8 A portfolio system of climate treaties

SCOTT BARRETT'™

Introduction

Climate change is so fundamental a challenge that it may be best ad-
dressed from a multiple of perspectives, using a multiple of approaches.

This is a radically different concept from the arrangement developed
thus far. Under the Kyoto Protocol, emission reduction obligations
apply to entire economies, not to individual sectors; reforestation
{which sequesters and therefore removes carbon diexade or CO, from
the atmosphere) 15 allowed to substitute for abatement (which reduces
greenhouse gas [GHG) additions to the atmosphere, relative to “busi-
ness as usual ™ the emissions of different countries can be traded; and
increases in the emssion of one gas can be offset by reductions in the
emission of another. This approach has one great virtue: it promotes
cost-effective abatement.

Unfortunately, this approach has also (so far, at least] failed to
address the more important objective, which s to reduce GHG emis-
sions and ultimately to stabilize atmosphenc concentrations. There
may be different explanations for this, My diagnosis is that this failure
15 due to a lack of robust enforcement. 5o, why not add an enforcement
capability? As [ shall explain in this chapter, it may not be possible to
enforce the current treaty design.' If enforcement is important—and
I shall argue here that it is essential—then a berter strategy may be
to break up the problem, treating different sources and types of gases
scparately. This strategy may succeed better at reducing emissions
overall.

* Lenfest-Earch Institute Professor of Matural Resource Economacs, Columbaa
Uni\r\e-u:il:y Schoal of Internatsonal and Public Affasrs,

" 1 am grateful to Joseph Aldy, Robert Stavins, and an anonymous referee for wery
helpful comments on earlier versions of this chapter.

! For a dscussion of the possible trade off between cost-effectiveness and enforce
meent, see Barrett and Stavins I:lﬂﬂll.
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Of course, in breaking things up, cost-effectiveness may be com-
promised—but this 15 why the different approaches need to be linked.
We don’t smply need a number of agreements; we need a systemr of
agrecments.

The existing regime is, by design, linear. The Unied Nations
Framework Convention on Climate Change (UNFCCC) establishes a
collective, long-run goal and lasts indefimiely {of course, this treaty,
like all treaties, can always be revised or dissolved or replaced). The
Kyoro Protocol, by contrase, establishes short-term, individual-coun-
try emission targets and lasts only through 2012, Kyoto was supposed
to be succeeded by a senies of follow-on agreements—one that estab-
lished mdividual country targees for 2013-2017; followed by another
that established targets for 2018-2022; and so on ad srfrntem. The
ultimate aim of this series of protocols was to meet the collective goal
expressed in the Framework Convention: to ensure that concentra-
tions would be stabilized at a level that would prevent dangerous
anthropogenic mterference with the climate system.”™

There are a number of problems with this design. The short-
term nature of each protocol creates little incentive for countries
to innovate and invest. Also, by not promoting R&D, Kyoto fails
to generate the knowledge that will be needed to reduce emissions
dramarically in the future. Investments in R8I} and emissions reduc-
tions are complements. Not only are both needed; both need to be
considered jointly.

A focus on emissions alone s also inappropnate because of climate
change uncertainty. We don’t know the GHG concentration level that
will prevent “dangerous interference.” We might guess wrong. We
might guess nght but, for the reasons already mentioned, be unable to
use Kyoto to stop the world from exceeding the target concentration
level. The objective of a climate change policy regime should be to
redwce climate change risk.

Of course, hmiting emissions will reduce nisk, but there 1s more we
can and should do. Perhaps most importantly, countries must be made
less vulnerable to the climate change that is not or cannot be avoided
by reducing emissions. One way to do this is by adapting to climate
change. Many countries are capable of adapting on their own, but
many are not, and those that are not must be helped. The Framework
Convention and the Kyoto Protocol both acknowledge this need, but
neither adequately addresses it.
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Another approach to reducing climate change nisk 1s not even men-
tioned in these agreements. This 15 “geoengineenng,” which involves
the use of technologies for scattenng solar radiation to counteract
the effect of rising atmosphenc GHG concentrations on the climate.
Geoengineering has the potential to limit chimate change risk, but its
use will introduce new risks. We may therefore also want to reduce
the risks associated with deploying geoengineering measures. One
way to do this, of course, is to imit GHG concentrations so that geo-
engineering need never be attempted. However, it may not be possible
to reduce the probability of abrupt and catastrophic climate change
to zero. Another way to reduce risk is to develop the capahility to
reduce concentrations rapidly after geoengineenng has been tnied and
found, possibly, to be wanting. We can potennally do this by means
of another new technology: “air capture,” which mvolves removing
GHGs from the atmosphere directly. Finally, many of the approaches
to reducing emissions entail nsks of their own—examples include
long-term storage of nuclear waste and long-term sequestration of
CO, in underground geologic formartions. The current regime does
not provide a means for balancing these risks. To do that requires a
portfolio of agreements.

These, then, are my three main conclusions: first, that a different
treaty design, comprising a system of agreements, could potentially
achieve greater emission reductions overall than the current design;
second, that these individual agreements must be coordinated to
promote cost-cffectiveness; and third, that this coordination must
also manage overall nsk, by developing a portfolio of approaches to
climate change. In short, and as the title of this chapter indicates, my
proposal 1s for a portfolio system of climate treaties. Subsequent sec-
tioms of this chapter develop the analysis behind these conclusions.

Olrereren

I begin with a critical review of the Kyoto Protocol. It may be widely
believed today that Kyoto is inadequate and that there 5 no need,
therefore, for further cninques. However, even if there were wide-
spread agreement that Kyoto has failed, there may be many incompat-
ihle explanations for why it has failed. If we misunderstand the reasons
for Kyoto's failure, we may end up repeating the same mistakes. In the
next section of this chapter | argue that enforcement is the most essen-
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tial challenge for an international chmate agreement and that Kyoto's
greatest flaw is thar it lacks effective enforcement.

| am not alone in making this diagnosis. The most popular suggested
remedy is to leave the basic architecture of Kyoto unchanged and to
ncorporate trade restrictions as the primary means for enforcement
in a post-2012 agreement. In a later section | explain why this remedy
may not work—and why a different architecture may work better.

The problem, as [ see it, is that a treaty’s architecture and its
enforcement mechanism need to be co-detersmned. Not every desira-
ble outcome can be enforced internationally. Kyoto's architecture may
be commendable, provided enforcement can be assured. But if Kyoto's
architecture makes enforcement difficult, then we may be better off
using a different architecture—even one that would be theorencally
inferior in a world in which enforcement was assured.

This chapter begins to outline an alternative architecture for a
post-2012 agreement. The focus here 1s on the logic of negotiating
sector-specific agreements rather than a single, all-encompassing,
economy-wide agreement. Later sections extend this argument to
propose having different agreements for different gases and return to
the earlier topic of trade restrictions. | explain here that while trade
restrictions may fail to enforce economy-wide targets of the type
prescribed by Kyoto, they may be effective in enforcing sector- and
gas-specific agreements,

To reduce emissions dramatically, new technologies are needed;
and, to develop these new technologies, increased spending on R&D
is needed. In the second half of this chaprer 1 explain how R&D agree-
ments should be structured, and how they ought to relate to other
agreements within a broader system of agreements.

| then discuss other components of a portfolio system of agreements
for limiting climate change risk, including adaptation, geoengineering,
and air capture. The last section of the chapter concludes with some

final thoughts.

