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MEMORANDUM DRAFT

TO:

SUBJECT:

Distribution

Nordhaus’s arguments against strict action.

I'

Executive Summary and Key Findings

• Nordhaus finds that the optimal policy, given the current state of knowledge and ignoring 
uncertainty, is to do very little in the short term (a $6/ton tax in 2005) and only marginally 
more in the long term. While his mild long-term policy suggestion helps to inform the 
basis of his short term recommendations, Nordhaus only intends to propose a short-term 
strategy and emphasizes that policies should change as we learn more.

• Recognizing wide-ranging uncertainties and the possibility of calamity, Nordhaus 
investigates optimal policy choices over a reasonable distribution of possible states of the 
world. He shows that wWle the median optimal carbon tax is on the order of $6/ton in 
2005, the mean optimal carbon tax is somewhat larger, at $ 18/ton in 2005.

• His conclusions are viewed with skepticism by some critics, who believe some or all of the 
following: he overstates control costs, he understates control benefits, and his choice of a 
positive pure rate of time preference is indefensible. Others find his results and 
methodology more robust.

Introduction

In a 1994 bookl, Nordhaus calculates an optimal policy response to the problem of 
climate change. A distinguishing feature of this work is that it aims to uncover a truly optimal 
policy — that is, one that maximizes net benefit as opposed to one that merely minimizes the cost 
of achieving an ad hoc C02 concentration target.

Basic Results

Ignoring uncertainty and with a best guess of costs and benefits (based on a wide purview of 
existing studies) Nordhaus finds that the optimal policy is to do close to nothing. With the 
optimal policy, carbon taxes rise from $6 per ton in 2005 to $20 per ton (1989 dollars) in 2100. 
Global average temperature under this policy increases 3.2°C — only 0.2°C less than in the 
baseline case. On net, the world economy under this scenario enjoys a small net benefit relative to 

the baseline case. See Table 1.

Restricting emissions of greenhouse gases to 1990 levels, on the other hand, inflicts relatively 
large net costs. Carbon taxes rise to $400/ton in 2100, and the increase in global average 
temperature is limited to only 2.4°C — a full degree less than in the baseline.
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Given that the optimal policy is much closer to doing nothing than to restricting to 1990 levels, it 
appears that literally doing nothing in the short term is superior to current proposals oriented on 
1990 emissions levels.

Table 12
Global Net Benefits Carbon Tax ($/ton)

NPV
(Sbillions)

Annualized
(Sbillions)

NPV as % of PV 
of baseline output

2005 2055 2105

Optimal Policy 
(no uncertainty)

0.04

Restrict to 1990 
levels

- 7,069 -283 -0.98 230 400

Stabilize at 1.5°C 
increase

- 40,980 - 1,639 -5.94 200 700 800

It is worth emphasizing that Nordhaus’s result is not simply a matter of delaying controls. While 
the typical cost-minimization exercise also shows that carbon emissions should be allowed to 
follow a near-baseline path at first, Nordhaus’s result goes further: he finds that relatively little 
should be done even over the long term. In his optimal scenario, carbon concentrations are 
allowed to grow without apparent bound.

Incorporating uncertainty, Nordhaus’s results change though the basic message of modest 
short-term measures does not.

• Nordhaus examines how the optimal policy changes when key parameter values vary fi"om 
his best guess and finds that the mean optimal policy calls for higher carbon taxes than he 
finds for the best-guess case. The mean optimal policy calls for a carbon tax of $ 18/ton in 
2005 and $53/ton in 2045.

• The “mean” result differs fi-om the “best guess” result because the'distribution of 
outcomes is skewed so that favorable climate change scenarios are similar to the 
best-guess case and occur with high probability while extremely unfavorable scenarios 
occur Avith low probability.

• Nordhaus finds that only 2% of possible scenarios - the least favorable ~ would call for a 
carbon tax in 1995 of over $ 100/ton.

Basis for Results

Nordhaus’s results derive from three key assumptions:

• that the costs of reducing carbon emissions are relatively high;

• that the benefits of carbon control (in the form of averted damages) are relatively low; and

• that the social rate of discount is greater than zero.
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Critics have attacked Nordhaus on all three points, and it is worth examining each point in greater 

detail.

