality was different. Fevindustries from having to pay the tax. This was to
countries putinto place policies that would contribstop these industries from suffering a ‘competitive
ute to their targets being met, and there seemed litlssadvantage’, relative to non-EC countries. The
need to do so. For some of these targets wefiral modification was to make implementation of
intended merely as goals, while others were condhe EC tax conditional on other OECD countries
tional on other countries taking similar action (thigespecially the United States and Japan) adopting
was true of Britain, for example, under the Thatchéhe same tax. As the chances of this were nil, this
government). Though New Zealand set for itself ameant that Europe was not prepared to implement
ambitious goal of reducing its C@missions 20 per the policy needed to achieve its own target.
cent from the 1990 level by 2000, it simultaneously
insisted that any policy adopted should have a ngii) To Rio
benefit for New Zealand. Several countries claimed
to be ‘committed’ to achieving a particular emissioiThe Community’s policy was being mapped out just
ceiling, but none truly was committed. If a countryas negotiations on the Framework Convention on
learned later that its interests would be badly servé&limate Change were coming to a close. Through-
by meeting its target, then there would be nothing tut these negotiations, Europe tried to persuade the
stopitfromfailing to meetit. Indeed, it would be hardJnited States to fix a date for stabilizing its CO
to argue that a country would even be morally bourehmissions. The United States refused, however, and
to meet a target which it had set for itself, especialthe final text of the Framework Convention, which
when other countries were at the same time failingas signed by over 150 countries at the Rio Earth
to meettheir targets. Summitin June 1992, did not commit any signatories
to meeting specific targets and timetables (contrary
The EC's climate policy was especially importantio reports one often reads in the newspapers).
partly because of the Community’s relatively larg@rticle 4 says that developed country parties recog-
share of global emissions and partly because of thize ‘that the return by the end of the present decade
way the Community’s target was framed. When th® earlier levels of anthropogenic emissions of car-
target was agreed in 1990, no decision was madetam dioxide and other greenhouse gases’ would be
to how it would be met, and as it was a collectivdesirable. It also says that these parties should
target, no country was individually responsible fodevise policies ‘with the aim of returning individually
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or jointly to their 1990 levels of these anthropogeniand 2020. These quantitative ceilings were to be
emissions’. Butin contrast to the Kyoto Protocol, necluded in a new protocol that might be ready for
country was required by the Framework Conversigning by the end of 1997. Importantly, developing
tion to meet any particular target by any particulazountries were not expected to limit their emissions.
date. Indeed, itwas precisely for this reason that tHiswas this differential treatment of industrialized
agreement was ratified by so many countries arahd developing nations inthe so-called ‘Berlin man-
came into force so quickly (in December 1993). date’ that the US Senate later objected to and that
ultimately came to be embodied in the Kyoto Proto-

(iv) After Rio col.

The IPCC revised its earlier predictions in 1993fis as well to recall, however, that at this time most
partly to take account of the effect of aerosols otountries had still not devised, let alone imple-
radiative forcing. Aerosols are tiny airborne partimented, effective policies for meeting the targets
cles, released when fossil fuels are burned, atiiey had set unilaterally years before. Some coun-
result in a local cooling effect (unlike some greertries, including Norway and Finland, conceded that
house gases, which can persist in the atmosphéiey did not expect to meet their targets (Grubb,
for decades, even centuries, aerosols have an H#95), despite having imposed hefty carbon taxes.
mospheric lifetime of about a week). Once aerosolhe few countries that did expect to meet their
were included in the climate models, the IPC@argets were only able to do so for reasons of
predicted more modest change: anincrease in gloffaituitous circumstance (in Britain, the ‘dash for
mean temperature of about 0.14-0@2®er dec- gas’;in Germany, unification), notdetermined policy.
ade, as compared with an increase of 0.1620.36Mostimportantly, the European Union (EU) signally
per decade when the effects of greenhouse gasaited to devise a policy sure of meeting its ‘commit-
alone were considered. Aerosols were also preient’ to stabilize emissions at the 1990 level. In a
dicted to limit mean sealevel rise to about 2—8cm platter to the chairman of the European Parliament’s
decade. environment committee, leaked on the eve of the
Berlin conference, Jacques Santer, the President of
Though inclusion of aerosols lowered slightly théhe European Commission, conceded that ‘a single
predicted consequence of climate change, it altax . . . applicable in all member states [was] no
increased confidence in the estimates of climatenger conceivable®. At the same time, the Com-
models. When aerosols were included, the presission had not developed an alternative collective
dicted changes accorded better with the historicpblicy for meeting the EU’s target. Evidence sup-
record. Partly for this reason, the IPCC (1995, p. 2pJied to the European Commission suggested that at
was able to warn that, ‘the balance of evideno®ost three of the EU’s 15 member states would
suggests that there is a discernible human influeng&bilize their own CQemissions at the 1990 level
on global climate’. Still, even today the science afy 2000° And, yet, when Europe’s diplomats headed
climate change is riddled with uncertainties: aboudor Kyoto, they were hoping to tighten up on the
the extent and timing of climate change; abowgarlier targets, to secure an agreement that would
regional variations; about whether small changes ierduce emissions (of the three main gases, carbon
atmospheric concentrations could, beyond sonsioxide, methane, and nitrous oxide) 7.5 per cent by
point, trigger a discontinuous change in some impa2005 and 15 per cent by 2010.
tant climate feature.