Kyoto's enforcement challenge

The Framework Convention on Climate Change was negotated
years before Kyoto, but because it 15 linked to Kyoto, parties to the
Convention have sought to define its collective goal in terms that are

compatible with Kyoto, At the GE summit held in Hokkaido, Japan
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in July 2008, the G8 members agreed that they would “share wiath
all Parties to the UNFCCC the vision of, and together with them to
consider and adopt in the UNFCCC negotiations, the goal of achiev-
ing at least 50% reduction of global emissions by 2050...™

Climate negonations have been going on for so long that history 15
beginning to repeat itself. In 1988, at a guasi-polincal conference held
in Toronto, participants concluded that global CO, emissions should
be reduced 20 percent from the 1988 level by 2005. Through 2004,
however, global emissions imcreased 32 percent.’ The UNFCCC's
framing of the challenge, thus, has not helped. Of course, from the
perspective of the climate, only global emissions matter, and so there
15 a logic to expressing the collective goal in these terms. The problem
is that this approach creates no incentives for countries to limit their
emissions. It 1s easy to reach agreement on a collective goal. If every-
one 15 responsible for meeting it, no single country 1s responsible for
meeting it. This 15 why the Kyoto Protocol was needed: its purpose
was to establish individual country emission limits.

Setting a global emissions target only helps if a way can be found
to disaggregate the overall target and to enforce country- or source-
specific emission limits. This 15 how Title IV of the US Clean Air Act
Amendments of 1990 is designed. This law establishes a total cap
on sulfur dioxide emissions for all large power plants in the United
States (the imtial cap was set to about 50 percent of the levels emitted
in 1980).* It then allocates this total to individual plants. Finally, it
allows the operators of these plants to trade sulfur dioxade allowances.
Trading creates an incentive for operators to meet the overall emis-
SI0NS LArget at minimum cost.

Though the trading arrangement in this law mspired Kyoto's design,
other features of the US sulfur dioxade program are more important.
Participation in Title IV 15 mandatory and non-compliance is penal-
1zed severely, Indeed, the penalty for non-compliance 1s so severe that,
in 2006, compliance was 100 percent.® Title IV is successful because it
15 enforced centrally, by the US government.

* www.mofago jplannouncefspeech/un 2008/ un08 10-2_html.

i Bee http:ur.l'cd.in:.Dml.g:w.l'ﬁprrdpﬂlﬂ."glnhn|.1.?5J_1D|:|:T.=r.n:.

* For a summary of the aod rain program, see weaow.epa.goviarmarckess'
propsrepsfarpiindex_himl.

* Bee wwrw epa.goviarmarketsprogressdocs 2 00E-ARP-Reporepdi, p. 11.
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An mternational climate change treaty cannot be enforced in the
same way. [here is no world government—there are, instead, nearly
200 governments, each accorded sovereign equality in international
law. Under the rules of international law, states participate in a treaty
(such as Kyoto) on a voluntary, not mandatory, basis. Customary law
says that states must comply with their treaty obligations, bur this
does not create an incentive for compliance. It creates an incentive to
negotiate obligations that countries will want to meet anyway, treaty
of no treaty. If a treaty is to sustain international cooperation, it must
create incentives for parties to comply. Of course, to be effective, it
must also create incentives for states to participate.

Kyoto lacks both arrangements. It provides no mcentive for par-
ticipation, which explains why the United 5tates 1s a non-party. It
also provides no incentive for compliance, which is why Canada—a
party to the Protocol— has declared that it wall emit much more than
allowed by Kyoto.

The problem is not with these individual countries but with the
design of the agreement. China is a party to the Kyoto Protocol and
it will comply, but that 15 only because Kyoto does not require that
China reduce its emissions. Russia is a party and it will also comply,
but that is only because Russia’s Kyoto limits are so generous that
they do not bite. Other parties, like Japan and Mew Zealand, face
emission limits that do bite, but it is not yet clear whether these coun-
tries will ultimately comply. They could comply by purchasing surplus
credits from countries like Russia, but then their compliance would
not help to reduce global emissions. What would be the point? They
could comply at some cost, but why should they do that when other
countries {like the United States, Canada, China, and Russia) are
not reducing their emissions? Compliance by some members of the
European Union also appears challenging. Spamn has the largest gap
between actual emissions and its Kyoto limit of any country. Denmark
i5 well off its individual targer. However, thanks to the European
“bubble™ and substantial reductions by other EU member states {in
part for reasons having nothing to do with their climate change poli-
cies), Spain and Denmark are not bound by their individual limits so
long as the original fifteen members of the European Union meet their
collective limit. Australia recently ratified the Kyoto Protocol, but
because of the Protocol’s provisions for land wse, land-use change,
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and forestry (known to climate insiders as LULUCF), Australia is
within its Kyoto limit and will have to do very little, if anything, to
comply.®

Omne current strategy 15 to make Kyoto’s emission-reduction obhiga-
tions more stringent, but if that is all that is changed, the effect will be
the same. A means must also be found to enforce a new agreement.

Trade restrictions in a post-2012 agreement?

President Sarkozy of France has sugpested that trade restrictions
be considered for enforcing a new mternational climate agreement.
Nobel-prize-winning economist Joseph Stglitz (2006) has likewise
recommended this approach. Should it be used:”

Trade restrictions can serve two purposes. They can be used to
correct leakage. They can also be used to promote participation (that
15, deter free riding).

For example, leakage can be addressed by “border tax adjustments.™
Parties to a new treaty would agree to impose a tanff on imports from
non-parties and give a rebate on exports to non-parties, where the
tarift and rebate would equal the cost of meeting treaty obligations,
as embodied in the price of traded goods. How would these values be
determined? Calculating the emissions released i the manufacture of
a particular good s difficult. Two identical products, manufactured
in the same country, might have very different “carbon footprines™
{depending, for example, on how the electricity used as an input to the
manufacturing process was generated). Cruder calculations might be
contemplated (and most policy proposals have simplified the issue by
tocusing on the most rade-sensitive and energy-intensive sectors), but
sector-specific taxes aimed at reducing leakage would also be hard to
calculate.® Moreover, as trade restrictions became cruder, they would
be less effective at reducing leakage.® Finally, crude border tax adjust-
ments could serve as a disguise for protectionist measures.

& LULUCF 15 normally treated differently from emisions becawse of vanous
accounting and incentive problems. For example, carbon accumulated m for-
estry may later be released.

7 5ee Jeffrey Franked's paper on this subject in the same senes for the Harvard
Project on International Chmate Agreements. See also Houser e al. (2008),

® For example, Hoel [1%%6] shows that there 15 no simple relasionship betwesn

fossi]-Fuel imen:il:}' and the -'_|-|:||:|ma.| m:thpn:iﬁn: carbon tax.
# Spe Oliveira-Martins &1 ol (19592).
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Trade restrictions intended to promote participation can be blunt.
Indeed, ideally, they would not need to be imposed at all—the cred-
ihle threat to impose them would suffice to make all countries want
to participate. Better still, if trade restrictions impelled all countries to
participate, not only would free nding be eliminated, but so too would
leakage.

Unfortunately, blunt punishments cannot be relied upon to work
this way. To make countries want to participate, trade restrictions
would have to be severe. But the threat to impose them would also
have to be credible. That is, parnciparing countries would have to be
better off imposing the punishment than not imposing it in a situa-
tion where participation is less than full. The reason this may not be
credible is that trade restrictions harm the countries that impose them
as well as those on the receving end. Worse, punishments typically
become less credible as they become more severe.'”

