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1. Summary

Despite the US rgection, the meeting of the Conference of the Partiesto the UN
Framework Convention on Climate Change in July 2001* has increased the likelihood
that the Kyoto Protocol® will be ratified by a sufficient number of Annex B countries to
enter into force. This raises anumber of issues concerning mitigation codts, particularly
for the buyers and sdlers of emisson permits. In this paper, we examine how US non-
retification islikely to affect compliance costs for other Annex B countries. We aso
explore theimplications for US emissons. The results are summarized below. Aswith
any such anaysis, it is easy to quibble over the exact numbers. The red vaue liesmore
in the indgghts, rather than precise numerica vaues.

Banking and hot air. In the absence of US ratification of the Kyoto Protocol, the
overdl cogts of mitigation may decline for other OECD countries during the first
commitment period (2008-12). However, based on the results of the present
andysds, the reduction in mitigation costs may not be as great as some would
suggest. Thisis because the “banking” provision of the Protocol permits countries
to defer the use of some portion of their emission rightsin one period for use a a
later time. Such flexibility is particularly important for some of the countries of
Eagtern Europe and the former Soviet Union. With the economic difficulties
encountered during restructuring, their business-as-usud emissonsin thefirg
commitment period are gpt to fal below 1990 levels.

With banking, it appearsto bein the interest of the owners of “hot air” to defer a
subgtantia portion of their excess emisson rights for later use. As areault,
mitigation costs during the first commitment period for those OECD countries
that adopt the Kyoto Protocol appear to be dightly lower than they would be with
US ratification, but not nearly aslow as they would be in the absence of banking.
US nonparticipation may be particularly costly to the owners of hot air since the
declinein demand may result in a huge decline in permit prices.

No banking and market power. In the above, we assume that the owners of hot
ar are price takers. That is, they are willing to sdll dl of their hot air during the
fird commitment period if banking is disdlowed. However, if the mgority of hot
ar is concentrated in asmall number of countries, they may be able to organize a
sdlers cartel and extract Szable economic rents. As aresult, they may be ableto
reduce substantialy the negative impacts to their economies from US
nonparticipation. This, of course, would be at the expense of participating OECD
countries.

Anticipatory behavior. Even in the absence of mandatory emission reduction
requirements, US emissionsin 2010 may be lower than expected. Thisis because
energy- sector investments are typicaly long-lived. If investors believe that there
may be mandatory reductions in the future, they will factor this consderation into
near-term decision-making. Hence, dthough US emissons are projected to
increase during the first decade of the 21% century, they are expected to be below



thelr business-as-usua basdine. Clearly, the scale of the near-term reductions will
be sendtive to one' s expectations about the magnitude and nature of future
requirements.

We dress the preliminary nature of the present study. Sensitivity analyssis needed with
regard to anumber of potentially important parameters. These include GDP growth, the
price and availability of new technologies, the potentia for price and non-price induced
conservation, additiona requirements for subsequent commitment periods, which
countries would be involved, and so on.

Findly, these caculations are based upon the assumption that policies will be efficient.
That is, market mechanisms will be chosen over “command and control” approachesto
accomplishing environmenta objectives. Thisis the assumption both domesticaly and
internationaly. To the extent that policies depart from market mechanisms (for example,
the adoption of CAFE standards in the transport sector), mitigation costs could be
consderably higher than those reported in this paper. Still, we believe that the qualitative
ingghts will hold with regard to the value of banking, hot air, market power and
anticipatory behavior.

2. The MERGE modd

The andysisis based on MERGE (amode for evauating the regiona and globd effects
of greenhouse gas reduction policies). MERGE is an intertempora genera equilibrium
modd. The modd assumes that investors correctly anticipate future targets and
timetables. Uncertainty is treated through sengitivity andysis. Like its predecessors, the
current verson (MERGE 4.4) is designed to be sufficiently transparent so that one can
explore the implications of dternative viewpointsin the greenhouse debate. It integrates
submodels that provide a reduced-form description of the energy sector, the economy,
emissions, concentrations, temperature change, and damage assessment.