1. Costs

The cost of reducing carbon emissions is determined by the responsiveness of the economy to a 
given level of carbon-control effort. For example, if a $10 carbon fee elicits a large response in 
terms of lower carbon emissions, the cost of carbon control will be low. Conversely, if a $10 
carbon fee elicits a small response, program cost will be high.

The impact on the economy of a carbon-control program in Nordhaus’s model is determined by 
two key assumptions — one concerning the “static” response, given current technologies and 
carbon use, the other concerning the “dynamic” response, reflecting induced changes in carbon 

use and advances in technology.

• Nordhaus bases his assumption about static responses on existing empirical studies. His 
assumptions here are not particularly contentious.

• Nordhaus attempts to capture dynamic responses by assuming that technology will 
improve at about the same rate in the future as it has done in the past. Importantly, the 
trend rate of improvement is not allowed to vary depending on the price of carbon permits 
or the level of a carbon tax. Critics find fault with this approach, since his model thus 
assumes that carbon taxes will in no way accelerate the development of non-carbon 
technologies — in stark contrast to the “technologist” view.

Nordhaus notes that his results are sensitive to assumptions about technology, but he does not 
document the extent of that sensitivity in isolation from other uncertainties.

2. Benefits

The benefits of carbon control are determined by the magnitude of damages averted - that is, 
damages that would have occurred in the absence of a control program. Nordhaus calculates that 
these damages would be relatively modest. For example, he estimates that a 3°C temperature 
increase results in only a 1.3 percent loss of output per year.

Some critics feel that damages averted will be greater than Nordhaus assumes. They note that 
S02 and particulate emissions will be reduced, biodiversity will be better maintained, and negative 

health effects will be avoided.

In a survey of experts, Nordhaus finds that the median cost prediction for a 3°C rise in 
temperature is 1.9 percent of output annually - 40% higher than his own. The mean prediction is 

much higher, at 3.6 percent.

3. The social rate of discount
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Given that costs are borne up front and benefits accrue mainly in the distant future, assumptions 
about the social rate of discount are crucial. Nordhaus assumes that the social rate of discount is 
3 percent per year; this rate is sufficiently large as to significantly reduce the present value of the 
distant and already modest benefits.

Many critics (mainly non-economists) feel that a social rate of discount greater than zero is 
indefensible on ethical grounds. However, mainstream economists strongly endorse the approach 
to discounting which Nordhaus uses and find it difficult to understand very low rates of time 
preference in the context of observed behavior.

Nordhaus re-evaluates the optimal policy when the pure rate of time preference is only 1 percent 
and finds that the optimal carbon tax in this case is considerably greater (see Table 2).

Table 2

Optimal Carbon Tax 
($/ton)

Rate of Time Preference 1995 2045 2095
3% 5.3 13.7 21.0
1% 23.6 52.6 77.5

Conclusion

Nordhaus’s analysis implies that little should be done either in the short term or in the long term. 
His results hinge on assumptions about technology improvements, appropriate discount rates, and 
the size of potential damages. Critics feel that Nordhaus may be:

• overestimating mitigation costs because he ignores the possible influence of higher energy 
prices in spurring the development of new technology; and

• underestimating damages from climate change.

While both would tend to cause Nordhaus to be too lax in his policy recommendations, it is not 
clear that such criticisms can be sustained far enough to overturn Nordhaus’s basic point that 
strict action is inappropriate in the short term. The discount rate issue, while crucial, is difficult to 
settle.
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(-21)

645
(-66) 20 /4 (+9)

o.y/
(-0.09)

2.11 
(-0.25)

163/
(2005)

2010 n/a n/a J8/Z1 /y /

Ik r! \ /li /

CCo7\.fIII 1 .AlO

bCiMlU J33 $37-------- $45 481
(-21)

645
(-66) 20 /4(+9)

o.y/
(-0.09)

2.11
(-0.25)

no peak:2060
(2050)

never returns -332,
(-$11.0 billion)

-845,
(-$38.0 billion)

Jo!^ My !