. lll. ANALYSIS OF THE KYOTO
(v) From Berlin to Kyoto AGREEMENT
At the first Conference of the Parties to the Frame-

work Convention, held in Berlin in 1995, the indusAs noted in the Introduction, the Kyoto Protocol
trialized parties agreed to negotiate emission limigpecifies maximum emission levels for the so-called

within specified time frames, such as 2005, 201@nnex | countries (see Table 1), and dates by which

> The Europeanl7-23 March 1995, p. 1.
5 Ibid.
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these ceilings (calculated relative to 1990 emissigrerhaps much more. Shifting more abatementwould
levels) must be met. Just as significant, the emisave even more money (though of course the
sions of developing countries are entirely uncormmarginal cost saving will fall as more abatement is
strained by the protocol. These twin features fulfghifted). Total costs will, of course, be minimized
the promise made at the First Conference of tiwehere the marginal cost of abatement is every-
Parties in Berlin in 1995, and in this sense madehere equal.
Kyoto a success. Ultimately, however, whether
Kyoto succeeds will depend on how it becomeAs noted earlier, estimates prepared by the Clinton
implemented, and especially on whetherimplemeidministration suggest that a cost-effective agree-
tation can be made cost-effective. ment—that is, an agreement which reduced global
emissions by the same amount as required by the
A variety of so-called ‘flexible mechanisms’ areKyoto Protocol, but which did so by distributing the
built into Kyoto, and they have theotential of burden of abatement such that marginal costs were
supporting a cost-effective final allocation of cli-everywhere equal—could lower marginal costs to
mate-change mitigation. It is hard to say, howevearound $14—-23 per ton, about one-tenth the level
to what extent this potential will be realized. Thehat would be needed to implement the individual
data are sketchy in places and analyses of soemission ceilings in the protocol. This is a huge
features of the agreement have not yet been unddifference, and one that is reflected also in other
taken. Much will also depend on how the flexiblestudies. For example, Nordhaus and Boyer (1998)
mechanisms take shape and how countries devisgtimate the marginal cost of a cost-effective Kyoto
their own policies. We can say something abotRrotocol to be $11/ton in 2010. Manne and Richels
certain bench-mark cases, and problem areas d®98) obtain a much higher figure—$70/ton in
be pointed out. Butthat is about as far as our analy2B810—but one that is still low in comparison with
can go. It happens, however, that this is enoughtioeir estimate of marginal costs when the Kyoto
support the warning that introduced this paper. Protocol targets are met exactly.

Estimates of reductions in total costs are of a similar
relative magnitude. According to the Clinton Ad-
Suppose that the limits negotiated in Kyoto werginistration’s analysis, the total cost to the USA of
met exactly, with no potential for arbitrage acrossnplementing Kyoto could be just $7—12 billion per
countries. That is, suppose that the EU kept itear, if the agreement is implemented cost-effec-
emissions to 92 per cent of its 1990 level, that tHevely, but perhaps ten times as large otherwise.
USA limited its emissions to 93 per cent of its 199Manne and Richels (1998) predict that cost-effec-
level, that China emitted as much as it pleased, atide implementation of Kyoto would cost the USA
so on. Then the marginal cost of climate-changground $20 billion or 0.25 per cent of GDP in 2010,
mitigation would vary from country to country. Itbut perhaps four times as much if implemented
would be zero in China, where emissions weneithout trading. (Would this cause ‘serious harm’ to
unconstrained (and growing rapidly), and high ithe US economy? Ask the Senate.) Nordhaus and
Europe and the United States. How high? Accordoyer (1998) estimate that the total cost of imple-
ing to one study (Nordhaus and Boyer, 1998), thaeenting Kyoto without trading (in present value
marginal cost ofimplementing the individual targetéerms) would be about seven times the cost-effec-
in the protocol could be $125 per ton of carbon biwe level.

around 2010. Another study (Manne and Richels,

1998) predicts that marginal costs could be $240 pBuit this is to compare extremes. As detailed below,
ton of carbon in 2010. This difference in marginathe Kyoto Protocol offers a number of mechanisms
cost ($0 in the developing countries compared fatended to lower total implementation costs. As
$125 or $240inthe OECD countries) inturnimpliealso explained, these mechanisms will not work
that the total cost of achieving any given emissioperfectly, and so will not mimic the cost-effective
ceiling will be excessive. Shifting just one ton obutcome. The costs of implementing Kyoto are
abatement from the OECD countries to the devdikely to lie somewhere between the bench-marks
oping countries would save the world at least $10Qjven above.

(i) Cost Implications of the Emission Limits
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Note, however, that we cannot even be sure of thisheric concentrations of G@t much lower costs
For example, the estimates of marginal and totian reducing emissions of greenhouse gases result-
costs given above assume that domestic implemeng from industrial activity.” Atthe margin, assuming
tation by every nation is cost-effective—that thehat only abatement of gross emissions is under-
marginal costs of abatement are everywhere equaken, this must surely be right. However, Stavins
within each country. This is unlikely to happen. Itig1998) finds that the marginal cost of carbon
certainly not a feature of most environmental polisequestration rises steeply—more steeply than mar-
cies that have been adopted in the past. The carlginal gross abatement costs for the United States.
taxes adopted by most Nordic countries, for exan$o the aggregate cost savings from carbon seques-
ple, vary by sector, with households having to payation may not be all that large.
more than industry (partly out of a concern for trade
leakage). Until we know the policies that countrieMeasurement problems are also bound to be rife.
will develop to meet their targets—and these havehe Protocol insists that the changes in net emis-
not been spelled out yet—we will not know howsions be ‘measured as verifiable changes in carbon
costly it will be to meet the Kyoto targets. stocks’, but such changes cannot be measured with
the same precision as the carbon emissions resulting
from fossil fuel consumption. And how is one to
interpret whether an action constitutes a ‘direct
Net emissions targets human-induced land-use change’? Would the re-
The extent of climate change will depend on atmosent fires in Indonesia count? Settling these matters
pheric concentrations (though with a lag) of greens a subject of ongoing negotiations.
house gases, and changes in these concentrations
depend on the removal of Cf@dom the atmosphere Comprehensive emissions targets
as well as gross emissions. {L&@moval depends in The Protocol’s netemission limits apply to a bundle
turn on land use: growing trees absorb carbon froaf greenhouse gases and not just carbon dioxide.
the atmosphere; the standing forest stores carbon{lie other gases include methane, nitrous oxide,
burned, trees release carbon back into the atmdsrdrofluorocarbons, perfluorocarbons, and sulphur
phere). So if trees are planted and the standihgxafluoride® These are bundled up with carbon
forest is prevented from being burned, concentrdioxide into an aggregate measure, with the weights
tions will fall (all else being equal), and these activiattached to individual gases reflecting their ‘global
ties should be encouraged just as emissions avarming potentials’. Abatement of a ton of nitrous
discouraged. The emission limits specified in thexide, for example, is equivalent to abatement of
Kyoto Protocol do this. They allow deductions folaround 315 tons of carbon.
‘removals by sinks resulting from direct human-
induced land-use change and forestry activitieShis ‘comprehensive approach’ to climate change
limited to afforestation, reforestation and deforestamnitigation was championed by the Bush Adminis-
tion since 1990'. In other words, the Kyoto targettration, and is to be welcomed. In allowing for trade-
limit netemissions. offs between different types of gases, the total cost
to climate-change mitigation will be lowered.
Will including carbon sinks reduce the costs of
meeting the Kyoto limits substantially? The ClintorBy how much will this mechanism lower costs? |
Administration’s (1998, p. 24) analysis suggests thaave not seen any estimates, though in a statement
it could. ‘Promoting afforestation and reforestabefore the US House of Representativegnet
tion,” the report maintains, ‘may reduce atmosYellen of the Council of Economic Advisers noted

