The Kyoto Protocol: A Flawed Concept

Richard N. Cooper

In 2001 the Intergovernmenta Panel on Climate Change issued its Third Assessment Report on
the prospects for and likely impact of increases in globd average temperature over the next century.
The summary report of Working Group 1, on science, widened the range of likely temperature increase,
compared with the IPCC's Second Assessment Report five years earlier, to 1.4 - 5.8 degrees
centigrade, with the increase in the upper end of the range receiving wide public attention. The summary
report of Working Group 2, on impacts, sketched a somber picture of how both human settlements and
non-human ecologies might be adversdy affected by the rise in temperature and an accompanying risein
Ssealevd.

A dose reading of the WG 1 Report, however, reveds that the wider range, and in particular
the increase in the upper end of the range, was not at al due to a reassessment of the scientific evidence
accumulated and closdy studied since the mid-1990s. Rather, it was due to a change in the way that
emissons over the next century of greenhouse gases (GHG), mainly carbon dioxide (CO2) from fossl
fud consumption and deforestation, and methane (CH4) from agriculture and waste disposd, were
characterized. Ingtead of the single "business as usud" emissions trgectory used in the Second
Assessment Report(SAR), the Third Assessment Report(TAR) produces six different scenarios,
depending on the evolution both of the world economy and of ts energy system over the next 100
years. This refinement is in some respects an improvement over the single assumed trgjectory, but to

present the outlook as more likely more serious than the previous assessment is, to say the leedt,



mideading. The judgement about the likely temperature effect of a given GHG "forcing” was actualy
narrowed modestly in the Third Assessment Report, not widened.

Shortly after release of the latest IPCC summaries, but presumably not because of them, newly
elected Presdent Bush of the United States announced, in an especidly clumsy way, tha his
Administration would not support the Kyoto Protocol to the Framework Convention on Climate
Change (FCCC) adopted in 1992. The Kyoto Protocol, negotiated in late 1997, established emissions
ceilings on six pecified greenhouse gases for 38 countries, with the 15 members of the European Union
treated as a single unit, to be reached on average in the five year accounting period 2008-2012. It is
not yet in force, in tha the requisite countries (55, covering a least 55 percent of the established
ceilings) have not yet retified it. But it established a specific framework and timetable for the countries
covered (those listed in Annex B) to reduce their GHG emissions. The Protocol contained anumber of
other features, such as possihilities for emissions trading, cooperaion across nationa boundaries in
emissons reduction, and sequedtration of GHG in "snks" some of which will be described further
below. But it lacked many operational details, which were |€eft to be worked out following Kyoto, and
over which there was dill substantial disagreement at a follow-up conference in the Hague in November
2000, three years after Kyoto.

President Bush gave as his reason for dropping Kyoto that achieving the targets would be too
costly to the American economy, and to American workers, without eaboration or andysis. He left
entirely open how his administration would approach the problem of globa climate change, or indeed
whether it consdered this to be a problem that needed to be addressed. Bush's rgection of Kyoto
caught off guard both foreign governments and American environmentdigts, including some of his own
senior officids, since when campaigning for the presidency he had sgnded hs concern with globd

climate change and his commitment to limiting emissons of CO2.



However, for reasons | hope to make clear, dropping the Kyoto Protocol represents no great
loss to the internationd community, since it is fataly flaved as an indrument to ded substantively (as
distinguished from symbolically) with the potentid problem of globa climate change. The fadter thisis
recognized, the better, so work can begin on aternative, prospectively more successful, approaches.

The paper is organized as follows: the next section analyzes the basic structure of the task of
mitigating global warming. The following section evauates the Kyoto Protocal in terms of the structurd
issues. Then comes a section on the advantages of permit trading, combined with the conditions that
must be met to achieveit. Thisisfollowed by sections on an dternative approach to that embodied in
the Kyoto agreement, and on contingency plans for action in case the internationa community discovers

that it has moved far too dowly to ded with climate change. A find section offers brief conclusions.

Structure of the Problem

Concerns about globa climate change have led to pleas and indeed to some nationd
commitments to dow or reverse the growth of greenhouse gas emissions. It is useful to identify the
dructurd characteristics involved in atempting to mitigate globa warming through forma collective
action. There are three key features:

Fird, climate change brought about through an increased atmospheric concentration of
greenhouse gases is a glabal issue, snce whatever their earthly origin the gases are widdy dispersed in
the upper atmosphere, and CO2 is long-lived. Effective resraint must therefore involve dl (actud and
prospective) magjor emitters of greenhouse gases. The rich industridized countries account for most of
the emissons today, but the Soviet Union was a mgor contributor before its dissolution and economic
collapse in 1991, and with economic growth its successors can be expected again to become a mgjor

source. Rapidly growing developing countries will become mgor contributors within atime frame thet is



relevant for managing the issue.

Second, the rewards from restraints on greenhouse gas emissons will come in the (paliticaly)
digant future, while the costs will occur in the politica present. Moreover, the rewards are highly
uncertain. Much controversy still surrounds the expected impact of further greenhouse gas emisson on
the earth's ecological system, and in particular on conditions of habitability for humans. The resdents of
some of today's states, eg. Canada, Russia, perhaps the United States, may even expect to benefit
from moderate cdimate change. It will thus be difficult to persuade publics that they should make
sacrifices in living sandards in the near future for the sake of uncertain gains to their grandchildren and
great-grandchildren, much less for the grandchildren of people living a remote disgance. The wide
digtribution of expected but distant benefits in response to collective action today provides an incentive
for every country to encourage dl to act, but then to avoid acting itsdf -- the so-cdled free-rider
problem.