The legiimacy of using trade restrictions to enforoe an agreement
may also be challenged. Who should decide what a particular country
should be required to do? Who should decide the punishment that 1s
appropriate should that country fail to fulfill this obligation? Suppose
trade restrictions were to be imposed agamst the United 5tates for
not ratifying Kyoto. Might not the United States claim that Kyoto's
base year (1990) favored Europe, or that its own efforts to promote
R&D were at least as helpful in addressing climate change? Suppose
that China were to be the target of trade restrictions. Might not China
arpgue that its economic development is the greater prionty or that the
rich countries are primarily responsible for the accumulation of GHGs
to date? Trade restrictions that lack legiimacy may only spur retali-
ation—and lead to trade wars. Britain’s efforts to bring the topic of
chimate change up for debate at the United Mations Security Council
in 2007 hints at the reactions that might follow the mclusion of trade
punishments in a climate change treaty. Countries without permanent
representation on the Secunty Council felt that the ssue should have
remained with the General Assembly, where every country has one
vote. The meeting ended without even a statement, let alone a resolu-
tion. Were one group of countries to seck to impose a climate agree-
ment on others, backed by the threat of trade restrictions, an even
stronger response would seem possible if not likely.

10 Spp Rarrett | 20605
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To be effective, trade restrictions would need to enforce compliance
as well as participation. Otherwise, countries could participate and
then choose not to comply to avoid both the trade restrictions and the
need to reduce emissions. Will parties to a future chmate treaty agree
to this? Would Kyoto's current parties agree to trade restrictions as an
enforcement mechanism when some of them are already ar nsk of not
complying?

Finally, it cannot be assumed that every other aspect of a treaty
would remain unaltered if trade restrictions were used for enforce-
ment. Countries might insist that their obligations be weakened as the
price for accepting trade restnictions. If so, then the adoption of trade
restrictions will not have achieved very much.

I want to conclude here by saying that the case for (or against)
incorporating trade restrictions is far from obvious. We have seen
what happens when there 15 no enforcement mechanism—global emis-
sions have kept on nsing. But we haven’t seen what happens if trade
restrictions are used for this purpose. It might be that they will improve
matters. It might be that they will make no difference. Or it might be
that they will make matters worse—failing to help the chimate while at
the same time depriving countries of some of the gains from trade.

Indeed, 1 shall arpue later that trade restricions may be more
helpful in enforcing a different kind of agreement—one that focuses
on hmiting the emissions of individual sectors rather than of whole
ECONOMIES.

The logic of sectoral agreements

Earlier 1 explained that it makes scientific but not polinical sense o
limit global emissions. It makes scentific sense because only global
emissions matter for the chimate. It does not make political sense
because there 15 no world government able to enforce a global limit.
Now [ want to extend this argument to say that it may not make
political sense to limit emissions at the national level either. This
15 because national, economy-wide limits are difficult for a state to
enforce. It is easier for states to enforce limits on the emissions of
individual sectors.

Consider how states have chosen to implement Kyoto. No country
has a single, economy-wide policy for meening its Kyoto obliga-
tions, even though those obligations apply to entire economies. The
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European Union Emission Trading Scheme (EU ETS), for example,
covers less than half of EU emissions."! Sweden arguably has the most
well developed climate change policy of any country, but its approach
involves both “sector integration™ (every sector plays a part towards
meeting the overall goal) and ®sector responsibility™ (different sectors
have different obligations). In other words, even Sweden's economy-
wide policies differentiate by sector. Its carbon tax, for example,
offers relief for energy-intensive industnal operations.’ The mismatch
berween the approaches taken to implement Kyoto and the way in
which the Protocol’s obligations were expressed hints thar a different
design, focused on individual sectors, would work better.™

To be sure, it 15 feasible to limit an economy’s total emissions.
Proposals in the United States for an upstream cap-and-trade program
are economy-wide in their reach. However, other proposals in the
United 5tates target individual sectors (as was done in the previously
mentioned Title IV program for sulfur dioxide emissions), and it is
not obvious which type of proposal will eventually become law. A key
1ssue 15 likely to be the possible vulnerahility of trade-sensitive indus-
tries under an economy-wide cap. If firms that compete with US firms
are based in countries that do not limit emissions, comparative advan-
tage my shift towards these countries, harming the *competitiveness™
of Us companies. This means that the emissions of these other coun-
tries may increase as a consequence of the United States restricting its
own emissions—a phenomenon known as “leakage.” Concern about
leakage 1s the reason that Sweden offers its energy-intensive industries
relief from its carbon tax.

To be clear, an economy-wide policy would be cost-effective, but it
would not be efficient from the perspective of a country acting to limic
emissions unilaterally—not if leakage were significant.

Though Kyoto is an economy-wide agreement, it makes exceptions.

I It is worth nnting that Trtle T'l.", discussed previ-:m:h‘, is also a sectoral p-ulin:]:.
12 See Minsiry of Sustamable Development (2005). The Swedish Begport om
Demonstrable Progress Under the Kyoifo Protocol. Avatlable at www sweden.
govseloontent Lch/ D4 TENT4057513 pdf.

The Amencan Clean Energy and Secunty Act of 2009, which was approved by
the Unsted States House of Representatives, contains an economy-wide, cap-
and-trade component, but also numerous sectoral poliaes, such as performance
standards for new coal-fred power plants, investment in an electric vehacle
inl:ra.strucl'u.rr:, :Eﬁcimc}' standards for a|:||:||:i:|:|1-:re-s, emession standards for awto-
muobiles, and =0 on.
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It excludes emissions from aviation and marine transport. One reason
is that it 1sn’t obvious how the responsibility for lowenng these emis-
sions should be allocated. Take the case of ocean shipping. Should the
state where a ship refuels be responsible? Or should the responsible
state be the one in which the operator i1s based, or the owner resides,
or the ship is registered (these are often three different states)? Another
reason for excluding aviation and marme transport is that, no matrer
how responsibility is assigned, restricting emissions at the country
level creates an incentive for unwanted behavioral change—for ships
to re-register with a non-party, for example. This 15 an extreme version
of trade leakage.

Article 2.2 of the Kyoto Protocol says that emssions from avia-
tion and marine transport should be reduced, but through arrange-
ments made outside the Protocol, by the parties “working through
the International Ciwil Aviation Organization and the International
Mantime Organization, respectively.” 5o far, parties to both organ-
zarions have failed to act, bur the motivation for treating marine and
aviation emissions outside of Kyoto remamns compelling. These are
international transportation systems. In systems it 1s imperative that
different parts be compatible. The reason the above two organizations
were formed in the first place was to provide a forum for choosing
global standards. (Under rules established by the International Civil
Aviation Organization, for example, pilots flying internationally must
speak either the local language or English, while controllers must be
able to speak both languages. This rule ensures that pilots and con-
trollers can always communicate in the same language.] Both organi-
zations could play a role in choosing standards for reducmg GHG
emissions from their respective sectors.

For example, Farrell, Keith, and Corbett (2003} have supgested
that manne transport may offer attractive opportunities for switching
to hydrogen fuel. One reason for this is that ports are often located
near refinery operations, where hydrogen 15 already produced and
where carpo vessels already refuel. Such network effects have already
transformed other aspects of ocean shipping, such as standards for ol
tankers, which imitially required separate oil and ballast water tanks
but later evolved to require double hulls (Barrett 2007a). Parties to the
International Maritime Organisation could establish a new standard
tor hydrogen-powered container ships. This would require that ports
make the fuel available and that individual governments ban ships
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{above a certain size] that are not powered by hydrogen. As more
countries impose this standard, the incentives for others to do likewise
would increase.