MERGE combines a bottom-up representation of the energy supply sector together with a
top-down perspective on the remainder of the economy. For a particular scenario, a
choice is made among specific activities for the generation of dectricity and for the
production of non-electric energy. Qil, gas, and cod are viewed as exhaudtible resources.
There are introduction congtraints on new technologies and decline congraints on old

ones. MERGE aso provides for endogenous technology diffusion. That is, the near-term
adoption of high-cost carbon-free technologies leads to accel erated future introduction of
lower cost versons of these technologies.

Outsde the energy sector, the economy is modeled through nested constant eadticity
production functions. The production functions determine how aggregate economic
output depends upon the inputs of capital, [abor, dectric and non-dectric energy. Inthis
way, the mode alows for both price-induced and autonomous (non-price) energy
conservation and for interfudl subgtitution. Since thereis a“putty-clay” formulation,
short-run dadticities are amdler than long-run dadticities. Thisincreases the costs of
rapid short-run adjustments. The modd aso allows for macroeconomic feedbacks.



Higher energy and/or environmental costswill lead to fewer resources available for
current consumption and for investment in the accumulation of capita stocks.

MERGE is cdlibrated to the year 2000. Future periods are modeled in 10-year intervas.
Hence, the first commitment period is represented as 2010 in the model. Economic vaues
are reported in US dollars of constant 1998 purchasing power.

The modd divides the world into nine geopolitica regions: 1) the USA, 2) OECDE
(Western Europe), 3) Japan, 4) CANZ (Canada, Austraiaand New Zedland), 5) EEFSU
(Eastern Europe and the Former Soviet Union), 6) China, 7) India, 8) MOPEC (Mexico
and OPEC) and, 9) ROW (the rest of world). Figure 1 shows baseline emissions for each

of the nine regions. Based on the assumptions underlying the analysis, it projects how
emissonswould grow in the absence of policies and measures to reduce CO2 emissions.
Note that the countries belonging to the Organisation for Economic Co-operation and
Development (OECD) (Regions 1 through 4) together with the economiesin trangtion
(Region 5) congtitute Annex B of the Kyoto Protocol.®

Each of the modd’ s regions maximizes the discounted utility of its consumption subject
to an intertempora budget congtraint. Each region’s wedth includes not only capitd,
labor, and exhaudtible resources, but dso its negotiated internationa share in emisson
rights. Particularly relevant for the present calculations, MERGE provides agenerd
equilibrium formulation of the globa economy. We modd internationd trade in emission
rights, alowing regions with high margina abatement costs to purchase emisson rights
from regions with low margina abatement cogts. Thereisdso tradein ail, gas, and
energy-intengve goods. Internationa capita flows are endogenous, but the modd is
cdibrated s0 that these flows will be smdll.

For more on the modd, see our web site:
http://www.stanford.edu/group/MERGE/

3. Focus of theanalysis

With an intertempora genera equilibrium modd, it is necessary to make assumptions not
only about the first commitment period, but also about subsequent periods. For illustrative
purposes, we assume that Kyoto will be followed with a subsequent protocol in which al
Annex B countries agree to reduce emissons by an additional 10% per decade starting in
2020. For the US, the congtraint in 2020 is assumed to be the same asiif it had adopted the
Kyaoto Protocol. Clearly, the nature and timing of future congtraints are highly speculative
and need to be subjected to extensve sengtivity anayss.

Table 1 describes the digtinguishing characteristics of our initid set of cases. In Case 1, we

aFigure 1 highlights the importance of international cooperation in reducing CO2 emissions. Even if Annex
B countries were to reduce emissions to zero, global emissionswould continue to grow in the absence of
emission reductions on the part of developing countries.



Table 1. Digtinguishing Characterigtics of Three Cases

Ratify Kyoto Ratify International Banking
Protocol Subsequent Tradein
Protocol Emission
Rights
Casel |AllAnmnexB All Annex B Beginningin1® | Permitted
countries countries commitment
period for al
Annex B
countries.
Case?2 All Annex B All Annex B Beginning in 1% Not permitted*
countrieswith countries commitment
the exception of period for Annex
the US B countries
ratifying the
Kyoto Protocol.
Beginningin
2020 for the US.
Case3 | AllAnnexB All Annex B Beginningin1® | Permitted
countrieswith countries commitment
the exception of period for Annex
the US B countries
ratifying the
Kyoto Protocol.
Beginningin
2020 for the US.