Third, the pervasive sources of greenhouse gas emissons -- notably use of fossl fuds, rice
cultivation, and raisng catle -- imply that restraint will involve changes in behavior by hundreds of
millionsif not billions of people, and not merely restraints by 180 or fewer governments, asin the typicd
treaty. Thus the mogt important part of an effective regime to limit climate change involves not the
relationships among states, but the effective influence of governments on the behavior of their domestic
publics. Moreover, the pervasive sources of CO2 and methane are at the heart of modern economies,
which depend intimately on productive agriculture and on non-animate sources of energy.

No mgor legdly binding regulatory treaty involves dl of these characteridtics to the same
degree. Typicdly ether governments themsdaves are the major actors, or a relatively few firmsin a
relatively few countries, as in the cases of hdting nuclear testing or limiting production of CFCs.

These three structurd factors make collective decisons regarding actions to mitigate globa



climate change exceptiondly difficult. The benefits of mitigation actions encompass the adverse impacts
of dimate change that are thus avoided. Serious mitigation necessarily involves mgor reductions in the
actual and prospective consumption of energy based on fossl fuels (especidly cod-fired dectricity
generation and use of oil products for heat and motive transportation). Since such consumption is at the
very heart of modern indudtrialized economies, the costs of mitigation are both the economic and the
psychologica adjusments that must be made to move away from current energy systems, and,
secondarily, the adjustments that must be made to move away from wet rice and cattle production, the
man man-made sources of methane (in addition to methane lesks from gas and ail refining and
digribution systems). Moreover, the likelihood that the distribution of costs and benefits will be grestly

uneven across nations complicates further the task of reaching internationd agreement.

Evauation of Kyato

The emissons targets of the Kyoto Protocol, as noted above, cover only 23 countries, plus the
15 members of the European Union taken together. These countries in 1996 accounted for nearly 64
percent of world emissions of carbon dioxide, leaving over one-third uncovered." Moreover, the
uncovered portion is expected to grow more rapidly in the coming decades than the covered portion.
By 2010 developing countries are expected to contribute 45 percent of total greenhouse gas emissions,
and China and India together will experience greater growth in emissions than dl OECD countries
combined. China aone in 1996 accounted for over 13 percent of CO2 emissions, second after the
United States, and on plausible projections for the two economies can be expected to reach US
emissons in 2013, with no dlowance for US compliance with the Kyoto Protocol, sooner if the US
attempts to comply. The rest of Asa (minus Jgpan) exceeded China in emissions, Latin America and

Africa, taken together, emitted about half as much as China



Thus effective action cannot be taken by a smdl group of countries alone, as was possble for
example with agreement to cease atmospheric testing of nuclear wegpons. Here, while the same
requirements need not be imposed on al countries from the beginning, the agreement needs to be
dructured so that dl countries will eventudly participate. On one edimate, for example, full
implementation of the Kyoto Protocol and continuation at the prescribed lower emisson levels of Annex
B countries would, on IPCC SAR(1996) main assumptions, reduce the increase in average globa
surface temperature in 2050 by only 0.05? C, from an increase of 1.4? to 1.35? % It was such
consderations thet led the US Senate, which must ratify treaties for the United States by a vote of two-
thirds, to ingst befare the conference a Kyoto, by a vote of 95-0, that there must be "meaningful
participation” by developing countriesin any treety to limit GHG emissons.

Lack of comprehensve coverage creates another potentia problem: economic activities might
re-locate from countries with GHG emisson ceilings to countries without cellings. Through such
"leskage" even the impact on GHG concentrations of effective action by the Annex B countries would
be reduced. Apart from weakening the efectiveness of the Kyoto agreement on climate change, such
leskage would dso involve costly adjustments by workers, firms, and towns that were brought about
not by changes in economic efficiency, but by a regulatory system with incomplete coverage.

Proponents of the Kyoto Protocol would not deny the fundamenta point that key developing
countries must eventudly participate. They would argue, however, that sSomeone must Sart the process,
and it is naturd that the world's richest and most heavily emitting countries do so. Kyoto isonly afirst
step toward a serious approach to the problem.

If Kyoto is acknowledged to be only a first step, we must anticipate what the next step might
be. For those covered in Annex B, the natural next step is to lower the emissions cellings now set for

2012, to achieve, for example, 80 percent of 1990 emissions by 2022. But if the Kyoto targets are



reached, developing countries as a group (those not covered by Annex B) on plausible assumptions will
have CO2 emissions equal to those of the Annex B countries by 2013, and continuing to grow. How
are these countries to be brought into the Kyoto framework, as they must be if climate change is to be
avoided?

The answer, in brief, is that they cannot be brought into the Kyoto framework without
compromising its purpose.  The Kyoto framework for setting nationa targets is base-weighted,
focussed on emissons in 1990. Thisis in fact standard practice when dlocating quotas, to choose a
"representative’ year and dlocate them according to the activity of the rdlevant agents (e.g. fishermen,
banana importers) in that year. Kyoto deviated dightly from norma practice in thet the target reductions
are modestly differentiated among agents, ranging from 92 percent of 1990 emissions for the European
Union and some eastern European countries to 108 percent for Australia and 110 percent for Iceland.
This differentiation reflected in part specid circumstances in 1990 (eg. recent unification of West
Germany with the collapsed East German economy), in part different reliance on fossl| fuds (e.g. heavily
geothermd in Iceland, which cannot easily be used for mobile trangport), and in part different expected
growth trgectories (eg. recovery of the collapsed Russan and Ukrainian economies). Moreover,
Kyoto involved the usud political bargaining, with targets adjusted to ensure adherence of dl the Annex
| countries of the 1992 FCCC. Developing countriesinssted at Kyoto on their exemption from targets,
as dready foreshadowed in the FCCC; a provison of the Kyoto Protocol actually prohibits targets
being set for developing countries.