Motice that marime transport can be made carbon neutral in this way
(assuming that hydrogen production is carbon-free] without needing
to agree on an allocation of property nghes. Even more importantly, so
long as the network effects are strong, the arrangement described above
will be self-enforcng. We have some assurance that this arrangement
can work in the manne shipping context because it has worked to limit
damage to the oceans from deliberate and acoidental releases of ol

The same logic can apply to those parts of the economy that are
included under Kyoto emission caps, such as road transport. The
economics of hydrogen for automobile transportation are currently
unattractive because of the need to change transportation infrastruc-
ture—especially the fuel distribution system, refuelling stations, and
vehicles. Currently, electric vehicles seem to have the edge, especially
as the plug-in hybrid could possibly act as a bridge to an all-electric
future. Plug-in hybrids are similar to hybrids on the road now insofar
as they run on electnoty and gasoline. The difference 1s that plug-in
hybrids have bigger batteries that can be recharged from the grid.
People with garages can charge them at home now. In contrast to the
all-electric car (which, given current battery technology, continues to
suffer from restricted dnving range between charges), plug-in hybrids
can be dnven long distances, making use of the existng refuelling
infrastructure. Some people (depending on relative prices) may want
to purchase these cars now. As plug-in hybrids penetrate the market,
the number of electrical outlets for recharging will increase. The incen-
tive to improve batteries for extended travel in electric mode will also
increase. Both of these developments will improve the sconomics of
the all-electric car.

As with international manne and aviatnion transport, the road trans-
portation systems of different (especially contiguous) countries must
be compatible. Plug-in hybrds are compatible with existing infrastruc-
ture. Their use can spread to new geographic regions under current
conditions, Wider adoption by more countries will allow economies
of scale and learning to be exploited, helping to increase marker pen-
etration further. In short, the adoption of plug-in hybrid vehicles may
spread without the need for mternational cooperation. By contrast,
the all-electric vehicle may fail to take off without an international
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agreement. At mimmum, an international agreement may be needed
to facilitate the transition to an all-electric vehicle future.™ Note as
well that technical standards create an automatic trade restriction
that i1s legal (so long as the standards are non-discriminatory} and
casily admimistered. This also helps to encourage the proliferation
of common standards. It 15 by this means that the catalytic converter
coupled with the use of unleaded gasoline became a global standard.
Of course, a switch to electrnic (or hydrogen) vehicles makes it even
more imperative that emissions from electricity generation be cut very
substantially. I discuss the electric sector later in this chaprer.
Another sector excluded by Kyoto s deforestation. This 1s an impor-
tant omission since deforestation 15 esimated to be responsible for
around 18 percent of global GHG emissions (Bradley et al. 2007: 44].
There is wide agreement that the deforestation “loophole™ needs to be
closed, and there are proposals for doing so by creating “credits™ for
avoided deforestation.'® However, there are also good reasons why
avoided deforestation was left out of the Kyoto Protocol in the first
place. Forest loss is sometimes beyond the control of individual parties
{as in the case of forest fires), the potential for leakage is huge, the ben-
efits of avoided deforestation are reversible, and establishing a base-
line for the purpose of calculating credits 1s fraught wich difficulties.
Policies to reduce deforestation are needed, but they will be imperfect.
Indeed, while afforestation and reforestation (tree planting, essen-
tially} are counted by Kyoto, “trade” in forestry-based credits between
developing (non-Annex I) countries and developed (Annex [) coun-
tries under the Clean Development Mechanism {CDM) has been very
limited. 50 far, only one such project has been approved, and this
project has been unable to find a buyer. As noted by Basu (2009: 146],

“Because of their uncertain environmental value, forest-generated

4 We al.rv:nd}' have an agresment for ]'urrrmni:r.ing automobile standards—the
Agreement Concerning the Establishing of Clobal Technical Regulanons for
Wheeled Yehscles, Equipment and Paris which can be Fitted andfor Used on
Wheeled Wehscles, See www unece.orgltransmamfwpl Uwpl Jweshwp2 Sgen'
wplﬁ'g]nhl'gluluh.pdl:. An Agresment on mew awtomobile standards could be
negotiated as an amendment to this agreement.

See, for example, Scott L. Malcomson, “Leafomomecs,” Wewe York Timres,
20 Apnl 2D0E, at  www.onytmescom/ 20080420 magazine!2 tvowln-es-
::]-'-1.|'.|I:rnJ?partrb:r\-r:m}'tS{ﬂ'rh:-rss. The UM's Reduced Emissions from
Deforestanion and Forest Degradaton Program, or UN-BEDD, also creates

emission ©credsts.”
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credits are expected to fetch only $4-53 apicce in the global markets,
compared with the §20-$25 ferched by carbon credits from other
offset schemes.”™ The EU currently does not allow forestry credirs
such as these to be traded within its Emission Trading S5cheme, thus
voting with its feet, as it were, to ring-fence forestry, so as not to allow
forestry activities to contaminate other efforts to reduce net emissions
(other CDM projects are allowed).

To sum wp this section, the Kyoto Protocol's lomits are not truly
economy-wide, and while there have been proposals to develop a
more comprehensive agreement, there was a logic in the original
design, which treated different sectors—notably manne and aviation
transportation, and deforestation—differently. This logic could also
be extended to other sectors that are presently included in Kyoto's
emission caps. [ take up the question of whether a more frapmented
approach should substitute for a broader agreement, or be additional
to a broader agreement, in a later section.

Separate agreements for different gases

The logic of breaking the global mitigation challenge up into pieces
can also be extended to the different types of GHGs. Indeed, one of
the six gases controlled by Kyoto has already been addressed under
a different agreement—the Montreal Protocol, which was created to
protect the ozone layer, not to limit climate change.

Protection of the ozone layer has both positive and negative imphi-
cations for climate change, but a 2007 study concluded that, overall,
the Montreal Protocol has been very effective in mitigating climate
change.’ Indeed, the study calculates that the Montreal Protocol has
done more to address global climate change than the Kyoto Protocol,
even assuming that Kyoto worked as ongmally intended. Already, this
study estimates, the Montreal Protocol has reduced GHG emissions
by four times as much as the Kyoto Protocol planned to do.

In late 2007, months after the above study was published, the
Montreal Protocol was revised again. This time, an earlier agreement to

phase out hydrochlorofluorocarbons (HCFCs) was accelerated. HCFCs

9 See Welders et af. [2007). ﬂ:urhe—-d.ephti.ng; substances also have a wa.rming
effect in the atmosphere, but so does stratcsphenc oeone itself and so do many
af the substitutes for orone-depleting substances.
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are a category of GHGs, though they are not regulated by Kyoto (for
the reason that they were already controlled by the Montreal Protocol).
However, the manufacture of HCFCs produces HFCs (hydrofluorocar-
bons) as a byproduct, and HFCs (which are a GHG but not an ozone-
depleting substance] are controlled by Kyoto. This new agreement thus
adds to the Montreal Protocol’s earlier achievement.

The implication 1s that, had HFCs been addressed im a separate
agreement, they could have been cuot dramatically and perhaps
phased out—not only by Kyoto's Annex [ countries, but globally. By
pooling HFCs with the other GHGs within Kyoto's structure, less was
achieved.'”

Why has the Montreal Protocol succeeded where the Kyoto Protocol
has failed? An important reason is that climate change and ozone
depletion are different problems. Ozone depletion threatens human
health directly, and can be avoided at relatively low cost. There are,
however, other reasons—reasons having to do with the design of these
treaties and how these designs address the underlying challenges.