* Banking is permitted under the Kyoto Protocol. Cases 2 and 3 are designed to assess
the value of this provison to various regions.




meake the counterfactua assumption that al Annex B countries (including the US) ratify the
Kyoto Protocol. We further assume full trade in emission rights both within and across
Annex B countries. In Case 2, the US does not adopt mandatory targets and timetabl es until
2020. Accordingly, we assume that it does not participate in internationd trade in emission
rights until thet year. Thefina distinguishing characterigtic of Case 2 is that the banking of
emisson rightsis prohibited. That is, countries are not alowed to defer the use of some
portion of their emisson rightsin one period for use at alater time. Case 3 differs from Case
2 in that the banking of emisson rightsis permitted.

Although CO2 is the most important of the manmade greenhouse gases®, the Kyoto Protocol
includes a number of other trace gases. The focus of the present andysisis exclusively on
CO2. Although inclusion of the other gases may raise or lower absolute costs, depending
upon the shape of their margina abatement cost curves, we do not believe that it would alter
the generd ingghts from the andysis.

We do, however, include carbon sink enhancement. Table 2 shows the values adopted for
each of the five Annex B regions. To provide some perspective, in order for the USto
reduce carbon emissons by 7% below 1990 levelsin 2010, it would have to reduce
emissons by gpproximately 600 million tons below its basdine trgectory. Sink
enhancement would satisfy less than 10% of this obligation. For purposes of the present
andysis, we assume sink enhancement is cogtless. Clearly, an important next step would
be to incorporate supply curves for snk enhancement.

Table 2. Sink Enhancement (million metric tons of carbon annually)*

USA 50
OECDE 6
Japan 13
CANZ 19
EEFSU 27

We dso dlow for emisson credits through the Clean Development Mechanism (CDM).
In caculating the potentia sze of the contribution from the CDM, wefirg caculate the
magnitude of the imports from non-Annex B countriesiif there were full globa trading
and if these countries were limited to their basdline carbon emissions. However, because
of the difficulties in implementation, we assume that only 15% of the potentia would be
avalladle for purchase during the first commitment period and 30% theresfter.

4. Theimportance of banking and hot air
The Kyoto Protocol sets limits on aggregate greenhouse gas emissions for Annex B

countries for the first commitment period. For severad countries, these limits are projected
to exceed ther actual emissons. In particular, the decline in economic activity in Eastern



Europe and the former Soviet Union (EEFSU) during the 1990's has led to a decrease in
their carbon dioxide emissons. Asaresult, thisregion is projected to have excess
emisson rights. In the parlance of the climate debate this is commonly described as “hot
ar’ or “Russan hot air” to denote the country expected to receive the largest number of
excess credits. The Protocol permits these rights to be sold to countries in search of low-
cost options for meeting their own targets or to be “banked” for use a alater date. In this
section, we examine the implications of banking and hot arr.

Figure 2 shows basdine emissons and the emissions congtraint for EEFSU. In 2010,
domestic emissions are beneath the cap. EEFSU’ s excess credits exceed 300 million tons.
However, with economic growth and a further tightening of the emissons congraint, the
cap becomes binding by 2020. It is debatable how the excess permits generated during
the first commitment period might be distributed over time. The answer will vary across
the three cases described in Table 1.

Figure 3 shows how the hot air is dlocated based upon the assumptions underlying the
present analyss. Perhaps most important is the assumption that EEFSU will behave asa
price taker.” In Case 1, most of the hot air is sold during the first commitment period. If
al Annex B countries were to ratify the Kyoto Protocol, the demand for emission rights
would be high, and only asmal amount of the hot air is banked for subsequent use. In
Cases 2 and 3, the US chooses not to adopt mandatory targets and timetables until 2020.
With banking disdlowed, EEFSU will have no dternative but to sdl dl of its hot ar
during the first commitment period. Conversdly, if EEFSU is able to defer the sdle of its
excess permits until 2020, most of itshot air is carried forward for use at that time.