ikj/1 f i/u /

L>C(l7V/llt I.AI9

/voca’/IL.. 1 vieSGM3b b'23 )»86 $15U 48a
(-16)
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(-55)

20/2
(+7)

o.yy
(-0.07)

2.16
(-0.20) no peak:1714

(2050)

n/a -180
(-$4.14 billion)

-364
(-$54.6 billion)

jyi \ \jiy I 1 .Aid

/•qcaII^I vie541 Sil54 S>i4y 486
(-16)

656
(-55) 20 /2 (+7)

o.yy
(-0.07)

2.16
(-0.20) no peak:1714

(2050)

never returns -202,
(-$8.3 billion)

-364,
(-$54.2 billion)

jyi wjiy!

IV /II /o 1

L><$dv 1 k/ 1 . Aid

bCJMa M2 J84 Hi4y 486
(-16)

655
(-56) 20 /2 (+7)

o.yy
(-0.07)

2.15
(-0.21) no peak:1714
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never returns -202,
(-$8.5 billion)

-364,
(-$54.2 billion)

joiiiiy!
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(-24)
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2oyi
(+26)

0.96
(-0.10)

1.82
(-0.54) no peak:1712

(2050)

never returns -2oy,
(-$8.2 billion)

-362,
(-$54.3 billion)

jotL iiy / VadC^. Aid,
9/4/97 fax

/-dCA { Y 1 CSGM21 b3y Ii83 Hl^U n/a n/a n/a

1

n/a n/a no peak:1712
(2050)

never returns -2oy,
(-$8.2 billion) (-$54.3 billion)

joi L ny t CoidCJ.AId

7 vle

SGM1 i muK HI 88 Hi82 4 /6 (-26)
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(-147)

20y2
(+27)

0.y5
(-0.11)

1.82
(-0.54)
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(2000)

2010 n/a n/a jo/z ny / CadCX.Ald,

9/4/97 fax

bGMii !t>l lU biyi H382 485
(-17)
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(-53)

20/2
(+7)

O.yy
(-0.07)

2.16
(-0.20)

163/
(2005)

2010 n/a n/a 38/21/y /

VUTCT/Ql—

eca90^~"2.XlS

pocA 1(^1 vie
bGM'Ja $11)8 H188 $582 Tm--------------

(-18)
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(-55)

20/3
(+8)

o.y8
(-0.08)

2.15
(-0.21)

155U
(2000)

2010 n/a n/a
jy/ lu/y /

IV/// /VJ i

Code 1 1 .Aid

AACA 1 vieI»1U8 H188 H!>82 n/a n/a n/a n/a n/a 1550
(2000)

2010 n/a n/a
joiL ny t

caselo 1 .xls
t)GM4U Ui H33 486

(-16)
656
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20 /2 (+7)
O.yy
(-0.07)

2.16
(-0.20) no peak:2101

(2050)

never returns -312,
(-$5.0 billion)

-/51,
(-$24.8 billion)
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bC3M4 $U) J2J S32 48b
(-16)

bib
(-56) 2U /2(+7)

u.yy
(-0.07)

2.li
(-0.21) no peak: 2102 

(2050)

never returns -313,
(-$5.0 billion)

-/i2,
(-$24.1 billion)

J8/2I/9 /

-ID7TT7QT-----

ceayo_-2.xls

SGM2Z $23-------- bU n/a n/a n/a n/a n/a no peak:2239
(2050)

never returns n/a n/a J8/2 //y / case3.xls

SGMl^ %\t> J2i bl tu 4/8
(-24)

ibi
(-146)

2Uyi
(+26)
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(-0.10)

1.82
(-0.54)
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(2040) never returns -316,

(-$4.7 billion)
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(-$55.0 billion)

J8/2 //y / case2.xls,
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(-18)
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(-55)

2U/3
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o.y8
(-0.08)
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(-0.21)
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5GRI37 sy b24 bJ3 48b
(-16)
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(-55)

2U/2
(+7)

o.yy
(-0.07)

2.1b
(-0.20) no peak:2101

(2050)

n/a -246
(-$2.21 billion)