Four observations are especially important. First, Montreal requires
that alfl countries cut their emissions, whereas Kyoto only limits the
emissions of Annex [ countries. Second, Montreal controls production
and consumpiton whereas Kyoto only limits the emissions arising from
production. By restricting consumption (defined as production plus
imports minus exports), Montreal dampens the potental for emis-
sions leakage through trade. Third, the Montreal caps are permanent,
whereas Kyoto's last only five years. Permanent limits create an expec-
tation of a fundamental shift in global demand, stimulating mnova-
tion. Finally, Montreal created strong incentives for both participation
and compliance—"carrots” in the form of financial payments from
rich to poor countries, and "sticks™ in the form of trade restrictions
between parties and non-parties to the agreement. Kyoto only offers
financial assistance through the fauley CDM; as discussed earlier, it
lacks an enforcement mechanism.

The lesson is not that an international climate agreement ought to
have the features of the Montreal Protocol. These are different prob-

1" Indeed, there 15 evidence thar Kyoto maght achually have created mcentives for
HFC production to ircrease. According to Michael Wara (2007: 598), produc-
ers of HCFCs can earn more from Clean Development Mechanism (CDM)

credits for the HFCs produced as a byproduct than from the HCFCs themselves,
Thes 15 an dlustration of one problem with the COM—establishing a baseline.
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lems; they will have different solutions. The lesson is that, by pooling
all gases and sources together, Kyoto loses the leverage that can be
brought to bear in controlling, i this instance, one type of GHG inde-
pendently of others. Montreal has shown us that a different design
would have achieved much more.

Sectoral agreements again

Although the Montreal Protocol’s production and consumption limits
are economy-wide, they are determined with a view to how indi-
vidual sectors can substitute away from controlled chemicals, and
they take into account the benefits to be denved from these changes.
For example, the adjustments agreed in late 2007 were grounded
in a very detailed analysis of individual sectors, including refrigera-
tion and air condioning, foams, medical aerosols, and fire protec-
tion.'® The Technology and Economic Assessment Panel (TEAP) that
advises parties to the Montreal Protocol includes members who are
“influential in technical standards orgamizations, industry associa-
tions, and private and public regulatory authonties™ {Anderson and
Sarma 2002, p. 441). The members from environment ministries “use
knowledge of emerging technology to time regulatory approval with
commercialization,” while industry experts are *influential in crafting
regulatory incentives necessary to stimulate investment and rapdly
achieve economies of scale™ {Anderson and S5arma 2002, p. 441},

A consequence of this process is that, by the time treaty parties
approve TEAP recommendations, the political, economic, and tech-
nical feasibility of their implementation is virtually assured. As
explained by Parson (2002], Montreal’s “success was not achieved by
the control measures in the onginal treaty. Instead, it was achieved
by rapid adaptation of the controls and the flood of innovations that
followed. The protocol’s novel process of assessing alternatives to
ozone-depleting chemicals was central to this adaptation.”™ Parson
adds, “These linked processes of assessment, innovation, and dif-
fusion were so powerful they almost made the regulations appear
superfluous, as private reduction efforts stayed consistently ahead of
regulatory requirements.”™

1% Seeheepaioeone.unep.org/teap/Reports TEAP_Reports/TEAP-TaskForce-HCFC
-Aug 2007 pdi.
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For climate change, Parson suggests that more progress might be
made if technology-based assessments were undertaken in key indus-
trial sectors such as steel, smelting, chemicals, and pulp and paper,
and in other areas that offer significant abatement potential, such
as improving the fuel efficency of vehicles; developing power-plant
carbon capture and storage; and reducing industrial emissions of
HFCs, perfluorocarbons (PFCs), and sulfur hexafluonde [SFﬂ].

This process of technology assessment was made effective by
structural features of the Montreal Protocol. Several of these features
could—and, I would argue, should—feature n a new climate treaty
regime.

First, a climate treaty’s obligations, whether for an individual sector
or a particular type of gas, should apply globally. Developing coun-
tries should not be exempted from meeting new global standards, as
they were from reducing their emissions under Kyoto (though, as with
the Montreal Protocol, it may be desirable in some cases to establish a
different transition path for developing countries).

Second, developing countries should be offered financial assistance
to reward their participation and aid their comphiance. This assistance
should be based on the principle of “incremental cost,” meaning that
developing countries should not be made worse off for participating
and complymng as compared with an alternative scenario where the
agreement did not exist. In contrast to Kyoto, payments would not be
made for “hot air.™ Nor would surpluses be paid [as they are, except
at the margin, under a trading system). This arrangement will lower
the cost to rich countnes of achieving emission reductions in poor
countries and thus encourage greater action to limit emissions.

Third, trade restrictions should be used to enforce agreements for
trade-sensitive sectors. Since developing countries would be compen-
sated for participating in and complying with these agreements, and
since the aim of the agreements would be to create universal standards
tor a “level playing field,” the use of trade restnctions in this context
would have legiomacy. The threat of trade restnictions should also
have a high chance of being credible, since parties to such sectoral
agreements would not want non-parties to have an “unfair” advan-
tage in international trade. Moreover, the trade-sensitive sectors are,
by definition, especially vulnerable to leakage. Applying trade restric-
tions to non-partiecs would help to reduce leakage, thus making cred-
ihle the threat to apply restrictions (Barrett 2005).
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Finally, treaty obligations should be expressed i terms of con-
sumption and not only production. Importing countries should agree
to import only goods that were produced by methods that meet
global standards. This measure reduces the market for non-partici-
pants and increases the market for participants. It thus encourages
participation.

The aluminum sector is a prime canduate for a sectoral agree-
ment.'® It 15 a concentrated industry: twelve countries account for 82
percent of global production; ten companies produce more than half
of world output. The industry employs just two smelting technologies,
and emissions can be reduced substantially by re-melting aluminum
scrap, which is 95 percent less GHG-intensive than primary aluminum
production. Finally, twenty-six companies, making up 80 percent of
world output, belong to the International Aluminium Institute, which
has already adopted voluntary energy intensity targets. There exists a
basis here for negotiating new global standards for the industry, in a
manner similar to the TEAP, backed by international enforcement.

The precise nature of such an agreement would need to be worked
out by the parties, in association with the industry—demonstrating the
value, again, of technology assessment. One possibility 1s to require
that all smelters employ the more efficient Prebake smelting technaol-
ogy (some facilities in developing countries stll rely on the less effi-
cient Soderberg technology). Another possibility 1s to limit upstream
emissions associated with electricity inputs to the production process.
A final possibility 15 for an agreement to reduce emissions of PFCs.
There 1s tremendous variation among aluminum plants in the amount
of this gas that s emitted—and opportunities, therefore, for the lower
emission rates to serve as an ndustry standard.*" Other obvious candi-
dates for sectoral agreements inclede steel and cement. ™!

A final question is whether sectoral and individual gas agreements
should substitute for an economy-wide, multi-gas agreement or
whether the different types of agreement should coincide. The latter
possibility may be more cumbersome, but 1t has the advantage of
being more evolutionary. Owver time, we can shed the agreements that
prove superfluous or ineffective.

" 1 am drawing here from the excellent study by Bradley et al. (2007], especually
pp- 37-8.

A Watson efal. (2005) p 120

2 Apain, see Bradley e af. (2007).
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R&D

An area where linkage is certainly needed concerns policies to reduce
emissions and promote R&cD.

