
POLICY FORUM: CLIMATE CHANGE 
model. The new version uses the same eco-
nomic and environmental structure as the 
original but incorporates two sets of 
changes (2). First, it updates the emissionsG10ba1Warming ECOn0mics and economic projections to reflect the lat-
est data. The major changes are more rapid 

William D. Nordhaus projected economic growth in the United 
States and Europe and slightly higher rates 

In a surprising development, 178 of 179 standing its high costs, the accord may of autonomous carbon-saving technological 
countries decided at Bonn, Germany, on nonetheless be useful as an experiment in change in the United States. Second, it runs 
23 July 2001 to move ahead with imple- institutional innovation or as the first step the RICE-2001 model both with and with-

menting the Kyoto Protocol. The sole toward more efficient approaches that rely out U.S. participation. Note as well that the 
holdout was the United States, which on harmonized carbon taxes. simulations assume that the Kyoto limits 
moved from being a leading advocate of extend beyond 2010 at the same level. 
global-warming policies under the Clinton Application of the RICE 2001 Model Economic models, whether of the eco-
administration to the lonely skeptic under To estimate the economic impact of the nomics of global warming or of other phe-
the Bush administration. If all proceeds Kyoto-Bonn Accord, I have relied on an nomena such as business cycles, have great 
according to schedule, the Kyoto Protocol updated version of the "RICE model (re- difficulty incorporating the many "fric-
will go forward with all countries, other gional integrated model of climate and the tions" that arise in real-world markets. In 
than the United States, implementing their economy) of the economics of global the present case, frictions are likely to 
original commitments. This Policy Forum warming. The RICE model is an integrat- plague the emissions market and to prevent 
examines the environmental and economic ed assessment model that incorporates an equalization of carbon prices (that is, the 
impact of the new agreement and com- eight-region model of the economy and prices of permits to emit carbon dioxide) in 
pares it with the originalKyoto Protocol. greenhouse-gas emissions, along with a all participating countries and industries. 

In addition to its original provisions, the module for the carbon cycle and climate Important frictions include impediments to 
Kyoto Protocol as revised in Bonn (the Ky- change. The model is based on a standard trade, such as the limits on supplementary 
oto-Bonn Accord) added two new items: neoclassical growth model augmented by measures discussed above; the inability of 
First, countries are allowed to subtract a climate externality and an environmental countries to get full credit for "forestry" 
from their industrial carbon emissions cer- sector. Governments here reduce emis- options if regulations are tightly written; 
tain increases in carbon sequestered in sions either by using carbon taxes or limits on the sale of permits by countries to 
"sinks" such as forests. These offsets are through auctions of emissionsallowances. ensure that "overbooking" of allowances 
limited, however, to a total of 55 million The structure is an updated version of does not occur; and a host of features such 
tons of carbon per year for the period 2008 the RICE-99 model called the RICE-2001 as transactions costs, regulatory and tax 
to 2012. Given that the total annual allow- differences, risk and uncertainty, 
able emissions for that period are about and unfamiliarity. Such frictions 
2500 million tons, this amounts to a relax- will force carbon prices to diverge

c -
ation of about 2% of emissions (all these .g8 in different regions or industries 
numbers excludethe United States). .-1 a;V) -5- and thereby lead to higher costs of 

A second key provision involves the $ 2 
- s . " attaining the accord's emissions re-

ability to trade emissions allowances (I). g; - - ductions targets. Notwithstanding 
Economists have emphasized that allowing + -1 0. their importance, frictions are omit-
countries (and businesses inside countries) .r ln ted from the present simulations. 
to buy and sell emissions allowances can E The RICE model is but one of 
reduce abatement costs by between 50 and 5 many that investigate the economic

5 $ -15-75%. Those who object to trading have ar- s: .-
1 1 

implications of climate-change 
gued that there should be limits on "sup- i5 EfflclentpO'lcy policies. Modeling agreements such 

-A- Or~g~nalKyoto Protocol
plementary measures" coming from pur- -LLKP w~thoutu s A as the Kyoto Protocol is particularly 
chased emissions permits or programs in -20, , , , , , , , , challengingbecause the impacts de-
developing countries. This issue remains 1995 2005 2015 2025 2035 2045 2055 2065 2075 pend upon the difference betweenYear
unresolved except that no credits will be targeted emissions and a highly un-
allowed for substituting nuclear for fossil Fig. Estimated emissions under differ- certain variable-emissions in the 
power in developing countries. ent scenarios. Numbers are for total global industrial 2008 to 2012 period. =ike much 