(ii) Flexible and Market Mechanisms

" To be precise, the Protocol allows sinks to play a role in capping emissions. It does not include carbon sinks in the emissions
baseline, with one exception. If a country’s carbon sinks were a net source of greenhouse-gas emissions in 1990 ntiesidtsnet e
from sinks must be incorporated into the baseline.

8 Note that the European Union and Japan sought to limit just three gases. It was the USA that insisted on includingsall six gase

9 Janet Yellen, Statement before the US House of Representatives Committee on Government Reform and Oversight,
Subcommittee on National Economic Growth, Natural Resources, and Regulatory Affairs, 19 May 1998, http://www.state.gov/
www/policy_remarks/1998/980519_yellen_climate.html.
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that ‘a strategy of reducing non-CQ@reenhouse Whether savings like these will ever be realized will
gas emissions by a greater percent thanébils- depend on how the institutions supporting trading
sions could lower emissions permit prices (that islevelop. If the trading arrangements allow a market

marginal costs) by as much as 10 per cent'. to develop which provides ready price discovery
and low transactions costs, then the bulk of these
‘Banking gains will be realized. Otherwise just a fraction,

Kyoto does not require that the emission ceilingserhaps a small fraction, of these gains will be
shown in Table 1 be met every year; it requires onjyocketed.

that they be met by each Annex | party on average

over the 5-year period, 2008-12. Moreover, partidsurope has thus far been suspicious of the concept,
are allowed to carry forward additional reduction®elieving it to be a ploy for letting the United States
to a future control period. That is, if a countryevade its responsibilities. This is a gross misunder-
reduces its emissions by more than required in tlséanding of the problem. As noted befordere

first control period (2008—12), it can ‘bank’ or carryabatement takes place is of no relevance to the
forward the surplus to the next control periodclimate. Absolutely nothing can be gained by mak-
Finally, certified emission reductions, carried ouing the United States or any other country pay more
under the Clean Development Mechanism (CDMhan is necessary for abatement. Indeed, it is not
see below) from 2000 to 2007 can also be carrieyen obvious that the USA would gain dispropor-
forward to the first commitment period, 2008—12tionately from trading. Calculations by McKibleh
This allows Annex | countries to benefit from takingal. (1998) show that Europe would gain more from
early action through the CDM. trading than the United States.

These provisions could be helpful, butthey do notdblot air’ trading

far enough. In particular, Kyoto does not allowOne reason that trading among the Annex | coun-
parties to shift emission reductions toward the furies would lower marginal and total costs is that the
ture—that is, to ‘borrow’ future emission reduc-economies in transition are allowed by Article 3 to
tions. Of course, if abatement is shifted forward, thehoose an alternative base year to 1990 (subject to
benefits of the abatementin present value terms wslbme restrictions). As shown in Table 1, Bulgaria
fall. But costs may fall much more. If abatementisas chosen 1988 as a base year; Hungary, the
rushed (and it will be under the Kyoto timetable)average of 1985-7; Poland, 1988; and Romania,
some of the existing capital stock will have to b&989. The effect is to create a surplus of emission
scrapped before its useful life is up. It would bentitlements that may not be exhausted by economic
cheaper if emission reductions could be effected lgyowth in these countries, even by 2010. Russia
incremental investments. Manne and Richels (1998)ust retain its 1990 base year, but it will still have a
estimate substantial savings to a gradual transitionttage surplus by the year 2000, if the projections
the Kyoto targets, with marginal costs being reshown in Table 1 prove correct (unfortunately,
duced by a factor of ten or more in 2010. projections to 2008—12 are not available).

Emissions trading As long as these emission ceilings do not bite,
Perhaps the most important flexible mechanism imarginal abatement costs in the economies in tran-
the Kyoto agreement is the provision for tradingition will be zero without Annex I trading. Trading,
among the Annex | countries. According to thénowever, will lower costs for all the Annex |
Clinton Administration’s (1998) analysis, this provi-countries for two reasons: first, by redistributing
sion could lower the marginal cost of implementingbatement within the Annex | group of countries,
Kyoto by 72 per cent, and lower the total cost aduch that marginal costs are everywhere equal; and
implementation by 57 per cent, compared with theecond, by relaxing the total constraint on Annex |
bench-mark of meeting the national targets unilateemissions.