The Kyoto Protocol lasts just five years—too short a perod to
provide incentives for firms to make major investments in new tech-
nolopies for reducing emissions. Patents typically last 20 years. If a
treaty 1s to create incentives for industry to mnovate, its obligations
must last at least as long.

Preferably, and as noted previously, the obligations expressed in a
treaty should hold indefinitely and thus prevent backsliding. Future
adjustments and amendments can ratchet up the acnons required. It
may be difficult for a climate treaty to do this if the goals are expressed
as emission limits—in that case the question arises, would permanent
limits be credible? It may be easier if goals are expressed in some other
way—as technology standards, for mstance. It 15 sometimes claimed
that technology standards have the opposite problem of “locking in™
a given level of performance. However, there s evidence to counter
this claim. The oceans have been protected from ol releases by a suc-
cession of technology agreements, each one more demanding than the
last.™

The Kyoto Protocol has the additional shortcoming that it creates
little incentive for countries to mvest in R&D. The product of basic
research 15 knowledge, and knowledge (by social choice) cannot be
patented. Instead, the production of basic research must be stimulated
by public financing—by national laboratories undertaking research
directly, by research grants being awarded on a competitive basis to
universities, by research subsidies being paid to industry, or by prizes
being awarded for research success. Energy R&D spending was flat
after the UNFCCC was adopted in 1992; 1t changed Inttle after Kyoto
was negotiated; and it has remained steady since Kyoto entered into
force.™ Kyoto's design does not promote R&:D directly.

Failure to stimulate R& D makes long-term progress in reducing
emissions difficult. Basic knowledge and technology development are
complements. The returns to each activity increase in the level of the
other activity. Both activities are also crucial to addressing climate

L Rarrect {20077 a).
B See Doornbosch and Upton (2006,
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change. Reducing emissions dramatically will require a technological
revolution.

Knowledge 15 a global public gpod. Countries—especially large,
rich countnies—have incentives to mvest in R&D, individually in
some cases and collectively in others. However, in the case of climate
change, the returns to supplying one global public good (knowledge)
depend on the returns to supplying the other (using the knowledge to
reduce GHG emissions).

We know that the incentives to conduct research into nuclear
fusion are strong, because countries have already cooperated in this
research.® Fusion power, however, promises to yield benefits unre-
lated to climate change, in addition to climate benefits. The incentives
to undertake R&D into carbon capture and storage, by contrast, are
much weaker. They depend entirely on the prospects of the knowl-
edge emerging from this research being embodied in new technologies
that are actually diffused, and these prospects depend in turn on the
strength of future incentives for countries to cut their GHG emissions
(Barrett 2006). As noted previously, these mcentives are likely to
remain weak even with an international climate agreement unless a
way can be found to address the enforcement challenge.

Electricity 15 not usually traded (that is, it 1s mostly generated in the
country where it is consumed), and so the emissions from this sector
cannot be controlled in the same way as emissions from sectors like
aluminum and transport. This, of course, is another reason why it
makes sense to break the larger problem up to accommodate different
approaches for different sectors.

Though trade restrictions cannot be used to enforce an agreement
on clectricity generation, at least we do not need to worry about
leakage compounding free nder incentives. Recall that Title IV of the
Clean Air Act Amendments of 1990, which limits power plant ems-
sions of sulfur dioxide, was adopted as a U5 law. It was incorporated
within a bilateral agreement with Canada, but only after being passed
as domestic legislation. This law did not make any provision for
trade restrichions because leakage was not a problem. Nor was free

riding, because the domestic benefits of Title IV outweighed the costs.

* The Internanonal Thermonuclear Experimental Reactor, bemg built now in
France, 15 a cooperative endeavour, supported by the European Union, China,
Indza, Japan, South Korea, Rusna, and the United States—the same countries
that wall need to cooperate in addressing chmate change.
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A chmate change treaty requiring, say, that all new coal-fired power
stations be fitted with carbon capture and storage would need to over-
come free rider incentives.

How might this be done? One possibility 15 to make the policies of
different countries contingent. Forexample, an agreement could require
that all new coal-fired power stations be fitted with carbon capture and
storage, with this obligation being binding on individual countries only
so long as the treaty’s minimum participation condition was met. This
arrangement would address one of the monvations for free nding—
the fear that, should your country cooperate, others will not, with the
consequence that your country helps free riders but 1s made worse off
itself compared with a situation in which cooperation fails completely
{Barrett 2005). To provide additional reassurance that other parties
really will adopt the new standard, the agreement could require that
parties adopt domestic legislation mandating the technolopgy standard.
This would shift the compliance burden onto domestic institutions (par-
ticipation would still need to be enforced internationally, but that would
be the purpose of the minimum participation clause noted above).

Two problems with carbon capture and storage cannot be avoided.
The first is that it 15 more costly and results in more local pollution
emissions than an equivalent plant without carbon capture (this 15
because capture requires energyl. It will never be something coun-
tries implement on a major scale unilaterally. A way must therefore
be found to enforce participation in an agreement that mandates the
use of this technology (or that prescmbes emissions constraints that
can only be met using carbon caprure and storage). Second, geologic
storage will introduce new nsks, particularly if done on a substan-
tial scale. Some of these nsks are local (tharm to groundwater, for
example). Some are global (leakage of CO, into the atmosphere).
{Deep ocean storage introduces other risks. |

A prionty for action now must be to advance both carbon capture
and geologic carbon storage. R&D must demonstrate the economics
of large-scale, integrated power plants with carbon capture, and find
ways to lower costs and improve efficiency. It must also demonstrate
the safety of underground storage. Because the benefits of this R&D
lic entirely in supplying the global public good of climate-change
mitigation, this research will need to be coordinated. Indeed, there
15 almost certainly a need for international cooperation in financ-

ing R&D in this area. The Carbon Sequestration Leadership Forum
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(with twenty-one member states) 15 a “framework for international
cooperation in research and development for the separation, capture,
transportation and storage of carbon dioxide.™ The Forum does not
undertake R&D. Its purpose is to share mformation. About twenty
large-scale carbon capture and sequestration demonstration projects
are now being planned, but as noted by the International Energy
Apency (IEA 2008: 276, the list of such plants is “changing rapidly...
due to a number of project cancellations as well as new projects being
announced.™* We should be able to rely more on R&D in this vital
area.

R&D apreements do not require universal participation or even a
high level of participation. They can involve a small number of coun-
tries. The ITER nuclear fusion project, for example, 1s supported by
the European Union and six other countries. Countries contribute to
an effort like this when they benefit from the fruits of the research
and their contributions are pivotal to the project going ahead. They
also contribute so that their scientists can learn from colleagues based
in other countries—a pgreater benefit when a country i1s engaged in
complementary research programs. In these situations, other countries
may free ride, but their free nding need not undermine the provision
of knowledge-based public goods (Barrett 2007a). High participa-
tion levels are important only for agreements that aim to reduce
SIMISEHNS.

Adaptation

Countries have exceptionally strong incentives to adapt. They have
incentives to adapt in resporse to climate change, to imit the damage
from climate change, and they have incentives to adapt in amircipation
of climate change, to insure agamst future damage.

= See wwwaoslforumeorg/publhicatnonsidocuments"CSLFcharter. pdf.