-/51
(-$24.78
billion)

jy/1 o/y / case20—i .xis

SGM6 1/4 ki ly b202 483--------------
(-19)

648
(-63)

2U/4
(+9)
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(-0.08)

2.12
(-0.24)
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(2005) never returns 3b,

(+$2.7 billion)
-122,
(-$24.6 billion)

j8/2i/y/ cea95 —l.xls

bUMb 562 kl3l b3I / 483
(-19)
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(-63)

2074
(+9)

0.98
(-0.08)

2.12
(-0.24)

163/
(2005) never returns n/a n/a j8/2i/y/ ceay5_—l .xls

bCiM/ J2/ bJ2 Ml 483
(-19)
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(-63) 20 /4(+9)
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(-0.08)

2.12
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(-$3.5 billion) (-$24.3 billion)
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2.12 
(-0.24) no peak:2072

(2050)

n/a -122
(-$2.56 billion)
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(-$24.27
billion)

jy/1 o/y / case20-2.xls
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(-11)
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(-0.04)
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(-0.08)
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(-$56.2 billion)

J8/2//9/ case4.xls,
9/4/97 fax
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m----- li^6 blbJ n/a n/a n/a n/a n/a 1 /ib (2015) never returns
(-$0.06 billion)
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(-$56.2 billion)
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yuMii $D---------- bK4 bbbV 48V
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2. Cost-benefit analysis in “Integrated Assessment” models

Integrated Assessment (lA) analyses try to bring together assessments of the physical, 
ecological, economic, and social impacts of climate change with assessments of policies for 
responding to climate change and their socioeconomic consequences. Generally speaking, the 
models can be described schematically as linking economic decisions in the energy (and 
agriculture) sectors that give rise to GHG emissions (and changes in carbbon sequestration), 
models of atmospheric composition, climatic change, and changes in oceans, and models that 
describe the potential impacts of climate change on health, natural resources, coq^ftal areas, 
and other factors of socioeconomic interest. Different components of various lA frameworks 
are represented in differing degrees of detail and sophistication. A few models contain the 
capacity to be used for a benefit-cost analysis, in which it is possible to evaluate changes in the 
long-term path of GHG emissions that maximizes the net benefits of GHG control (these^ 
benefits are the avoided damages of climate change less the costs of control). A larger 
number of lA models can evaluate the benefits and costs of specified policies but are unable to _ 
indicate what emissions reductions maximize net benefits. /IA~ffamew6rks are mlferently more 
“top-down” in their characterization of economic decisionmaking, though some models 
contain a fair amount of energy sector detail.

A very striking feature of lA models is that they tend to indicate the desirability - from 
the perspective of maximizing net benefits over time - of emissions continuing to rise well 
into the next century, if not beyond. (For a recent comparison of lA model results, see Marine 
1996. [JEFF; Do you want cites of individual models too?]) By 2010, the models indicate 
only small deviations downward from a business as usual (BAU) path (see also IPCC 1996b, 
Chapter 10). In some cases the emissions do stabilize toward the middle of the next century, 
but in other cases they continue rising (though more slowly than with business as usual) even 
beyond 2100. These emissions paths clearly imply increases in atmospheric concentrations of 
GHGs well beyond the kinds of targets that have been considered in current policy debates 
(e.g., 550 ppm). One important consequence is that the models indicate costs of near-term 
emissions stabilization well in excess of the avoided damage costs.

(V-

A number of criticisms have been levelled at these lA results. These criticisms include:

Failure to consider the possibility of unlikely but catastrophic events that could result from 
climate change (e.g., catastrophic sea level rise from melting of the Antarctic ice sheet, 
runaway global warming from frozen methane releases, or relocation of the Gulf Stream - 
see IPCC 1996a, Chapter_).

Failure to give adequate consideration to the scale of potential damages, even in the absence 
of catastrophe. Cline (1992), for example, argues that damages are much higher than is 
incorporated in most lA models (see also IPCC 1996a, Chapter 6 for various estimates). 
One specific concern that has been raised is that the lA models do not account adequately 
for the costs of a less stable climatic and ecological systems in the face of GHG 
accumulations.
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Failure to consider the adverse consequences of less aggressive abatement policies for future 
generations - in the context of IA models themselves, the criticism is that discounting of 
future generations’ well-being is excessive. Cline (1992) also raises this concern, as does 

Howarth (199_).