Base-weighted targets, even with some differentiation, are completely unacceptable to poor
countries with high aspirations for economic development. It iswel-known that modern economies rest
on the consumption of much energy, and in practice most such energy is provided by foss| fuds. Even

maor sources of nonfossl fue energy, such as hydro and nuclear generation of dectricity, have



become controversd, at least anong some environmentalists in rich countries. Indeed, those given to
conspiracy theories suggest that the modern environmenta movement in Europe and America
purposefully wants to keep poor countries poor -- a postion given credence by the apparent
environmentalist opposition to al forms of inexpensive energy accessble on any scae.

Deveoping countries ingst that their first priority should be economic development. They are
not againg environmental improvement, and indeed some idand countries are fearful of globd climate
change, particularly if it entails higher sealevels or more serious sorms. But relative priority is accorded
development, and indeed developing countries ingsted that the Rio conference, which was seen by its
initial supporters as a follow-on to the Stockholm conference on the environment of 1972 (which
edtablished the UN Environmental Program, UNEP), be devoted to Development as well as to
Environment.

This raises the question whether the priorities of the developing countries can be accommodated
in the next step after Kyoto. A natural way to do this would be to agree on "business as usud" emissions
trgectories for each developing country, which would of course reflect the process of development with
its dependence on higher energy consumption. Targets could then be defined in terms of agreed
reductions from each national BAU trgectory. If the trgectories themselves adequately reflected the
gpecia circumstances of each country, the targeted reductions could even be uniform, e.g. two percent
ayear.

At Kyoto the European Union negotiated an overdl target for the EU. But it faced the problem
how to dlocate this target among agents within the EU. Instead of adopting a uniform policy for dl firms
within the EU, as it might have done, the EU members eected to dlocate the overall EU target to
member dates, leaving each member date the task of achieving its target in its own way, within

condraints imposed by EU policy. The result of this European negotiation was even grester



differentiation than at Kyoto, with nationd targets ranging from 72 (Luxembourg) and 79 percent
(Denmark and Germany) to 125 (Greece) and 127 percent (Portugd) of 1990 emissions. Again, the
differentiation reflected differert initid conditions and different expected growth trgectories for member
dates. Luxembourg sted production was adready in extensve decline. Germany could accept a deep
cut because of its artificialy high 1990 base, including the collgpsed high-energy-intensve east German
economy; and Denmark wanted to demondtrate its green credentias by accepting a smilarly deep cuit.
Acknowledgement was given to high initid reliance on nuclear power by France (no cut required) and
by Sweden, which was committed to phasing out its nuclear power (a four percent increase over 1990
was alowed). The poorest members of the EU -- Irdland, Spain, Greece, and Portugd -- were dl
allotted generous increases in emissions over 1990 levels, of 13, 15, 25, and 27 percent respectively, dl
higher than any country recelved a Kyoto itsdf. A smilar negotigtion at the globa leve, outsde a
common framework for discusson and deciding on economic policy, presents a mind-boggling
chdlenge.

The suggedtion that uniform reduction targets from differentisted BAU trgectories be
established is easy to dtate, hard -- probably impossible -- to execute, at least while preserving the
ultimate objective of Kyoto, which is to forestal serious climate change by controlling GHG emissors.
The problems are twofold. Firgt, given the high priority accorded to development, developing countries
will want to ensure that under no circumstances will the targets impede their development. They will
ingdst on a generous BAU trgectory, either by pleading specid circumstances or by aspiring to an
ambitious rate of growth, or both. Severa countries in East ASa have demondtrated an ability to grow
in excess of 8 percent a year for several decades. Many countries would like such success, even
though few will achieveit. But they will certainly not agree to forego the possibility in the name of ther

contribution to mitigating global GHG emissons. To gain their agreement, they must be given generous



BAU trgectories. Yet if al developing countries are given generous trgectories, the objective of
limiting atmospheric concentration of GHGs, which is necessary to forestal serious climate change, will
not be achieved.

Some hypothetica but plausible numbers can be associated with the argument above. Suppose,
as suggested above, emissons from developing countries equa those of Annex B countries in 2013.
Suppose further that they indst as a condition for accepting nationa targets that they have growth
trgectories of eight percent a year; and suppose that the GDP-growth eadticity of demand for primary
energy is .75 (higoricdly it has been doser to unity), implying an dlowable growth in emissions of Sx
percent a year.® Assume further that the Annex B countries hold to their Kyoto targets in subsequent
years, i.e. they continue to grow economicaly without any increase in GHG emissons. Under these
circumstances, CO2 emissions will be 10.9 billion metric tons ayear by 2025, 83 percent above globa
emissions in 1996, the year before Kyoto.* Reduction targets could be set from this level for both
Annex B and developing countries, but given their priorities developing countries are not likely to agree
to severe targets -- unless new technologies make possible rgpid growth without GHG emissions --,
and politica "equity”" will then prevent the Annex B countries from agreeing to severe targets for
themsdlves.