ally. Nordhaus and Boyer (1998) obtain a similar

result. By their calculations, the present value totdlo see the importance of this second effect, con-
cost of implementing Kyoto would be reduced 45ider the consequences of trading within a US—
per cent by Annex | trading. Russian umbrella. In the year 2000, the estimates in
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Table 1 suggest that emissions in the USA could najreement would have increased, whereas the Eu-
exceed0.984,957,022=4,610,030 gigagrams withropean economies in transition would still have had
out trading. If the estimates in the table are to kanincentive to participate, so long as their incentive
believed, Russia will easily stay within its limits,compatibility constraints were satisfied.
emittingonly 0.832,388,720=1,982,638 gigagrams
of CG,in 2000. Hence, without trading, total emisJoint implementation
sions for both countries would not exceed 4,610,03he Kyoto Protocol also allows ‘joint implementa-
+ 1,982,638 = 6,592,668 gigagrams. But Russiat®n’ (JI) trades among the Annex | countries.
allowedto emitupto 2,388,720 gigagrams of @O These are bilateral project-based, rather than mar-
2000. So total allowed emissions for both countrideet-based, trades, in which one country receives
under atrading regime are 4,610,030 + 2,388,720emission reduction units’ for undertaking projects
6,998,750 gigagrams. Trading thus eases the totalanother country that reduce net emissions.
constraint on the two countries by 6,998,750 —
6,592,668 = 406,082 gigagramsin 2000. For reasafigrades must be individually negotiated, and so will
that should be obvious, this difference in aggregaéntail transactions costs. These costs will likely be
emissions between the trading and no-trading cagsigh because of the elusive nature of the commodity
is sometimes referred to as ‘hot air’. being traded. JI projects must provide ‘a reduction
in emissions by sources, or an enhancement of
As noted at the bottom of Table 1, the Kyot@semovals by sinks, that sdditional to any that
emission constraints are expected to bind in thveould otherwise occur’ (emphasis added). Calcu-
aggregate, even by the year 2000. Annex | emikating this additional reduction will not be easy,
sions are projected to be 97 per cent of the adjusteelcause of course one is not able to observe the
base-year emissions, whereas Kyoto requires thenissions profile that would have been realized had
they be 94 per cent of this level. However, the ‘hahe trade not taken place. This must instead be
air' released by trading does ease the aggregatéerred. Costly analyses will thus need to be under-
emissions constraint for Annex | emissions. Annetaken. Experience with the emissions trading pro-
[ trading lowers costs partly by lowering total abategramme in the United States suggests that where
ment. transactions costs are high, bilateral trading will be
limited.
Note, however, that though the ‘hot air’ provision
appears to be a loophole, had it not been created=lean development mechanism
had the economies in transition been given tight@he Jl concept is extended to include non-Annex |
emissions constraints—it is likely that the othecountries through the CDM. This allows Annex |
Annex | countries would have insisted that their owoountries to meet their emission ceilings by under-
emission constraints be relaxed. For in reducing thaking projects in developing countries that provide
amount of ‘hot air’, the costs to the other Annex fadditional’ and ‘certified’ emission reductions. The
countries of fulfilling their commitments would CDM is potentially of huge significance, for it
increase. When seen in the context of the negotigrovides the only means within the Kyoto frame-
tions, a bigger problem with the ‘hot air’ provisionwork of shifting abatement toward the non-Annex
may be that it gave away something for nothing. | countries.

Of course, the economies in transition could bButthe CDM has a number of problems. One is that
justified in putting their resources somewhere othétris not obvious whether the CDM would be limited
than in climate-change mitigation (many of these emission reductions or whether it can include
countries are poorer than some non-Annex | cousequestration projects. The provisions for JI explic-
tries). But the other Annex | countries have giveitly allow sequestration projects to be included, but
these economiesore than was needed to makethe CDM article is silent on this question.

their participation incentive compatible. This is not

just a matter of redistributing the gains from coopAn even more important difference is that one of the
eration. Had less been given away, the incentivparties to a CDM transaction will not have its
for the other Annex | countries to participate in themissions capped. Potentially, therefore, the CDM
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could produce only ‘paper’ emission reductiondviost poor countries would have every incentive to
Moreover, as Stavins (198Bwvarns, itis likely that walk away from an agreement that required them to
the least beneficial CDM projects will be adverselyglig into their pockets, and few people would blame
selected by this mechanism. Indeed, the problemtigem for doing so. But if developing countries had
doubly worrying. Not only do developing countriesagreed to be bound by targets, then they would be
have incentives to offer projects that would havable to trade with the Annex | countries and—
been undertaken anyway, but the Annex | countriesibject to appropriate choice of their emission ceil-
have incentives also to select these projects, if theygs—be virtually sure of being better off. An earlier
can be acquired at lower cost (this is just anothdraft of the Protocol allowed developing countries to
manifestation of the free-rider problem). choose, at any time and on a voluntary basis, a level
of emissions control that was appropriate to their
It will therefore be a matter of interest not only to theircumstances, but the provision was subsequently
parties engaging ina CDM transaction but also to atkpunged, apparently at the insistence of Chinaand
other parties whether a transaction really will proindia (see Jacobgt al, 1998). Since inclusion of
vide ‘reductions in emissions that are additional tdeveloping countries in some manner is vital, the
any that would occur in the absence of the certifiematter is sure to be on the agenda of future meetings
project activity’. And itis for this reason, in contraspf the parties.
to the JI provisions, that the emission reductions
resulting from a CDM transaction must be ‘certifiedSupplemental’ trading
by operational entities to be designated by th& further problem is that JI, CDM, and emissions-
Conference of the Parties’. trading transactions are intended to be ‘supplemen-
tal’ to domestic actions, a constraint reaffirmed by
Though necessary, certification will be costly, anthe G8 group of countries meeting in April 1998.
the countries carrying out CDM trades will have té\ccording to aFinancial Timesarticle (6 April
pay for certification (as noted in the Protocol, ‘d998) on the G8 summit, the virtue in this con-
share of the proceeds from certified project activistraintis that it will prevent the leading industrial
ties [will be] used to cover administrative expenses’hations (plus Russia) from being able ‘to evade
Moreover, Kyoto insists that a share of the proceegsinful domestic reductions in greenhouse gas emis-
from CDM trades also be used ‘to assist developirgions’.
country Parties that are particularly vulnerable to
the adverse effects of climate change to meet thdis is a twisted logic. It cannot be good for the
costs of adaptation’. This sounds like a tax. If CDMnvironment. If anything, the restriction on trading,
transactions are taxed, and if transactions costs a@meelevating between-country differences in mar-
high, the volume of CDM trades will be very low. ginal costs, will harm the environment by magnifying
the leakage problem. And it cannot be sure to make
There is no way of knowing by how much costs wildeveloping countries any better off either.
be reduced by the CDM, not least because the
important details have yet to be negotiated. In h&hether this constraint will ever bite, however, is
statement to the US House of Representativemother unknown, for the parties have not defined
however, Janet Yellen offered a guess: what ‘supplemental’ means. If the notion is inter-
o _ preted as being qualitative, then it will easily be
The CDM cannot realistically be expected to yield all thgatisfied, for even with unconstrained trading every