Failure to consider how uncertainty about all these effects affects the “optimal” decision (Pizer 

1997).

Failure to consider how lack of early action will jeopardize the achievement of any
longer-term mitigation by signalling a lack of political will ([NEED CITE]), or how lack 
of early action will retard induced technical progress that is needed to make mitigation 

affordable (Grubb 1995).

Sensitivity analyses carried out with lA models suggest that at least some of these criticisms 
are not major concerns; others may be serious concerns, but empirical judgments are not 
possible given the current state of knowledge. The Manne (1996) survey referred to above 
considered scenarios in which the climate’s sensitivity to accumulating GHGs was greater than 
is typically assumed, or;tKe the damages are larger (by a factor of almost 8) for a given change 
in the atmosphere. In either case emissions should (from the perspective of maximizing net 
benefits) be lower, but the extra degree of emissions reductions required by 2010 is significant 
(on the order of 25 percent or more) only if climate damages are much higher than expected 
(the sensitivity of the atmosphere to GHG emissions seems much less important in these 
analyses). And even in this case, emissions still will be higher than 1990 levels unless the 
atmosphere and the ecological-economic systems both are quite sensitive. (Broadly similar 
conclusions follow if, instead of looking at higher damages, one looked at damages that grew 
proportionately faster as atmospheric GHG concentrations grew [CETA cite]). Thus, the lA 
models give little support for a policy of near-term emissions stabilization unless damages turn 

out to be much higher than at least some experts expect.

It is also true that the results of lA models are sensitive to the choice of discount^e used 
to compare consumption today and in the future. A very low discount rate will imply greater 
weight on damages accruing over time to future generations, and thus the need for a more 
aggressive abatement strategy. This tradeoff is influenced by the rate of economic growth, 
since growth will make future generations better off and thus better able to afford and respond 
to the damages of climate change (Schelling 1995). However, there are numerous economic 
and ethical controversies surrounding the appropriate way to discount future damages in lA 
models, and no clear consensus has emerged. One important point that is often ignored in this 
debate is how much today's generation is willing to sacrifice to provide for the increased 
protection of future generations through GHG abatement; this is a critical unknown since it is 
today’s generation that must necessarily must decide to pay the bill. All that can be said 
analytically, therefore, is that intergenerational equity might be an argument for more 

aggressive abatement.

Uncertainty about future damages or other influences on the costs and benefits of abatement 
can make a difference. However, Pizer’s (1997) analysis suggests that the most important
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source of uncertainty concerns the nature of our preferences for consumption and 
environmental protection. (Unlike the Manne (1996) analysis, Pizer considers the possibility 
that damages may be lower as well as larger.) A recent paper by Gjerde et al (1997) considers 
the risk of a sudden loss of economic output and well-being on the scale of the Great 
Depression from climate change. While their analysis indicates more aggressive abatement 
than other lA analyses without this risk, the introduction o the risk has little relative effect on 
the desirable level of emissions reduction by 2010, and little effect for a number of years 
thereafter (unless the loss is much larger even than the Depression).

This leaves the issues of political credibility and induced technical change. As for the latter, 
it is true that sending a less strong signal to energy markets will slow up technical progress. 
However, there is great uncertainty about how much of a loss this would be in practice, and 
the loss would have to be greater than most models seem to indicate before the substantial 
costs of near-term stabilization could be justified. This does not mean, however, that no 
actions are justified on cost-benefit grounds to reduce emissions or stimulate technical 
progress. Aside from initial steps to curb emissions growth, which signal the need for 
technical change, longer-term measures to promote the development of new technology are 
warranted. Political credibility is a more complicated issue to which we return below.-----------

3. Estimates of optimal paths to stabilize GHG concentration levels

Much of the debate about GHG stabilization takes as given that simply allowing emissions 
to continue to grow for a long period, albeit more slowly, puts the biosphere at too much risk 
and is not credible politically. An alternative strategy... .[continue with current text]

Comments on political credibility to be inserted somewhere in the text

Political credibility arises frequently in the discussion of imtertemporally flexible 
approaches to GHG mitigation. It is argued, that allowing emissions reductions to be deferred 
to a more distant future invites noncompliance with our domestic obligations, and risks 
sending a signal to countries not in line for immediate emissions targets that curbing emissions 
is not a serious matter. Several other points do not seem to surface in this debate and are 
important to put the issue in context.