In short, the ultimate objective will not be achieved, ather without the participation of
developing countries, or with such participation on termsthet are likely within the Kyoto framework.

There is a second problem with the Kyoto framework. 1t envisages establishing a market for
emission rights (more on this below), a necessary condition within the framework of nationa targets for
reducing GHG emissions a lowest red cost. Such a market should be established and in effective
operation well before 2008, the first year of the agreed five-year accounting period. Emisson permits

will command a vaue in the market, and will be traded. Firmsor countries that find it more costly than
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the price of the permit to reduce emissons further will buy permits from other Annex B countries that
have reduced their emissons below ther targets. Firms or governments will plan their actions taking
into account this market, and their estimates of future prices of permits. If in a post-Kyoto phase I1
many more countries are to be admitted to the scheme, with targets yet to be negotiated but likely to be
generous, that will lower the prospective vadue of emisson permits and discourage firms (or
governments) from investing aggressively to reduce their future emissons. Firms will be discouraged
from holding unused permits.

Kyoto is base-weighted, as noted. But the problem of dlocating vauable resources through
globa negotiation is a more generd one. Emisson rights will have vadue -- not just hypothetica value,
but actud money vaue under a system of tradable permits. This vaue is created by virtue of placing
binding limits on emissons The vaue commanded will of course depend on how severe the limits are,
on the red cogts of reducing emissions, and on any conditions imposed on the tradability of the permits.

We require some principle for alocating scarce resources. Kyoto dected the principle of an
higtorica base, but as we have seen that is unsatisfactory to countries with high aspirations for growth
and development. In sharp contrast to reliance on recent history, some observers have suggested that
smple digtributive justice woud require that emission rights be based on population. Such an dlocation
would favor heavily populated poor countries such as China, India, Indonesia, Bangladesh, and Nigeria

To be meaningful in limiting climate change they would require dradtic cutbacks in emissions by today's

rich countries, implying radical reductions in living conditions there if implemented quickly. Targets
based on population would of course be insenstive to varying resource endowments (e.g. for hydro-
electric power) and to the fact that countries depend on vaslly different fud mixes as wdl as different
levels of fud consumption.

Reductions in living standards could be mitigated, but not avoided, by sde of unused emisson
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rights from poor to rich countries. Trading emission rights will be discussed further below. But the
financid trandfers involved if emisson rights were based on population would be immense rdative to
foreign assstance today, far more than is likely to be politicaly tolerable. If carbon emissons wereto
take a plausble vaue of $100 aton, for ingtance, a typicd American family of four would have to pay
$2000 a year to sudtain its current (direct and indirect) average level of emissions of about 24 tons a
year, 20 tons over its per capita alocation (roughly 6 billion tons of carbon emissons ayear divided by
a world population of roughly 6 billion people). Totd US transfers to the rest of the world would
amount to $120 hillion a year, roughly ten times current US foreign aid expenditures. Moreover, the
trandfers in practice would be made to governments, not individuas, despite the underlying mora
rationale for basing targets on population, and many these days would question the desirability of
trandferring large sums to governments whose responsiveness to the needs of their own citizens has been
indifferent or worse (think of contemporary Irag or Burma).

A natura compromise has been suggested: base the nationd targets on GDP (or recent past
emissons) initidly, and gradudly convert them to targets based on population over, say, 25 years, to
avoid the wrenching impact on life styles in the rich countries and the implausbly large transfers to
governments of developing countries. Here, however, we encounter some unpleasant arithmetic with
respect to population-based emission rights. 1n 1995 Indias per capitaincome (on a purchasing power
basis) was about 5.2 percent that in the United States. Suppose that per capita income in India grows
at 5 percent a year over the next 25 years, and per cagpita income in the United States grows at 1
percent a year (thisis a plausble scenario, athough in redity the gap in growth rates is not likely to be
so wide). Under those assumptions, Indian per capitaincome 25 years later (in 2020) would still equal
only 14 percent of per cgpitaincome in the United States, and per capita consumption of energy would

be many times higher in the United States than in India. Thus under national emission targets converging
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on populétion after 25 years ether India would not be effectively constrained or the United States
would be very tightly congrained or (under tradable emisson permits) there would be huge transfers
from the United States and to India. The sense of globa community is not likely to be great enough by
2020 to sugtain such large trandfers -- it is not that great within the United States today -- and in any
case such large trandfers dther to governments or directly to citizens, by fostering a rentier mentlity,
would probably not be desirable, as some of the highly ail- dependent countries have discovered.

My genera conjecture is that there is na widely acceptable basis for dlocating scarce resources
-- here, emisson rights -- among al countries by internationa negotiation. The fact that the resourceis
known to be valuable will lead many countries to hold out for generous treatments as a condition for
thelr binding agreement, and the sum of such generous trestment will undermine the purpose of the

agreement, namely to limit sgnificantly the growth in atmospheric concentration of GHGs.

Internationd Trading

While climate change is indifferent to the source of GHGs, because of rgpid mixing through the
upper atmosphere, the costs of reducing emissons of CO2 and other GHGs differ greetly from one
place to another, and from one activity to another. So long as resources are scarce, we need to be
concerned with the costs of GHG mitigation, and in particular we should reduce emissions &t least codt,
wherever that might be. Thus, if the costs of CO2 reduction are higher in Sweden than in Poland, there
should be some way for Sweden to help achieve its nationd target by reducing emissons in Poland, so
long as Poland is within its nationd target. Indeed, Kyoto envisons the possbility of "Joint
Implementation” to teke account of such posshilities, without however specifying how joint
implementation is to be implemented.