Figure 4 shows the internationa price of permits. In Cases 1 and 3 where banking is
alowed, the permit price rises a gpproximately the margina product of capital, 5% per
year, between 2010 and 2020. The intertempord alocation of the hot air ensures that this
isthe case.

Case 2 shows the internationa price of emission rights when banking is prohibited. The
demand for emission rightsin 2010 is reduced because of US nonparticipation in the
Protocol. On the supply side, dl of the hot air is available since its use cannot be deferred
to a subsequent period. As aresult, the vaue of the hot air is quite small. The Stuation is
reversed in 2020. Demand for permits increases dramaticaly with the US adopting
mandatory targets and timetablesin 2020. Thereis atightening of the Annex B
congraints and there is also the absence of hot air. Hence, the price of permitsrises
sharply.

5. GDP losses

We next turn to the issue of GDP losses. Here, we fed it isimportant to restate the earlier
caveat. The analysisis based on the assumption that policies will be efficient. Thet is, we

b1 Section 7, we explore ascenario in which EEFSU is able to exert market power with regard to the sale
of hot air.



assume that market mechanisms will be chosen over “command and control” gpproaches
to accomplishing environmenta objectives. To the extent that we depart from market
mechanisms, mitigation costs could easily be much higher

Figure 5 shows percentage GDP lossesin 2010 for each region. We begin with OECD
Europe (OECDE). Notice that their losses decline when the US does not participate in the
first commitment period. Moreover, their losses decline dramatically when banking is
prohibited. Thisis condggtent with avery low price for permits.

When banking is permitted, asit isin the Kyoto Protocol, the declineis less steep. With
much of the hot air deferred for later use, permit prices are only dightly lower thanin
Case 1. Note that the sameis true for Japan and CANZ. Hence, it seems that contrary to
conventiona wisdom, US nonparticipation in the first commitment period does not
subgtantialy lower mitigation cogts for the remaining OECD countries.

In terms of mitigation costs, EEFSU is negetively affected by US nonparticipation in the
first commitment period. In Case 2, the price of permits plummets. Thereisadeclinein
demand coupled with alarge supply of hot ar available for sdein that period. In Case 3,
mogt of the hot air is banked for use in subsequent periods. Again, this negatively impacts
EEFSU in 2010.

If the US were to adopt the Kyoto Protocol, its losses are estimated to be of the order of
three-quarters of one percent of GDP in 2010. We stress that this assumes full Annex B
trading both among and within countries. These numerica results are consgstent with a
number of studies conducted over the last severd years® Interestingly, the US dlso incurs
GDP lossesin 2010 even when it faces no mandatory condraints in that year (Cases 2
and 3). Thisbrings usto the issue of anticipatory behavior.

6. Anticipatory behavior®

MERGE incorporates the effect of anticipatory behavior on the part of investors. Given
the long-lived nature of many energy-sector investments, e.g., transport, buildings and
power plants, the anticipation of Sgnificant emission congraintsin the future will affect
near-term decison-making -- even if no mandatory constraints are in place for that
period. For example, in Cases 2 and 3 we assume that mandatory consgtraints will be
placed on US emissions beginning in 2020. The positive US losses reported for 2010
reflect the fact that, in preparation for aless carbon-intengve infragtructure in the future,
energy-sector investors are making more cosily investments than would be madein the
absence of concerns about future congtraints on CO2 emissions.

“We note that the issue of antici patory behavior does not apply solely to the US, but to any country facing
the prospects of emission reductionsin the future. Indeed, the prospect of economic growth coupled with
an increasingly tighter emissions constraint, contributes to the magnitude of the lossesto EFFSU in 2010
in Cases 2 and 3.



If the US were to adopt the Kyoto Protocal, it would have to reduce emissions by 600
million tonsin 2010. We cdculate that roughly half of this requirement would result from
reductions in domestic CO2 emissions. Carbon sinks and the import of emission rights
would account for the remainder. Figure 6 compares domestic emission reductionsiif the
USwereto ratify the Kyoto Protocol with reductions due solely to anticipatory behavior.
With regard to the latter, we examine two cases. In Case 2, EEFSU is prohibited from
banking its excess emisson rights. In Case 3 it is not. Notice that the anticipation of
mandatory targets in 2020 result in domestic reductionsin 2010.