(1) A proposed agreement that demonstrably imposes much higher costs than an alternative 
more measured approach, and thereby invites substantial domestic political opposition, will 
also suffer from credibility problems both here and abroad.
(2) The concern about emissions reductions agreements being shirked rather than postponed 
is a legitimate one, but there are a variety of ways it might be addressed. [Add options here - 
they should include performance bonds that require carbon debts to be paid back, and (less 
efficient but more straightforward) simply a backloading of emissions reductions goals in the 
targets/timetables. The latter may not be credible, but there is little that can be done if a 
country really sees the burden of successively greater emissions reductions as greater than the 
cost of noncompliance.]
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(3) Demonstrating willingness to reduce our emissions may not make much difference to the 
willingness of other countries to reduce their emissions anyway, particularly in developing 
countries for whom climate change is a low-priority issue. It might be much more effective to 
take some of the subtantial cost savings from shifting emissions reductions into the future and 
use them to help develop and diffuse low-emissions technologies that those countries will 
want to adopt for their own reasons.
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One of the criticisms of many integrated assessments (lAs) is that they do 
not incorporate the possibility of catastrophe. Recent extensions of 
the lA literature include the possibility of a major, discontinuous 
jump inh the damages caused by climate change. For example, a 
European paper by Gjerde et al (1997) incorporates the risk that 
climate change will sudenly cause damages equal to a significantr 
share of global GDP. The risk is assumed to rise with an increase in 
temperatre from global warming; following Nordhaus (1994), the 
benchmark risk scenario assumes a 12% chance of a loss equal to 25% 
of GDP (the scale of the great depression) in 2090 if climate has 
warmed by 3 degrees C. Incorporating this risk into the lA framework 
causes the optimal path for global emissions to be reduced, but not 
by that much in the early years. By 2060, optimal emissions are only 
somewhat over half what they would have been without the risk of catastrophe, but 
the reduction by 2020 is on the order of 15% below the no-catastrophe 

/^_Qase and still above emissions in 1990. ^he no-catastrophe'bptimar"' 

path IS
substantially below BAD in this analysis, an artifact of the ^------
a.ssiimptions ofJfiw ahatamant nnst and high damage cost.) .^ven

-Tv

sharper emissions reductions are implied if the catastrophe is truly 
shattering (on the order of the entire GDP), or if the discount rate 
is extremely low (high intergenerational egalitarianism.)

Jon Gjerde, Sverre Grepperud, and Snorre Kverndokk, "Optimal Climate 
Policy Under the Possibility of Catastrophe," presented at the 1997 
EAERE meetings, Tilburg. [WARNING: NOT PEER REVIEWED and may be 
unreliable as a consequence. The only peer-reviewed analyses I could 
find had technical drawbacks, mainly oversimplified models of 
damages.]

William Nordhaus, "Expert Opinion on Climate Change," AMERICAN 
SCIENTIST vol 82, 1994, 45-51.
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with domestic oil. On balance, removing U.S. energy subsidies 
could significantly reduce C02 emissions according to one study.

• Top down models that assume limited substitution, slow technological 
change and limited response to price signals and low availability of non­
fossil energy sources predict high costs.

Extent to which market and policy distortions create opportunities for low- 
cost (or no-cost) improvements in energy efficiency

Rate of technological innovation and responsiveness of such change to price 
signals. Hard to reach consensus on AEEI but value is critical. For example, a 
change from 0.5% to 1.0% cuts projected 2100 emissions levels by half and 
markedly affects the cost of meeting a C02 target. Induced technological change 
in response to price increases is a distinct possibility.