This notion of cross-border cooperation in reducing emissions, so long as the targets are met
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collectively, is an excellent one. But to be effective it requires careful accounting. One way to achieve
joint implementation automaticaly isto create amarket in emisson rights. Kyoto is couched in terms of
setting nationdl cellings for GHG emissons, but the same framework can ke interpreted as dlocating
emisson rights to the Annex B countries, not to be exceeded. Each country "owns' the right to emit a
certain maximum of greenhouse gases. Then Sweden, in the example above, can buy some of these
emission rights from Poland; Poland's rights would of course decline by the amount it sold to Sweden.

Credting an effective trading regime in emission rights poses a host of practicd problems. First,
wha exactly is to participate in the market? In particular, should it be 38 governments, or should it be
thousands of firms? Markets work best if there are many participants, none of them dominant. Buit if
firms are to trade, each relevant firm needs to have a clear and unambiguous right to emit GHGs® Thus
each country with an emisson quota under Kyoto needs to develop a system for dlocating these rights
to participating firms. Three principles of dlocation are known (and of course combinations among
them): on the bass of higoricd emissons (the principle used for countries a Kyoto, with modest
differentiation), on the bads of politica favoritism (with the strong temptation to bribe, directly or
indirectly, the officids who control the process of dlocation), and competitive auction, whereby the
highest qudified bidders acquire the emission rights, and the sales revenues accrue to the government, or
to some party designated by the government.

If the principle of dlocation is based on higtorica performance, asit dmost dwaysisin practice,
should the higtorical basis lagt forever? The issue of globd climate change is a long-term issue, not a
trangtory one; a scheme to ded with it must have great durability. Are those with emisson rights based
(say) on 1990 emissions to keep their rights forever? Even if they go out of business? Indeed, if the
permits command a sufficiently high price, it may make economic sense for some of the owners to go

out of their origind (emitting) business, and sl dl of ther permits. They, and their distant descendants,
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could become rentiers, living off the earnings of sdes of perpetud emisson rights, earned on the basis of
activity way back in 1990. If the emission rights are not to be perpetud, i.e. they are to decay over
time, how often should they be redlocated, and what should be the principle of redlocation? Smply re-
basing the dlocation, eg. from 1990 to 2000, would create a perverse incentive not to reduce
emissons In short, public authorities will be alocating vauable resources (emisson rights) within
countries, either forever or from time to time, and any hitorica basis will have some perverse or anti-
socid effects. These can be avoided by auctioning the rights, with revenues accruing to the government.
S0 as to mitigate the economic codts to those parties who will be required to have emisson rights, the

revenues could initially be used in some form of compensation, o long as the compensation is not based
on actua emissons. The compensation could then be gradually phased out over time, eg. a decade®

Of course, smilar problems of dlocation and reallocation arise among countries, as discussed
above. Bringing new countries into the scheme will require a principle of dlocation to new entrants.
And even Annex B countries will require a new alocation beyond 2012: should it still be based on
1990, or should anew principle be introduced, and if the latter what should it be?

A market in emission permits would establish a price for them, eg. per ton of carbon emissons.

That price would then provide useful information for dl emitters covered by the scheme: if they can

reduce emissons a a cost below the permit price, they should do so, and sell their rights in the market.
If the codts of reducing emissons by a particular firm exceed the permit price, the firm will be better off
continuing to emit, and buying a permit to do so. The price of the permits would fluctuate with overadl
net demand for them.

Various estimates have been made of the price of such permits. The estimates inevitably involve
much conjecture, particularly about the schedule of costs associated with different levels of reduction of

emissions. Because costs can plausibly be expected to differ sharply from one country to another, the

15



price of the permit will also depend on the reture of the trading scheme, and in particular on what
countries are included and what redtrictions are placed on trading -- as well as on the severity of the
overal emissions target.” In generd, the more countries that are included, the lower will be the price for
any given overdl target; and the tighter the restrictions on trading, the higher will be the price.

The US Council of Economic Advisers (1998) estimated that the price per ton of carbon under
the Kyoto targets would be about $200 in 2012 i the trading scheme were confined to the United
States, but would decline to $56 if al Annex B countries were included in the scheme, and to $23 if
China, India and other key developing countries could be brought in under reasonable terms® Under
the latter two conditions, Americans would not meet their Kyoto target in the United States, but would
buy permits from other Annex B countries, or from developing countries if they were brought into the
scheme. One concern with this arrangement is that Russa and Ukraine were granted emission
rights & Kyoto that they are unlikely to use fully. (Kyoto was negotiated before Russas financid criss
of 1998, which sat back Russas prospects for economic growth by several years. Even then, the
Russan and Ukrainian targets were on the generous side, designed no doubt to ensure the participation
of those two countries in the Kyoto commitments,) If thisis S0, an unredtricted trading regime would
lead to higher emissions by the Annex B countries in 2012 than would occur if dl countries met their
targets domestically. The European Union has therefore proposed that countries be alowed to buy
from abroad permits no greeter than the GHG abatement they have actudly achieved, in effect dlowing
trading for no more than haf of a country's target (with an analogous rule to apply to sdlers). Ironicdly,
under the intra- EU country alocation reached in 1998, 10 of EU's 15 members would violate the rules
the EU proposes for other countries (CEA, 2000, p.271). Moreover, the EU proposa could have the
consequence, by redtricting the trading market, of much lower permit prices than would obtain without

the redtriction, thus discouraging some abatement that would occur under an unrestricted trading regime
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(seeVictor, p.115).