gains of binding targets for developing countries, but i ;
might shave costs by roughly another 20 to 25 per cle_%{mex | country will undertaksomeabatement at

from the reduced costs that result from trading amo o_me._M_ore SErious would be an arbltrary., quanti-
Annex | countries. tative limit on trading. Unfortunately, there is some

support for such a cap, especially in Europe. The
As suggested by this statement, CDM transactioEsiropean Parliament adopted a resolution in Sep-
costs could have been reduced considerably had teenber 1998 calling for ‘an agreement to have a
Kyoto diplomats succeeded in negotiating emissiaguantitative ceiling on the use of flexibility mecha-
limits for the developing countries. The issue is natisms to ensure that the majority of emissions
whether these countries should pay to participateeductions are met domestically’.
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European Union Burden-sharing Agreement

Member state

National target

(%)
Austria -13
Belgium -7.5
Denmark =21
Finland 0
France 0
Germany 21
Greece +25
Ireland +13
ltaly -6.5
Luxembourg -28
Netherlands -6
Portugal +27
Spain +15
Sweden +4
United Kingdom -12.5
Total EU -8

‘Bubbles’ and ‘umbrellas’ brella’ group of trading countries under this article,

Article 4 of the Protocol allows parties to negotiatand itis likely thatinternational trading will beginin
aside agreement, in which they pledge to fulfil thethis way.
Kyoto ceilings jointly. This provision was important
inthat_ itmade it possipleforthe European pniont ii) Non-permanent Emission Caps
negotiate on behalf of its 15 member states in Kyoto.
The emission ceiling shown in Table 1 for theAnother concern about the emission limits in the
European Union is thus an aggregate ceiling. Th¢yoto Protocol is that they are not permanent (as
European side agreement, establishing emissiare the limits in the Montreal Protocol and the US
ceilings for individual member states, was negotsulphur-dioxide trading programme, for example).
ated in September 1998 and resulted in the burdebmission limits for subsequent control periods will
sharing agreement shown in Table 2. be established by future conferences and codified in
future amendments; negotiations of the second
Under the terms of the Kyoto agreement, Europeiisund of limits (thatis, those that apply beginningin
thus treated as a ‘bubble’ (in the jargon of the U3013) are required to begin by 2005, but Kyoto has
emissions-trading programme). As long as the totabthing more to say about these limits.
target for Europe is achieved, each member state is
considered also to be in compliance. HoweveThis matters because many actions to reduce emis-
should the total target not be met, each membsibns involve investments with very long lifetimes.
state is held individually accountable for meeting the&/hether these investments will be worth making
targets it accepted in the side agreement. will depend on the magnitude of future limits. If one
believes that future limits will be very tight, then
Note that the concept need not be confined tong-term carbon-saving investments will appear
Europe. A number of countries (Australia, Canadanore attractive today. If one believes that future
Japan, New Zealand, Russia, Ukraine, and thieits will be slack, then costly carbon-savinginvest-
United States) have discussed setting up an ‘uments will not pass the required hurdle.
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Strategy may also intrude. If a country investeBut there is a deeper reason, too. For suppose that
more in abatement than needed just to meet gachalevelcould beidentified. Then, if parties to the
target in the 2008-12 period, then this may onlggreement pledged to ensure that this level was not
increase the emission reduction that it would have &xceeded, every party would have a strong incen-
meet in the next period. The reason is that, once ttiee to withdraw from the agreement (or not to
costs of the investment have been sunk, the costsirede to it in the first place). The reason is that, if
this country of reducing its emissions in the nexd party withdrew and increased its emissions, the
period will be lower; its bargaining position will remaining parties would have to reduce their emis-
therefore have been compromised. Turning thgons to ensure that the aggregate concentration
argument around, a country might be able to negtarget continued to be met. In a sense, the with-
tiate an easier target for the next control period if drawal would be rewarded. Similarly, if a country
invested less in reducing its abatement costs in theceded to the agreement, the burden of meeting
first control period. the aggregate target would be spread more widely,
and, as a consequence, the original signatories
But it is easy to overstate this problem. Supposeould presumably be allowed to reduce their abate-
Kyoto had imposed permanent emission ceilingsment levels—at the expense of the additional party
Then a different problem would arise: the parties toaving to increase its abatement. Accession would
the protocol would question the credibility of theessentially be punished. An aggregate target thus
ceilings, knowing that the limits could always beexacerbates any incentives that may already exist
renegotiated. If the countries believed that thir countries to free ride. That Kyoto does not
future ceilings were too tight, they would ‘underspecify an aggregate target is a virtue.
invest’ in abatement. Of course, once they had done
S0, the costs of meeting the original limits would b&o, how should the targets reflect damages? Obvi-
higher, and the case for lowering these ceilingsusly, if the concern were with limiting total dam-
would therefore be strengthened. The belief that tlages, then the effect would be the same as just
initial limits were ‘too tight’ would be self-fulfilling. described. However, suppose parties to the agree-
ment were concerned only with maximizing their
own collective pay-off (the difference between
their total benefit and cost of mitigation). Then the
Nordhaus and Boyer (1998, p. 17) question Kyotoiscentives would be better aligned. If a country
choice of emission limits, noting that they do nowithdrew from the agreement, the remaining parties
relate to ‘a particular goal for concentrations, tenwould reduce their abatement (since the aggregate
perature, or damages’. The targets certainly shoutgiarginal damage for the parties to the agreement
take account of damages (see especially section Would fall with the withdrawal); the withdrawal
at the very least they should provide a benefitould be punished. If a country acceded, the coun-
(measured in terms of the damages avoided by ttiees that were already parties to the agreement
mitigation) that exceeds the cost of meeting theould increase their abatement (since the aggre-
targets. But they should not take direct account giaite marginal damage for parties would increase);
concentrations or temperature (even though thelfee accession would be rewardéd.
will be linked to damages).