# The United States had planned to build a "clean coal™ pilot project called
FutureCien. The plant was to produce hydrogen and electricaty from coal while
using carbon capture and storage to sequester the 00, underground. The ini-
tiatzve was launched i 2003, In December 267, a srte was wlected. & momth
later, the project was cancelled, ostensibly because the cost had nsen from
51 hallion to 318 billbon. See M. L. Wald, *Higher Costs Crted as U5, Shuts
Down Coal Progect,” Neww York Tomes, January 31, 2008; available ab v,
nytimescomd 2EED 13 L business 3 I coal heml? ref=environment& pagewanted

=all. Recently, the ("hama adminsramon reversed thes decision.
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In contrast to mitigation, the benefits of adaptation are excluda-
ble—they need not be shared with outside parties. Much adaptation
will therefore be done “automatically™ by the market. Much of the
rest will require povernments to mvest in local public goods (such as
augmenting the Thames Barrier], the benefits of which will be largely
internal to the countries that supply them.

Poor countries are especially vulnerable to climate change. This 1s
partly because of their geography (Mendelsohn, Dinar, and Williams
200a). It 15 also because poor countries lack the capability to adapt.
Adaptation requires the same institutions as development. Poor coun-
tries have weaker market mstitutions, and their povernments rou-
tinely undersupply basic local public goods (like immunization). Poor
countries are also less accustomed to cooperating with each other to
address cross-border challenges like malaria, which may become an
even greater threat with climate change.

Mitigation will depend mostly on the efforts of the nichest countries
{not only as regards their own abatement but also their willingness to
finance abatement by other countnes). However, these countries are also
more capable of adapting. The rich countries may, therefore, substitute
the local public good of adaptation {the benefits of which are captured
locally) for the global public good of mitigation {the benefits of which
are distributed globally), leaving poor countries more vulnerable still.
Climate change thus has the potential to widen existing inequalities.

Compassion might move nch countries to offer assistance to the
poor: but there is a more powerful motive: the rich countries are
responsible for the poor needing to adape.

Rich countries have already accepted that they are obligated to
assist poor countries with adaptation. Article 3 of the UNFCCC says
that rich-country parties to the Convention shall “assist the develop-
ing country Parties that are particularly vulnerable to the adverse
effects of climate change in meeting costs of adaptation to those
adverse effects.” However, the agreement does not say how much
money the rich countries ought to provide or the basis for determining
this amount. Nor does it mention burden sharing. How much should
each rich country contribute?

The Kyoto Protocol made a first attempt to define and implement
the obligation of rich countries to assist the poor. It established an
adaptation fund, financed by a levy on CDM transactions {the CDM
allows nich countries to fulfill their emission-reduction obligations
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by obtaining credit for emission reduchions they finance m poor
countries). However, there are three problems with this arrangement.
First, the amounts of money that will be needed for adaptation bear
no relation at all to the amounts raised by CDM transactions. Second,
taxing CDM transachions penalizes efforts to supply the global public
good of mitigation. Finally, since the United 5tates is not a party to
the Kyoto Protocol, s obligation to assist developing countries (an
ohligation it accepted under the UNFCCC) cannot be fulfilled by the
CDM. For all three reasons, a different approach s needed.

What form this new approach might take 15 presently unclear. The
priority at this time should be to make investments in development
that wall reduce future vulnerahility. An obvious area for investment
15 agriculture. The Consultative Group on International Agricultural
Research (CGIAR) is currently undertaking research that could reduce
future vulnerability dramatically. This includes developing “climate-
ready” crops capable of withstanding climate change—examples
include heat-tolerant crops, “drought-escaping™ rice (varieties that can
grow over a shorter cycle), and “waterproof™ rice (varieties that survive
prolonged flooding). Industnialized countnies pay about 70 percent of
the CGIAR's budger {multlateral and regional development organiza-
tions finance most of the balance). They should increase their contribu-
tions to finance an expanded climate-related research program.

Another obvious area for investment is tropical medicine. The
link between climate change and infectious diseases i1s complex and
uncertain but there are reasons to be concerned. For example, the
relationship between temperature and the number of days it takes
for the malana parasite to develop within a mosquito 15 non-linear.
Small changes in temperature can thus lead to large changes in malana
incidence.”” Of course, even leaving direct climate-disease interactions
aside, we can be sure that countries will be better able to adapt to the
myriad impacts of climate change if they are relieved of their crush-
ing disease burden. Much of this burden can be erased using existing
medical products, but R&D into the tropical diseases has also been
lacking. One way to help developing countries adapt is thus to invest
in R&D on infectious diseases.

= See Matr and (Mson (2006). OF course, ramnfall patterns are also important, and
the phenomenon of “biologecal amplification” descnbed here depends on a
number of things, including the existing level of transmission.
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The important design question 1s whether and how contributions to
adaptation and R&D should be linked to other actions in the treaty
system. Much future climate change can be attmbuted to historical
emissions. Even more climate change will be due to future emissions.
The more we succeed in reducing emissions, the less we will need to
spend on adaptation. This suggests that a component of each coun-
try’s contribution to adaptation should be linked to its role in reducing
future emissions.

Geoengineering

Two fundamental forces determine the Earth’s chimate: the amount of
solar radiation that reaches the surface and the amount of this radia-
tion that is trapped by GHGs in the atmosphere. 5o far, internanional
negotiations have focused on addressing the latter—that 1s, the con-
centration of GHGs. Geoengineering 1s a radically different approach.
Its aim 15 not to limit climate change by limiting GHG concentrations
but to limit climate change by altering the amount of solar radiation
that reaches the Earth.

There are many different i1deas for how this might be done. The
most prominent option involves throwing particles (sulfates or parti-
cles engineered specifically for this purpose| into the stratosphere. This
would have a similar effect to some volcanic eruptions—the particles
would scatter sunlight, cooling the Earth. Of course, this 1s a Band-Aid,
not a solution that gets at the root of the problem; but there are other
problems. Putting large volumes of particles in the atmosphere fails to
address the allied problem of ocean acidification. It may not maintain
the current distribution of chimate. It may increase stratosphenc ozone
depletion. It may create other risks as yet unknown. There are many
reasons why geoengineering should never be tried.

CGeoengineening is also the only available option for lowering global
temperature quickly. Reduwcing {net) GHG emissions takes decades
to translate into temperature changes. Geoengineenng could cool the
Earth within months. Suppose, then, that a low-probability but high-
consequence chimate event started to unfold. Would we want to have
the option to use geoengineering then? Certainly many people would
say yes—as a last resort.3

M See for example, Siephen Schneides’s (2008) recent paper on this question,
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Two other aspects of peoengineening are crucial. First, geoengineer-
ing 15 relatively cheap in financial terms. How cheap? According to
David Keith (2000: 263}, the cost is sufficiently low that *it is unlikely
that cost would play any significant role in a decision to deploy strat-
ospheric scatterers. ..” Second, geoengineening can be undertaken as a
discrete action—in other words, a number of countries could deploy
this option unilaterally.

This means that an international agreement is not really needed to
finance deployment (alternatively, such an agreement should be easy
to reach). If getting countries to reduce their emissions is “too hard,”
gething countries to try geoengineering may be “too easy.™ Indeed, the
international challenge 15 not to get countries to use geoengineering
but to get them mot to use it if other countries object.™

The situarion in which “abrupt and catastrophic™ climate change
appears imminent and can only be prevented by peoengineering is
easy to analyze. Under these aircumstances, many countries will want
to use this technology. Since no country s likely to gain from abrupt
and catastrophic climate change, few if any countries at that point are
likely to oppose deployment. We can expect that geoengineering will
be used under these circumstances, and that this will be desirable, at
least from an ex ante perspective.