Cross-border purchases of emission permits of course would involve corresponding transfers of
funds from the buying country to the sdling country, or from firms in the buying country to firmsin the
sling country. Assume that the EU proposa was adopted, and that American firms purchased from
Russa and Ukraine permits amounting to haf the reductions the United States required to meet its
Kyoto target. At the CEA estimated price, that would imply transfers from Americans to Russians and
Ukrainians in excess of $13 billion annudly to buy emisson rights. Given the recent history in those two
countries, the dlocation of emisson rights to domegtic firms is likdy to be riddled with corruption.
Foreign purchasers would be complicit in sustaining and (given the vaues involved) possibly enhancing
this corruption. Would such transfers, or even the prospect of them, be paliticaly acceptable in the
United States, or in Europe? | strongly doubt it. So here is another flaw of Kyoto: the ceilings are too
gringent to be applied nationdly -- at least in the United States, given its rgpid growth in 1990-2000;
but the flexibility alowed by Kyoto is likdy to result in paliticaly unacceptable large transfers among
countries, in particular to Russaand Ukraine.

The Kyoto Protocol requires a system for monitoring emissions of GHGs, and for enforcing
compliance with the targets. Monitoring fossl fuel emissonsin the Annex B countries perhgps poses no
insurmountable problems.  But monitoring net CO2 emissons from other sources (e.g. soils and
forests), and emissons of the other five GHGs will be much more problematicd, as Victor (2001) has
emphasized. How will we know whether or not the targets have been reached?

Suppose a country by its own acknowledgement has not reached its target, or, worse, clamsto
have reached its target but on impartial assessment has not? What if anything will be done about it?
The problem arises especidly with atrading regime, under which a country has sold some of its permits

to others, and then claims unconvincingly to have cut its own emissions below its target by the amount of
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the permits sold. How can the money be recovered? Again, Russia and Ukraine come to mind, but the
problem could arise with any sdling country.  Suppose in the meantime the sdling firms have
dissppeared? Should the government be ligble? Can we anticipate future analogues of the debt crises
of the 1980s and 1990s, in which country debts were rescheduled, under painfully negotiated
conditions? Victor (2001) ingenioudy suggests that the buyers should be lidble, implying thet the
permits would be continudly be labelled by the sdler (like bonds). Thus some permits could sdl & a
discount to others, depending on the reputation of their source. But he does not explain how past
wrong-doing would be rectified. And buyer liability would fragment and make much less liquid the
market in emisson permits, which at least in its early years might be fatd to its basic purpose.

Taken together, the flaws of the Kyoto Protocol -- incomplete coverage, inappropriate basis for
dlocation of valuable emisson rights, inadequate provison for monitoring and enforcement, politicaly
unacceptable transfers under (necessary and desirable) trading -- render that agreement fataly flawed,

and therefore functionaly moribund.

An Alternative Approach?’

There is an important dternative to setting nationd emissons targets.  That is to agree
internationally on a st of actions, calibrated to achieve the desred emissons (ultimatdly, as Sated at
Rio, st to stahilize the atmospheric concentration of greenhouse gases, an objective that is too radica
for specification in the near future). Since to accomplish their quantitative objectives governments must
in any case create the appropriate behavior-dtering incentives for ther citizens, and since as we have
Seen setting a nationd dlocation of globd emisson rights is likely to prove so contentious as to be
impossible, it may be far eeser amply to agree on a common use of ingruments.

For problems such as reducing emissons, the favorite insrument of economids is to tax the
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offending activity. All countries would agree to impose a common carbon tax, which would increase the
price of fossl fuds in proportion to their carbon content (with possible tax exemptions for uses that do
not produce carbon dioxide, such as production of some plastics). Such atax would have at least two
magor advantages. Fird, it would encourage reduction of emissons to take place where that can be
done at least cost, snce dl emitters would have the same incentive to reduce emissons, but only those
who saved more in tax payments than it cost to reduce emissons would undertake reductions; others
would smply pay the tax. It would provide encouragement everywhere for fud switching toward
natural gas, and more importantly to conserve generdly on the use of fossl fudls.

Second, it would generate revenues for governments.  All governments have trouble finding
sources of revenue that do not have negative effects on economic incentives to work, save, or
underteke commercia risks. Here is a tax with the right incentives. That should make a carbon tax
attractive to finance ministries everywhere. Where the revenues are large, asthey eventualy would be,
the new tax should be phased in gradudly, and growth can be encouraged by reducing other taxes, e.g.
those on foreign trade or on earnings. Taxes on fossl fuels would of course have some undesirable
effects, such as delaying the switch from fue wood to fossl fuds in poor countries. But it would be
impractical in mogt casesto tax fuel wood.

In principle, it would be possble to extend the idea of acommon carbon tax to methane aswell,
covering wetland rice production, decomposable refuse, gas pipeline losses, and cattle raising, but that
more difficult step could perhgps wait until a later stage, or even be treated in a different way (see
Victor, chapter 4).