Als0 notice that anticipatory reductions are higher when banking is prohibited. Thisis
due to the absence of hot air in 2020. In that year, the US will be able to offset less of its
obligation through the purchase of emission rights. Asaresult, it must rely more heavily
on domestic emission reductionsin 2020. Anticipating thisin 2010, investors will begin
adapting to the tighter future congraints. Clearly, the scale of the near-term reductions
will be sengitive to one' s expectations about the magnitude and nature of future
requirements.

7. Market power

Thus far, we have assumed that, in the absence of banking, the sdlers of emisson rights
will be price takers. That is, they will be willing to sall dl of their hot air during the first
commitment period. However, if the mgority of the hot ar is concentrated in asmall
number of countries, these countries may be able to organize a sdllers cartel and extract
Szable economic rents.

To explore this possihility, we assume that EEFSU is a price maker, and is able to limit
the amount of hot air available for sde to other Annex B countries during the first
commitment period. Figure 7 illustrates how percentage GDP losses to EEFSU might
changeif it were able to control the amount of hot air sold. Notice that losses are
minimized when the sde of hot air islimited to somewhere between 120 and 160 million
tons. Figure 8 shows the impact, in terms of percentage GDP losses, when EEFSU limits
sdesof hat ar to 140 million tons in 2010 (Case 2a). The participating OECD countries
experience |osses comparable to those of Case 1. Conversdly, relative to Case 2, the
losses to EEFSU dedline sgnificantly.

8. Some concluding remarks

In this paper, we examined how the US decision to regject the Kyoto Protocol islikely to
affect compliance codts for the remaining Annex B countries during the first commitment
period. In the case of other OECD countries, compliance costs may decline, but perhaps
not as much as some have suggested. In the case of the economies in trangtion,
compliance codts are likely to increase. Although we believe that the basic indghts are
likely to hold, more andlysisis required to explore the senstivity of the results to changes



in key assumptions. The following issues, not explored in the present anadlys's, aso need
to be examined:

Suppose that in order to entice other countries into joining a future Protocol, they too
are accorded hot air. What would be the impact on the value of emisson permitsin
subsequent periods? How would this affect the willingness of the current owners of
hot air to defer the sale of their excess emisson rights?

We assume that the US will not partake in internationd trade in emission rights until
it adopts mandatory targets. How redlidtic is this assumption? What would be the
implications if the US were to act otherwise?

We assume that countries will correctly anticipate future congraints. Clearly, thereis
asrong likdihood of future congtraints on CO2 emissions. But what congraints do
we assume? One way to handle this uncertainty is through sengtivity analyses. A
better way would be to employ the techniques of decison analysis and identify the
optimal near-term hedging strategy in the face of the many long-term uncertainties®

Finaly, with regard to near-term emission reductions, how well does the current
proposd fit into the ultimate god of the Framework Convention, “the stabilization of
greenhouse concentrations at aleve that will prevent dangerous anthropogenic
interference with the dimate system” "2 A great dedl of effort has been devoted to
identifying the leest- cost emission pathways for stabilizing concentrations at various
levels. Thiswork suggests that the pathway to stabilization can be asimportant asthe
stabilization leve itsdf in determining mitigation cogts. Are the reductions mandated
under the Kyoto Protocol consistent with the long-term god's of the Framework
Convention?
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Figure 2. Excess Emission Rights (“Hot Air”) in
Eastern Europe and the Former Soviet Union
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Figure 3. Exports of “Hot Air” in 2010 from Eastern Europe
and the Former Soviet Union (EEFSU)
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Figure 4. Incremental Value of Carbon Emission Rights
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Figure 6. US Domestic Emission Reductions in 2010
-- the impact of anticipation of future constraints
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Figure 7. Percentage GDP Losses for EEFSU -- assuming
alternative levels of emission rights sold in 2010
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Figure 8. Percentage GDP Losses in 2010 -- with EEFSU as
price taker (Cases 1 and 2) and price maker (Case 2a)
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