Availability and likely future cost of non-fossil backstop energy sources 
(hydroelectricity, nuclear power, wind and solar energy and biomass) Alternative, 
low carbon energy sources exist but aren’t currently cost-effective. They will 
become increasingly so as carbon energy sources rise in price and technology 
makes them less expensive. The availability of these backstop non-carbon energy 
technologies has a large impact on the costs of meeting whatever emission 
reduction goal is chosen.

Number of years available to achieve a specified COj reduction. Merely 
stabilizing emissions rates will allow concentrations to continue rising for 
centuries. Recent analysis shows that adopting an explicit long-term target for 
atmospheric concentrations and then choosing policies to achieve the most 
efficient time path for emissions reductions to meet the target could 
significantly lower the economic impact. A target for concentrations is like a 
carbon budget limiting C02 emissions within a specified period of years. Under 
some circumstances, it is cheaper to use more of the budget early on and postpone 
cutbacks because the capital stock is so durable. In a system of emissions trading, 
there should be banking and borrowing of permits to allow flexibility over 
time. When time is allowed for capital stock to be replaced, overall abatement 
costs could be reduced. Also, R&D will yield new technologies so postponing 
costs reduces them. Flexibility in timing of global reductions could lower costs 
by more than 35% compared to a less flexible program to achieve the same 
concentration.

• Under some assumptions, we should adopt a carbon tax now to encourage 
early development of energy efficient and low-carbon technologies and



discourage long-lived investments in carbon-intensive energy facilities. 
Realistically, action today is likely to be necessary to induce investors 
to make commitments and not just the expectation of a tax in a 
decade or more. To quell doubts, a credible policy signal is necessary at 
the outset-e.g., a carbon tax introduced at a low level that rises, perhaps 
significantly, in future years.

• Potential for international joint implementation. This would allow a utility in 
Norway to achieve reduced emissions by contracting to pay a factory in Poland to 
install more fliel-eflBcient furnaces. Finding the lowest cost abatement possibilities 
is cost effective. JI cannot be used more widely until countries have set bindmg 
emissions reduction targets. But getting countries to agree on the baselines that 
should apply to each, fi'om which emissions reductions will be measured is a 
formidable task. Monitoring and verification and a mechanism to enforce 
contractual obligations is essential if Jl is to work. The potential savings are 
substantial.

• Recycling to reduce economically burdensome tax rates or lump sum rebates. 
Without recycling the carbon tax is highly deflationary, lowering GDP 
substantially. Lump sum recycling enables a modeler to separate the economic 
impact arising from climate abatement fi’om that arising from other tax cuts. 
However, it would be possible to reduce taxes that distort economic activity-- 
payroll taxes, on investment earnings. Some economists have argued that there 
could be a double dividend-a gain purely fi'om substituting an energy tax for a 
more distoring tax on labor or capital income. This is questionable, etc.

• Benefits in form of avoided economic damages from climate change and 
other pollution reduction damages. Can avoid pollution associated with auto 
emissions and higher medical expenditures.

Under a reasonable standardized set of assumptions, most models predict a small 
macroeconomic effect of a carbon tax to stabilize emissions and potentially favorable 

outcomes.

The lAT baseline policy of 1990 by 2010 implies about 26% reduction below 
baseline emissions in 2020. Looking at all the models we find that, under unfavorable 
assumptions, GDP would be 2.4% lower in 2020 than under baseline and under favorable 
assumptions, 2.4% higher. The 4 key influences are (whether there are significant short 
term adjustments-macro model; whether JI; whether recycling of revenues via reducing 
other taxes; whether benefits fi'om abating pollution. Under reasonable assumptions, the 
predicted GDP impact would be neutral or even favorable.



A carbon tax might have a disproportionate impact on low income households but it could 
be offset through other taxes reductions.

The impact of a tax on coalmining and coal carrying railway lines would be substantial. 
However, the baseline predirts a substantial expanison in coal mining in the western U.S.

Reduced energy demand in the U.S. would help hold down world oil prices, improving 
our terms of trade.

Impact on competitiveness. If the U.S. alone imposes a significant carbon tax, 
international trade and investment in some energy intensive industries might shift abroad. 
However, evidence suggests that differential environmental policies have a weak impact 
on trade and investment flows and many nonOECD countries have raised energy prices 
unilaterally. Coordinated international action could avoid these trade effects.