Differentia trestment could be extended to developing countries by dlowing them more time to
phase in the carbon tax, adthough those with growing need for revenue might choose to introduce it

earlier than required by the agreement.
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The imposition of a common carbon tax would be easy to monitor. Enforcement of the tax
would aso be possible to monitor, since 183 countries (which however exclude Taiwan, Hong Kong,
North Korea, and Cuba) hold annua consultations with the International Monetary Fund on thelr
macroeconomic palicies, including the overdl level and compostion of their tax revenues. The IMF
could by agreement provide reports on energy revenues collected to the monitoring agent of the treaty
governing greenhouse gas emissons.  Such reports could if necessary be supplemented by internationa
ingpection both of the magor tax payers (e.g. eectric utilities) and the tax agencies of participating
countries. Large emitters such as generating stations could be monitored by satellite.

Impogition of taxes by internationa agreement imposes a mgor problem for democratic
countries, however, since taxation goes to the heart of parliamentary prerogative, and most will not
welcome taxation by internationa agreement, even with arequirement for parliamentary ratification.

Moreover, as 1993 experience in the United States with a btu-based energy tax illusgtrates, even
modest energy taxes can be paliticaly unpopular. In 1992 the European Commission proposed a
somewhat more ambitious tax for energy, rising to the equivaent of about $10 a barrd (roughly
percent) of oil by 2000. That tax was never enacted. Moreover, the EU proposal paradoxicaly but
not surprisngly gave specid preference to cod (which is produced at high cost in a number of EU
countries), the most carbon-intensive of the foss| fues, and would aso levy atax on nuclear power, the
least carbon-intensve mgor source of energy. Several European have introduced energy taxes, usudly
however taxing indudrial uses a ggnificantly lower rates (see, eg., Kirkpatrick et d., 2001, on
Germany, and pardld OECD sudies on energy policiesin other European countries).

But this political caculus could change dramaticaly. If we are to act serioudy to reduce GHG
emissons, arisein price of emitting activities is necessary to encourage large-scale conservation. It is

better that the revenues from the price increase go into the hands of governments that represent the
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entire public than into unnecessary economic inefficiency, such as would be brought about by a
command and control system, or into the hands of the owners of large corporations that are alocated
emisson quotas. Furthermore, the impostion of carbon taxes would not necessarily imply additiona

revenues for governments.  One possible disposition of revenues from emisson taxes would be to
reduce other taxes, such as income taxes or payroll taxes that arguably discourage useful economic
activity. Each country would be free to dispose of the emission tax revenues as it judged best. In the
United States, introduction of emisson taxes would be easier if coupled with reduction of other taxes.

Other countries, particularly developing countries, might need the additiona revenue and welcome these
taxesin lieu of having to raise additiona revenuesin other ways. Negotiation aong these lines
has no assurance of success. But since the nationa target approach of Kyoto has no prospect of

accomplishing its ultimate purposg, it is better to aandon the impossible for the merely difficult.

We do not know how responsive economies will be to any given tax levd. The cuts in
emissons could be ether greater or less than initidly projected. Thus a regime based on mutualy
agreed emissons taxes must alow for subsequent adjustment in tax levels, up or down, as new scientific
evidence on the ggnificance of GHG emissons for climate change becomes available, and as we learn
how effective a given leve of taxation isin reducing emissons. The latter effects will become clear only
after the passage of some years, so the taxes could be adjusted, by mutua agreement, at five to ten year
intervals. That is not a decisve disadvantage when the objective concerns decades and perhaps

centuries.

Contingency Plans
Many adverse developments could occur as a result of globd climate change. 1t is much more

difficult -- today, impossible -- to forecast with confidence what will hgppen. Some analysts have
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projected benign effects from globa warming, and easy adaptation to the adverse effects -- especidly
for those whose income is enough above subsistence to give them room for manoeuver. Thus for this
among many reasons developing countries give higher priority to economic development than to averting
climate changeif the latter in any way inhibits developmertt.

The great uncertainty about impacts, the prospect of serious gainers as well as losers, the high
apparent cost of near-term actions to reduce emissions significantly, for benefits both more digant in
time and more uncertain in magnitude, and the need for eventua wide participation by countries with
subgtantidly different initia circumstances and hence greatly different priorities -- al these factors make
early action to stop growth of greenhouse gas emissons, much lessto lower them, highly problematic.

Suppose the best guesses about climate change turn out to be too optimigtic; or suppose that
despite accurate forecadts the international community is unable to reach agreement on cogily, effective
mitigation actions; or suppose that despite internationa agreement countries prove unable to implement
the agreements. What then will the community of nations do if accumulating experience suggests the
climate change is likely to be great and clearly adverse? This possbility suggests the need for some
contingency planning to supplement research to develop cheap low-emitting sources of energy and ways
to satisfy human wants with lower requirements for energy. Such contingency planning can take two
broad paths.

The firgt concerns how best to adapt to more serious climate change. 1t meansinter dia pushing
ahead with both the basic science and applied research for genetic engineering in many aress, especidly
agriculture, but aso to provide potentid subgtitutes for possible useful species that may be logt. That
could be supplemented by a systematic program for collecting, cataloguing, and storing genetic materid,
mainly but not exclusvely from plants, in the form of seed banks and DNA.

The second concerns how to dow further warming as rapidly as possible. One route involves
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sequestration and even withdrawa of greenhouse gases, mainly carbon dioxide, from the atmosphere on
a scde a least equd to continuing emissons. That will involve good stack absorbers and storage
depositories of carbon dioxide. But it lso might involve mohilizing the biosphere. Rapidly growing
trees could be planted on a massve scae, especidly as climate change extends the areas that can
support them, for example by dropping seeds by air. More unconventiondly, barren portions of the
oceans could be fertilized with the requiste minerds (the main deficiency is thought to be iron) so that
microscopic carbon-loving plants can thrive.