The present analysis shows that the ac- emissions Of dioxide and measure the percent forecasting in economics, the re-
cord will accomplish relatively little in reduction relativeto a "business-as-usual" path Of no sults should therefore be viewed as

emissions reductions (or zero carbon emissions prices).emissions reductions without U.S. partici-
The policy,, path is one that balances estimat-

suggestive rather than definitive 
pation-reducing carbon-dioxide ed costs and benefits of emissions reductions. The "orig- and continuously subject to revision 
emissions by about 1% relative to no poli- inal Kyoto Protocol" shows the impact of the protocol as new information arrives. 
cy in the first period, 2008 2012. The with U.S. participation. "KP without U.S.A." shows the 
United States was scheduled to bear the impactof removing the United States from the proto- Impact of the Accord 
largest share under the original protocol, col.l-he estimates are for the decades centered on the According to the lUCE model, glob-
and its costs are now negligible. Notwith- listed year. Estimates do not include reductions intar- al emissions under the Kyoto-BOM 

gets due t o  new provisions regarding sinks and other Accord will be very close to ''busi-
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controls if the new 160 sentially zero. (On an 
forestry offsets are ig- a, 140 annualized basis, the 
nored (Fig. 1) and n U.S. cost falls from ap- 
around 0.8% of global G 120 proximately $125 bil- 
emissions with forestry 5 loo lion per year to around 
offsets (not shown). M zero.) Other countries' 
The reductions are less 4 80 costs (or, in the case of 
than half of those man- n ,- 60 Russia and Eastern Eu- 
dated by the original 8 rope, benefits) fall sig- 
protocol. The less am- $ ' 40 nificantly as well. The 
bitious targets will be 0 20 reason for the decline 
reflected in the carbon in costs, of course, is 
prices, where carbon o that the revised Kyoto- 
prices are measures of lgg5 2005 

2025 BonnAccordachieves 
Year the market prices and very little in emissions 

marginal costs of re- Fig. 2. Carbon prices in Europe and other reductions. 
ducing carbon emis- countries implementing the Kyoto Pro- For reference pur- 
sions in different tocol. Labels are as described in  Fig. 1. poses, the figures also 
tries. carbon prices in Note: Emissions permits are "free" in de- show the calculated 
the implementing re- veloping countries under both versions of climate 
gions are projected to the Kyoto Protocol, and are "free" in the change policy. Eco- 

United States when it does not participate. be lower under Carbon prices are the estimated market nomic efficiency refers 
this version without the prices of permits t o  emit carbon dioxide to an outcome where 
United States com- measured in ZOOl U.S. dollan per ton car- emissions reductions 
pared with the ori@ bon.These results assume full trading. and carbon prices are 
version (Fig. 2), declin- set so as to balance the 
ing from around $55 marginal costs and 
per ton carbon in 2010 in the original ver- marginal benefits of emissions reductions. 
sion to around $15 in the Kyoto-Bonn Ac- As explained in the references in (2), deter- 
cord. (Of course, for the United States the mining efficient policies in this setting is 
decline will be from $55 to $0.) With the extremely challenging, particularly because 
United States out of the picture, the price of of uncertainties about future damages of 
permits in Europe falls dramatically (but climate change. The overall assessment of 
emissions reductions also decline sharply). the accord is that it pays a high price for 

The impact of the U.S. withdrawal on very small reductions in carbon emissions. 
abatement costs is striking (Fig. 3). Global 
discounted abatement costs (3) are projected Conclusions 
to fall by 85%. Most of the decline is due to The Kyoto-Bonn Accord will make little 
the nonparticipation of the United States, progress in slowing global warming while 
whose discounted abatement costs over the incurring a substantial cost. But make no 
coming decades fall from $2.5 trillion to es- mistake: if the Kyoto-Bonn Accord is im- 

plemented as designed, 
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there is trouble ahead. The 
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i ~ i thou t  U.S.A. accord is particularly opti- 
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Fig. 3. Abatement costs of Kyoto Protocol for different re- On the Bush administration 
gions with and without U.S. participation. Costs are the total to produce a serious policy 
discounted future abatement costs [for a definition of discount- what it admits is a seri- 
ed costs, see (3)]. They assume that emissions targets are ex- OUS global issue. 
tended in future periods at 2010 levels. Abbreviations: OH1 for Economic analyses of the 
other high-income countries (principally Japan, Canada, and AUS- accord have pointed to its in- 
tralia), EE for Russia and Eastern European countries, Europe for efficiencies, especially the 
the European Union, and ROW for the rest of the world. shortcomings from using 

pure quantity-type instruments such as emis- 
sions constraints with no price caps or tax in- 
struments (4). Given the accord's high costs 
and small benefits, it might be preferable to 
redesign the accord along the lines of a glob- 
ally harmonized carbon tax (4). 

Given the current emphasis on yet a 
different "global public good"-security 
from transnational terrorism-it seems un- 
likely that a grand coalition will be assem- 
bled in the near term to rewrite the rules 
on global warming. In this circumstance, 
the major merit of the new accord is that it 
is the first experiment with market instru- 
ments in a truly global environmental 
agreement. There is little appreciation of 
the importance of "institutional innova- 
tions" of this kind, and even less apprecia- 
tion for the fact that there are no mecha- 
nisms for dealing with economic global 
public goods like global warming. For this 
reason, the Kyoto-Bonn Accord may be a 
useful if expensive guinea pig. Operating 
the Kyoto-Bonn mechanism will provide 
valuable insights on how complicated in- 
ternational environmental programs will 
work. It is hard to see why the United 
States should not join with other countries 
in paying for this knowledge. 
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