(iv) Arbitrary Emission Limits

. . (v) Quantities vs Prices
One reason for this is that it is very hard to say by

how much emissions should be limited. For exampl&etting quantitative targets may seem to be the
though the Framework Convention requires thatbvious remedy, and it has been at the forefront of
concentrations be stabilized at ‘a level that wouldegotiations ever since the Toronto conference. But
prevent dangerous anthropogenic interference with has problem& One problem is that the link

the climate system’, no one knows what this level ibetween actions and outcomes, as measured in

10 This is the basic mechanism underlying the self-enforcing agreements studied in Barrett (1994).
1 Hahn (1998) summarizes a number of alternative prescriptions. See also Nordhaus (1998).
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emissions relative to an historical base year, Bnnex Icountries reduce their emissions, compara-
tenuous. Carbon-dioxide emissions were 7 per ceite advantage in the greenhouse-gas-intensive in-
lower in Britain in 1995 compared with 1990, evemustries will shift towards the non-Annex | coun-
though Britain has not adopted a radical policy faries. This trade effect will be reinforced by the
reducing emissions. Similarly, emissions in Gemwworkings of the energy market; as demand for the
many fell 12 per cent between 1990 and 1998arbon-intensive fuelsinthe Annex|countriesfalls,
Emissionsin Bulgaria, the Czech Republic, Estoniayorld prices for these fuels will fall, and consump-
Hungary, Latvia, and Slovakia fell by even more—tion in the non-Annex | countries will therefore
by up to 50 per cent over this same period, withouricrease. Consequently, emissions outside the An-
any of these countries adopting radical climateex | countries will increase; the environmental
change mitigation policies. By contrast, emissions ibenefits of the agreement will be reduced. Poten-
all the countries that imposed carbon taxes in thially, if leakage is strong enough, the agreement
early 1990s (Denmark, Finland, The Netherlandsyould only succeed in redistributing global emis-
Norway, and Sweden) were 4-15 per deigher sions. The effort to negotiate and implement the
in 1995 than in 1990. agreement would have been wasted.

Another problem is uncertainty. There is, of courséjow significanta problemis ‘leakage’? The Clinton
great uncertainty about the magnitude of climatéddministration (1998, p. 72) maintains that, with
change damages. But there is uncertainty also abeost-effective implementation, the Protocol ‘would
the costs of climate-change mitigation, and in kkely have little impact on competitiveness’. Maybe
seminal paper Weitzman (1974) showed that the®. Butifimplementation is not cost-effective—and
latter kind of uncertainty can have important implias | have already explained it could be far from this
cations for the choice of policy instrument (emissiomark—then the consequences could be different.
limit versus carbon tax). If a quantitative limit wereBernsteinet al (1998) find that leakage could be
fixed, marginal costs would be uncertain. If a tagignificant: for every 100 tons of carbon abated by
were fixed, emission reductions would be uncertaithe Annex | countries, non-Annex | emissions could
Weitzman showed that the tax is superior if these 5-10 tons (global emissions would thus fall by
marginal cost curve is steep relative to the marginahly 90-95 tons). Manne and Richels (1998) and
benefit curve. Essentially, the tax ensures th&tordhaus and Boyer (1998) also predict significant
marginal costs and benefits do not differ by muchevels of leakage.

Pizer (1998) has calculated that taxes would Behese levels may not appear high, but they will
much more efficientthan quantity limits for climate-certainly be politically visiblé? Leakage would
change mitigation (in his simulations, the net benefittkamage particular industries, and these will surely
to using the tax are five times the estimate for labby for protection. The Senate resolution drew
guantity control). A combination of policies can daattention to the problem, and the proposed EC
even better (Roberts and Spence, 1976), thougarbon tax was modified partly to take account of
Pizer (1998) finds that a hybrid policy is unlikely tathe concerns voiced by the energy-intensive indus-
improve much on the pure tax scheme in the casetaes about a possible loss in ‘competitiveness’. Itis
climate change. The essential point is that, evenrib surprise that unilateral carbon taxes within coun-
the Kyoto targets were met cost-effectively, atries vary by sector, with industry—and especially
alternative policy thatleaned more in the direction dhe energy-intensive exportindustries—always pay-
controlling marginal costs directly (carbon taxesihg the lowest amount. When the EU burden-
would be even better. sharing rule was being negotiated, a number of
countries (Austria, Denmark, The Netherlands,
Spain, and Finland) wanted to make meeting the
national targets conditional on the introduction of
Because participation in the Kyoto Protocol i€U-wide emissions-control measures. These coun-
not full, there is a potential for ‘leakage’. As theiries were concerned that, as they reduced emis-

(vi) Leakage

2 Previous studies have shown that leakage could be more substantial (IPCC, 1996, ch. 11).
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sions, perhaps by imposing steep carbon taxesHawever, the facts are open to a different interpre-
home, outputin the sectors most highly taxed woutdtion: that

shift elsewhere within the Union. The Danish min-

ister said that, though he accepted that Denmarke8th the high rate of compliance and relative absen_ce of
—21 per cent target was unconditional, Denmamwforcement threats are due not so much to the irrel-

would only be able to achieve —17 per cent withovance of enforcement as to the fact that states are
EU-wide measures being adoptéd avoiding deep cooperation—and the benefits it holds

whenever a prisoners’ dilemma situation exists—because

o ) ) ) ~they are unwilling or unable to pay the costs of enforce-
This links up with a point made in the Introductionment (Downst al, 1996, p. 387).

that concerns about leakage provide another reason

for wanting to encourage trading. In reducing th&his last interpretation may seem cynical and un-

between-country difference in marginal costs, tractonvincing. After all, as we have seen, Kyoto does

ing reduces leakage. Trading therefore lowers cogBive to sustain ‘deep’ cooperation—a treaty that

and increases benefits. imposes a cost measured as a fraction of GDP can
hardly be described as ‘shallow’. But, then again,
Kyoto has not even entered into force yet, let alone

IV. COMPLIANCE ENFORCEMENT been implemented. So we cannot really choose

AND FREE-RIDER DETERRENCE between these different theories.