A different gpproach would involve reducing the incidence of sunlight on the earth's surface, for
example by placing reflecting surfaces in space or by increasing the abedo by dtering cloud formation
or by placing particulates in the atmosphere, e.g. through jet engine exhaust or by using cannons or
rockets from the surface.

Other possibilities will no doubt emerge over time. It is of course premature to commit to any
particular method for rgpid mitigation. Some suggestions will be impossbly expensve, and others will
have unacceptable sde effects. The point here is merely to encourage imaginative work on possible

emergency actions.

Condusons

Proposition 1: the problem of globa warming cannot be solved without the cooperation both of
China and of the United States, where "Chind' here is a metgphor for al large, growing developing
countries, and " USA" is ametaphor for dl large and prosperous rich countries.

Proposition 2: there is no formula for quantitative nationa targets for GHG emissons, under
exigting technology and knowledge about globd climate change, that will be acceptable both to China

and the USA that will address stisfactorily the problem of globa climate change, where that issue is
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defined by preventing atmospheric GHG concentrations from risng above, say, 720 ppm carbon
dioxide equivdent (= 2.5 times pre-indudrid leves, and twice current levels, implying an increase in
global average surface temperature of 2.1? - 6.6? C on current scientific knowledge).

Proposition 3: if propositions 1 and 2 are correct, no scheme based on binding nationd targets
can succeed in deding with the problem, & least in the next decade or two. Therefore if anything is to
be done soon at the internationa level, an aternative approach to Kyoto is required.

Proposition 4: the gpproach most likely to succeed is international agreement on common
actions, in particular agreed taxes on GHG emissions.

Proposition 5: tax policy is sendtive in every country; SUCCESS a hegotiating common actions
based on taxation is not assured of success.

Proposition 6: in view of proposition 5, countries should position themsalves for adaptation to
climate change; and the world should postion itself for emergency actions, mainly involving the rgpid

sequedtration of GHGs, if climate change seems serioudy to threaten society.
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1. Detailed quantitative information is not available for the other GHGs, which together accounted for an
edimated 30 percent of the increase in amospheric GHG concentration since the beginning of the
indudtrid era. Figures here will focus on CO2, and on its mgor sources in fossl fues, deforestation,
and cement making, as is usudly done. But the other GHGs should not be neglected. CFCs are dso



important greenhouse gases, but are not covered by Kyoto because they were already being phased out
under the Montrea and London Protocols dedling with stratospheric ozone depletion.

2. Private communication from Fred Singer.

3. An dadticity of .75 seemsto be implied in the EU target for Greece, based in Greece's actua growth
inthe 1990s. It isabout 0.5 for Portugal.

4. The literature on GHG emissions is confusing with respect to units of measurement. GHGs other than
CO2 are usudly converted into CO2 equivaents in terms of their warming potentid, itsef a somewhat
uncertain exercise because of imperfect knowledge of the atmospheric lives of different gases. CO2 is
then measured in metric tons. But some sources (e.g. Kyoto Protocol) use the weight of CO2, while
others (e.g. the work of the IPCC) use the weight of the carbon in the CO2. | will adopt the latter
practice. Oxygen is heavier than carbon: the carbon content in CO2 is about 27 percent, such that the
1990 base of the Kyoto Protocol (Annex B) is 14.5 billion metric tons of CO2 from foss| fues, which
trandates into 3.96 bmt carbon content. This measurement ambiguity must be born in mind when
addressing carbon taxes.

5. The US Adminigration under President Clinton made cleer its intention to creste a domestic market
for tradable permits by 2008, and urged other countries to do likewise, arguing that an internationd
mixture of permit trading in some countries with command and control systlems in others could
sgnificantly weaken the efficiency advantages of a system of permit trading. See CEA (2000), pp.270-
72. lronicaly, one of the advantages aleged for the national targets set a Kyoto is that they would
alow each country to pursue the common objective in its own ways.

6. Under the US sulfur dioxide emissons control program, tradable and bankable permits were
dlocated initidly to 263 high emission generating units a 110 power plants (with fewer owners), on the
badis of energy use in 1985-87, adjusted through the very political process of congressiona negotiation.

Phase 11, covering 2000-2009, involved extending the coverage to dl fossl fud generating units over
25MW, dso involved dlocation on the basis of a formula focussed on historica emissons as adjusted
by political bargaining, with a consciousness that vauable permits were being issued. Emission permits
are issued annudly, but can be saved for future use. The SO2 trading system so far has worked well
within the United States, with permit prices being much lower than origindly estimated. See Ellerman et
al.(2000).

7. See Dean and Hodller, 1993, p.153, where the results of severd studies of a hypothetical reduction
of GHGs by two percent ayear from BAU trgjectories are compared, across five regions of the world.
The cost of afurther reduction in 2050 ranges from alow of $67 (1990%) per ton of carbon (in China)
to $2245 (in the Former Soviet Union). These differences suggest both mgor uncertainty (across
models) in the cogts of mitigation, and mgor efficiency gains (across regions) from alowing cross-
border permit trading.

8. These prices are per ton of carbon; the equivalent price per ton of CO2 would be about 27 percent
of these prices.



9. Thisand the fallowing section draw on Cooper (2000).
10. A study by the National Research Council (1991) suggested that placing reflectors in space would

be very costly compared with dternative ways to reduce the incidence of sunlight, but relative costs
might be very different in three or four decades.
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