The situation in which “gradual™ climate change is ocourring is
more complicated. William Cline (2007} has shown that the effects
of gradual change on agnculture, within this century, are likely to
be mixed. Some countries will probably lose substantially. In Cline’s
analysis, a “business as usual scenario™ that leads to an increase in
mean global temperature of 3 degrees Celsius by around the year 2080
causes India’s agncultural capacity to fall by nearly one-third. This 1s
a huge loss for a country where many millions of people rely on agn-
culture for their livelihood. The losses in equatorial Africa are even
larger—over 30 percent. However, other countries gain. Agricultural
capacity in China nises nearly 7 percent. In Russia it rises 6 percent; in
the United States, B percent. The overall or aggrepate effect of climate
change in 2080 15 small—global agricultural capacity falls by only

2 For a discussson of this challenge, see Barrett {2008a). An anonymous referes
suggested that an expectanion that gerengmeering could stimulate conflict may
create an addrtional motvatien for states to reduce their emssions. Others
have suggested the opposite—that the possiblity of pecenginesning reduces the
incentive for states to cut thear emessions.
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ahout 3 percent, an amount so small as to be within the ®noise™ given
the uncertainty in these estimates and the number of things that can
change over a penod of 73 years. What stands out is the vaniation of
Impacts ACross CoUntries.

India already has space and nuclear programs. It would certainly
have the capability to use geoengincering in an artempt to reverse
damages caused by “gradual®™ climate change, should it choose to
do so. But, plainly, other countries might object, perhaps strongly, if
India were to attempt this approach. In this sitnation, conflict seems
hikely. How will it get resolved? That is hard to say, but given that
conflict can be anticipated, an incentive exists for making it less likely
to emerge—another reason why it is essential that rich countries not
only reduce their GHG emissions but also help poor countries adapt
by making investments in areas like agriculture. Potentially, agricul-
tural improvements resulting from such investments could more than
offset productivity declines caused by climate change.

What else to do now? R&D in the area of geoengineening 1s cer-
tainly needed—to explore whether this approach is hikely to work,
how it should be deployed, and whart the harmful consequences may
be. Because individual countries may have the incentive to deploy geo-
engineering, they have an incentive to undertake related R&D umlat-
erally. However, because the consequences of geoengineering would
be global, my view is that R&D on this option should be undertaken
cooperatively and openly.

Air capture

Of course, R&D cannot tell us everything we need to know about
geoenginecrmg—aonly after this option were used at scale and over a
sustained period of time would we learn its full consequences.
Suppose, then, that peoengineering is deployed in the hope that
it will reduce the chances of imminent catastrophe. Suppose further
that, upon deploying this technology, we learn that geoengineenng
works and does not result in serious adverse consequences. Then we
can continue to use it. Suppose, however, that we discover geoeng-
neering is effective at lowenng global mean temperature but that it
has other, adverse consequences—perhaps consequences thar were
previously unforeseen—then what? At this pomt we will want to
reduce atmospheric GHG concentrations, so that we can slowly wean
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ourselves away from geoengineening. We could do this more quickly
and at lower cost if we invest much earlier in R&D to advance new
low-carbon technologies. Even so, however, reducing GHG emissions
s a slow way to reduce atmospheric concentrations.

A faster approach 15 “air capture.” This involves removing CO,
directly from the awr. Of course, the process of photosynthesis does
this naturally, which is why Kyoto acknowledges the role of affore-
station and reforestation. However, there are limits to reducing con-
centrations in these ways.

Another approach is to fertilize iron-limited regions of the oceans,
to stimulate phytoplankton bleoms. This has already been done on
an experimental basis, but the potential for this kind of air capture
15 also limited. Moreover, there are concerns about the consequences
of attempring ocean fertilization on a large scale—in fact, parties to
the London Convention, an international treaty for the protection of
the oceans, recently cautioned against large-scale expeniments of this
kind,*

Industrial air caprure imvolves bringing air into contact with a
chemical “sorbent™ —an alkaline liquid that would absorb the CO_ in
the air. The CO, could then be sequestered m the same way as {fﬂ,_

removed from a power plant’s stack gases. This technology can be
scaled up to any level and would offer the fastest way to reduce atmos-
pheric concentrations.

Adr capture is also extremely expensive, however. In contrast to
geoengineenng, it 1s very unlikely that any country would choose to
deploy this technology on a massive scale unilaterally. It 15 possible
that a number of countries would be willing to do so collectively,
but only if the damages avoided were at least as large as the cost—a

A In 2T, the eighty-four parties to the London ConventionProtocol endorssd

a “statement of concern”™ about ocean ferblization, and urgud pa:rl:ie: "o use
the uwtmost caution when considening proposals for largescale ocean fertihza-
nion operations.” {See OSPAR Decesson 200702 on Storage of Carkbon Moxide
Streams in Ceclogical Formations, June 2007 They also agreed that they
would consider regulating this technology. Thes should be of concern to parties
tr the UNFCOC, Restncting ocean fernlizaton may be o the benefic of the
aceans, which are the prnmary concern of parties to the London Convenbion.
However, the chodce 15 not whether to allow such an experiment; ot 1= whether
to allow such an e:-:pn:rim-:n.f or to do su:.m.[ung else to reduce i:\-rmn::ﬂl:r:l:i:m:,
ar to accept the damage from climate change that could have been avouded by
implementing ocean ferthzation. The parties to the Framework Convention
musst surely play a role in making thes judgment.
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situation that 15 most likely to arise when the case for implementing
geoengineering is also strong and when air capture can be deployed
to directly reduce atmospheric GHG concentrations so that geoengi-
neering interventions can be scaled back or stopped. Currently, our
knowledge of this technology 15 in its infancy. R& D should be under-
taken now to develop air capture and lower its costs, so that we will
be ready to deploy this technology should we feel the need to do so in
the future. !

Conclusions

In this chapter 1 have outlined a different approach to addressing
climate change, building on my earlier proposal for a “multitrack
climate treaty system”™ {Barrert 2007b). 1 have provided more details
about how the individual parts of such a treaty system might be devel-
oped and | have examined their potential interconnections, including
their implications for managing climate change nsk. I am not claiming
here that my approach is ideal. Plaimnly, it is not. My proposal should
be judged relative to the viable altermatives. In making this compari-
son, it 15 essential that the alternatives be shown to be self-enforcing.
Proposals that erther ignore the need for enforcement, or that assume
that enforcement will appear out of thin air, do not offer viable
alternatives.

There are two fundamental problems with the approach taken so
far to reduce GHG emissions. The first i1s that it lacks an effective
enforcement mechanism. The approach outlined here allows us to use
different means to enforce different parts. We know this alternative
approach could do better because we have seen it do better—the latest
adjustment to the Montreal Protocol is proof. We also know that this
approach could not do worse than the existing arrangement, since sep-
arate agreements for individual sectors and gases could be developed
as supplements or additions to the approach tried thus far,

The second problem with the approach taken thus far is that
largely neglects other opportunities for reducing climate change nisk.

* In a recent analysis of a simalar but not identical situaton, Baker, Clarke, and
Werant (2004 173} conclude that, "from a policy perspective, the more likely
we helieve dramatxc emissions reductions will be necessary, the more R&D
funding should be pushed toward technologees thar wall reduce the costs of
these reductons.”

A portfolio system of climate freaties 169

Adaptation is also important. 5o, ulnmately, may be peoengineering
and air capture. We need a portfolio of approaches, one that allows
for changes in the mix of measures used to manage climate change as
we learn more about the problem and our ability to address .
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Negotiation, assessment,
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