Assume the best: that enough countries ratify Kyotadeed, it would not even be sensible to choose
that it comes into force and that the flexible mechdoetween them because neither quite gets to the
nisms in Kyoto allow abatement to be cost-effedaeart of the matter. The Chayeses consider the
tive. Then we can ask: Will the parties to Kyotaeed to enforce compliance as being independent of
actually comply with the agreement? Will they stayhe need to deter free-riding—something that they
within the limits prescribed by Tables 1 and 2? dismiss as being of little practical importance. Downs
et al, by contrast, conflate the two problems.
It is a remarkable fact that non-compliance witlCompliance enforcement and free-rider deterrence
international agreements is extremely rare. Andye related problems and should be analysed jointly.
when it does occur, the reason is usually that the
deviant was for some reason unable to complit,is important to note that customary law does
rather than that it chose not to comply. require that states be parties to a treaty. Sovereignty
means that countries are free to choose to partici-
But why do parties comply? One reason is that thgyate in a treaty or not as they please (Barrett, 1990).
are expected to by customary of international laviso if free-riding is to be deterred—if participation in
And itis obvious why custom demands compliance treaty is to be full—then some kind of treaty-based
If states could not be relied upon to act as they saigechanism must provide the rightincentive. It must
they would act, then what would be the point oforrect for the harmful incentives that otherwise
entering into agreements? condemn countries to the fate of the famous prison-
ers’ dilemma.
But does this mean that compliance is not a prob-
lem? If it does, then it should not matter that th8uppose that an agreement exists, that it consists of
Kyoto Protocol does not (yet) include any provisiona certain number of parties, and that it requires that
for punishing non-compliance. As Chayes anthese parties undertake some action. The required
Chayes (1995, pp. 32-3) note, the authority taction (climate-change mitigation) is costly to the
impose sanctions ‘is rarely granted by treaty, rarefyarties that undertake it, but provides a benefit that
used when granted, and likely to be ineffective whea shared by parties and non-parties alike (climate-
used’. So Kyoto’s failure to enforce compliance bghange mitigation is a public good). So each party
sanctions may be an irrelevance. will have an incentive to withdraw from the agree-

13'EU States Agree Kyoto Emissions LimitENDS Environment Daily17 June 1998, http://www.ends.co.uk/subscribers/
envdaily/articles/98061701.html.
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ment, for in doing so each can gain more frorwhat it would do if it withdrew from the agreement.
avoiding steep mitigation costs thanitloses fromitdence, if every signatory is deterred from with-
own small slice of greenhouse-gas abatement. drawing, each also is deterred from not complying.
The binding constraint on international cooperation
If a party is to be deterred from withdrawing—is free-rider deterrence, not compliance enforce-
whichitis entitled to do under international lAw  ment. Once free-riding can be deterred, compliance
thenitwill need to be punished for withdrawing, andgan be enforced free of charge.
punished severely. It will be up to the other parties
tothe agreementtoimpose the punishment, but th&€ge example of the Montreal Protocol is relevant
may be reluctantto do so. The reasonis thatitis vemgre. This agreement, which is phasing out the use
hard to punish a deviant without also harming on®f ozone-depleting chemicals world wide, isamong
self. For example, suppose the punishmentis thatthe great successes of international cooperation. It
the event of one country withdrawing (and thereis also often held up to be a model for future
fore cutting its abatement substantially), the othegreements. Like Kyoto, the Montreal Protocol did
parties reduce their mitigation. Then the countriesot initially incorporate a mechanism for punishing
called upon to impose the punishment will be shootton-compliance; choice of such a mechanism was
ing themselves in the foot, so to speak. The punisto be deferred to a future meeting of the parties. So
ment may not be credible. failure by Kyoto to include a mechanism for en-
forcement might seem not to matter. However,
Letus suppose, however, that a credible punishmehere is a big difference between the two treaties.
can be found to deter some level of free-riding. TheFhe Montreal Protocotid offer incentives for
it can be shown that the same punishment can beuntries to participate in the form of a trade
relied upon to enforce compliance (deter non-consanction between parties and non-parties in the
pliance); see Barrett (1988 The reason is intui- substances controlled by the treaty and in products
tive. Suppose a party contemplates ‘cheating’ acontaining these substances. And this device has
the agreement, perhaps by reducing its emissionssycceeded in making participation in the Montreal
less than required by the agreement. To be deterfébtocol virtually full*® It has also been invoked to
from cheating, it must face a punishment, and trenforce compliance with the agreemé&nivhen
punishment must be sufficiently severe that thgeen in this light, compliance enforcement is a
country is made better off by not cheating. Thproblem for Kyoto because the agreement does not
larger the deviation from compliance, the largeemploy a mechanism to deter free-riding.
must be the punishment which deters non-compli-
ance. But the larger the required punishment, thectually, the minimum participation clause may
larger will be the harm self-inflicted on the countrieprovide some assistance in deterring free-riding.
asked to impose it. If a punishment becomes tatou can think of it this way. Suppose more than 55
large itwill cease to be credible and non-complianaeuntries have ratified the treaty, and Annex |
will not be deterred. participation falls just a tiny bit short of the 55 per
cent minimum required for entry into force. Then, if
Recall, however, that | have assumed that theeme more Annex | country ratifies, and so makes the
exists a credible punishment that can deter (furthar)inimum participation clause bind on all parties, it
withdrawals from the agreement. The worst harwill have a non-marginal effect on the behaviour of
that a signatory could do by not complying would bethers—the other Annex | parties will now have to
for it to choose an emission profile that matchefilfil their obligations under the treaty. This might

4 The Kyoto Protocol allows a party to withdraw 3 years after the Protocol has entered into force for a party, upon giving 1
year's notice.

15 A provision was also made for controlling trade in products made using these substances, but this was never implemented.

6 The biggest challenge to the Montreal Protocol came when Russia declared that it would not be able to comply by 1996. The
Implementation Committee threatened to invoke sanctions—and the combination of this threat and the sweetener of financial
assistance was enough to compel Russia into preparing a plan for eventual compliance. The carrot of financial assistance was
justified, by the way, since the original Montreal Protocol was negotiated by the Soviet Union in 1987, before its cadlapse. Se
Barrett (1998).

36



S. Barrett

just provide the incentive for the marginal ratificaing the agreement. To compound these problems,
tion, and push the treaty over the minimum particdelay in implementing Kyoto will raise the costs of
pation threshold’ sticking to the Kyoto timetable, and so increase the
incentives not to stick to this timetable.
However, this trick is not sure to work—and even
if it did succeed, it provides absolutely no incentiv& he solution to all these problems may seem obvi-
for successivaccessions to the treaty. To see thigus: invoke the kind of sanctions used by the Mon-
notice thatthe next country to ratify will not alter thereal Protocol. However, production of every good
behaviour of the existing parties one little bit. Sowhias implications for greenhouse-gas emissions.
should it accede? The Kyoto Protocol does n@&houldall trade between parties and non-parties be
provide any incentives for more than the minimurbanned? The threat to do so would almost certainly
of participation. This is in sharp contrast to Monnot be credible. Should trade in a select range of
treal, which provides ample incentives for full parproducts be banned? That might be credible, but it
ticipation. might also threaten the stability of the multilateral
trading arrangements. The answers are not obvi-
Let us suppose, however, that Kyoto’s minimunous. But perhaps the questions should be asked (I
participation level is met and that the agreememtas told that the subject never came up in Kyoto).
entersinto force. Could fullimplementation then be
relied upon? The answer is not obvious. Suppose
just one country foresees that it will fail to complyV. SUMMARY
Then it could withdraw from the agreement, upon
giving sufficient notice, and so avoid having tdf there is one lesson to draw from this analysis it is
deviate from the custom of compliance. Of coursehis: the Kyoto Protocol must produce for its parties
its withdrawal would be penalized if it brought aboua favourable benefit—cost ratio or else it will either
the collapse of the agreement, as required by thever enter into law or it will collapse.
minimum participation clause. But the other parties
may not want the agreementto collapse, even takiag | noted in the opening paragraph of this paper, the
as given this country’s withdrawal, perhaps besverall reductions in emissions contained within
cause, having previously sunk money into abatéyoto probably could provide a benefit—cost ratio
ment investments, the cost of sticking with théor the world in excess of one. However, actually
agreement would be low. But if this is true—if arealizing this potential gain will not be easy. The
country cannot expect to be punished for deviatingverall level of abatement prescribed by Kyoto
then every party would have an incentive not to tryvould have to be achieved cost-effectively—and
very hard to comply with the agreement. this will require that abatement be undertaken in
non-Annex | countries. Participation by the non-
A more likely scenario is that a number of countrie8nnex | countries could potentially be achieved
will wait to undertake substantial investments ithrough the Clean Development Mechanism, but
abatement until others have already done so. Tttés would be sufficient only under the most favour-
risk is that, with everyone behaving in this way, thable of assumptions. It seems more likely that
policies and investments needed toimplement Kyo&mmission caps would also need to be negotiated for
will not be made. The Protocol seems to havhe developing countries. Let me repeat here that
anticipated this problem, for it requires that everthis doesotimply that the non-Annex | countries
Annex | party demonstrate progress in achieving itsould need to pay for this abatement themselves.
targetby 2005. But this will not suffice. If enough ofThe reason for broadening participation is not to
these parties have made little progress, then noreglistribute costs so much as to lower the total bill.
can be singled out for having acted unusuallyfhere is an important precedent for this. The Mon-
Anyway, if no penalties can be applied, a lack dfeal Protocol capped emissions of ozone-depleting
progress by all parties, or a large enough numbersidibstances in developing countries, and these coun-
parties, would only provide a reason for renegotiatries did not have to pay to stay within these limits;

" This is what | call a ‘linchpin’ equilibrium. See Barrett (1898
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the ‘incremental costs’ of their compliance wereiding and non-compliance—has not yet come into
paid for by the industrialized countries. view, but it may prove the harder climb.

Achieving a favourable benefit—cost ratio implies
not just that costs must be kept low, but also th®@OST SCRIPT
benefits must be kept high. As noted earlier, lower-
ing implementation costs will actually raise benefitéfter this paper was written, the parties to the
by lowering leakage. But there is another problenfframework Convention met in Buenos Aires (in
one way of lowering costs is to approve CDMNovember 1998). The issues raised in this paper
transactions that may not ultimately yield reductionsere not resolved at this meeting, but a Plan of
in net emissions (so-called paper trades). Shavidgtion was agreed, with deadlines for finalizing the
costs in this way would ultimately ruin the agreeProtocol’s flexible mechanisms. For the first time,
ment. This is yet another reason why Kyoto shoulthe issue of how compliance should be enforced
be revised to include emission caps for the develogras raised, though to my knowledge no mechanism
ing countries. for enforcing compliance was proposed. At the
meeting, the United States became the 60th country
If these requirements can be met (and that is a digsign the Kyoto agreement. Another small island
if), thenthe US Senate’s objections would fall awaystate, Antigua and Barbuda, became the second to
and the Kyoto Protocol could then enter into forceatify it. Argentina, which hosted the meeting, an-
The problems of non-compliance and free-ridingounced its intention to adopt an emission limit
would at the same time be eased. If the costs whluntarily, and Kazakhstan said that it would join
participation were lowered (and the benefits inthe group of Annex | countries and accept, in the
creased), then the incentives to deviate in thes@rds of the press release, a ‘legally binding target’
ways would be reduced. (adding more ‘hot air'?).

However, these incentives to deviate would not bEhese developments are to be welcomed, but the
eliminated by cost-effective abatement. Achievinfundamental problems raised in this paper remain.
a favourable benefit—cost ratio is only a necessamhe press release issued at the start of the Buenos
condition for achieving global cooperation; it is nofires talks concluded by noting that the agreement
sufficient (Barrett, 1994, 1993 And it is not wouldnotbecome legally binding untilthe minimum
obvious how the required sanctions could be maghearticipation requirements had been met. ‘It is
credible. So Kyoto has two mountains to climb. Thhoped,’ the statementreads, ‘that this will happenin
first—achieving afavourable benefit—cost ratio—i2001." It is regrettable that we cannot anticipate
challenge enough. The second—deterring freedth more confidence an event of such importance.
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