MAJOR POINTS:

2000 economists endorsed taking measures to reduce the threat of climate changes on the 
grounds of the Intergovernmental Panel on Climate Change finding that “the balance of 
evidence suggests a discernible human influence on global climate.” The economists 
concluded that global climate change carries with it significant environmental, economic, 
social and geopolitical risks, and that preventive steps are justified. They concluded that 
proper policies can significantly reduce greenhouse gas emissions without harming the 
American economy. Some policies could even improve U.S. productivity in the longer 
run. Market based policies (such as carbon taxes or emissions permits) would lower the 
costs of control substantially. They said that there are many policies with total benefits in 
excess of costs. Revenue could be used to lower the deficit or reduce existing taxes. 
Nations need to cooperate to achieve climactic objectives at minimum costs—international 
emissions trading.

A great deal of controversy surrounds the issue of climate change with some saying that 
climate change is one of the greatest threats facing humankind and others saying the risks 
are weakly documented. The same kinds of divides arise in discussing costs and benefits 
of various policy options. The President believes there is a risk so that policy action is 
needed, but will look for policy actions that are sensible, cost effective and consistent with 
continued economic growth and job creation.

It is particularly difficult to measure the benefit of climate change action especially when 
one takes a broad interpretation and thinks about the value of reducing risk related to 
ecological impacts.

Economists differ in their views about emissions policies, some advocating a “broad, then 
deep” approach in which we begin with a broad but low cost agreement and others 
favoring a deep, then broad perspective, by first establishing a narrow coalition of 
developed nations and then reaching out to developing countries to join later via 
evolution. The problem with the latter approach is that costs rise for a narrow coalition of 
countries leading carbon intensive industries to migrate and making nonparticipant 
countries even more carbon dependent.

Any agreement without the cost flexibility provided by international trading or II will at 
least double the US costs.

Models are helpful in understanding implications of climate change policies—give orders of 
magnitude and sensitivities to assumptions. There is no single correct set of assumptions 
or appropriate model. It is a mistake to offer just a best guess assessment of either costs 
or benefits. One should think about ranges of possible outcomes
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DISCUSSION PAPER ON THE ROLE OF TECHNOLOGICAL CHANGE 
TO ADDRESS GLOBAL CLIMATE CHANGE

“In order to reduce greenhouse gases and grow the economy, we must invest more in the technologies of the future. I am directing my 
Cabinet to work to develop them. Government, universities, business and labor must work together. All these efforts must be 
sustained over years, inde^ over decades.”

President Clinton 
Address to the United Nations 
June 26, 1997

Context for this papen

• The U.S. position on global climate change has consistently been that any action program should be centered on a 
market-based approach. Given the proper market signals, the private sector will find the most efficient means to make 
changes in technologies, business practices, and patterns of energy use to reduce greenhouse gas emissions.

• A properly-designed, capped domestic emissions trading system would provide strong market signals to that end

• There are also a variety of other technology supporting actions that the federal government could undertake to 
supplement such an emissions trading system to stimulate R&D and market development m specific areas, where market 
barriers exist or where changes might be restrained for various reasons.

• This paper first provides a perspective on the degree of change in energy usage and key technologies that would be 
needed in key sectors of the economy in order to begin reducing greenhouse gas emissions from energy use.

• Then, the paper identifies a menu of policy options, for discussion and further evaluation, firom which specific elements 
could be selected to support a technology strategy to both reduce greenhouse gases and continue to grow the economy. 
This paper provides an initial identification of the options without providing a thorough evaluation of feasibility, impacts, 
or (x^sts.

I

• Additional detailed papers are available firom the Department of Energy and others on these technological opportunities.
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1990 U^. Primary Energy Demand (quads)

PROFILE OF U.S. CARBON EMISSIONS IN THE ECONOMY

Energy Profiles
• Three sectors account for approximately one-third of U.S. primary energy demand

— transportation, commercid and residential buildings, and industry
• The electric utility sector supplies about one-third of this demand, virtually all in 

the buildings and industrial sectors, and consumes fuels to generate that power. In 
the buildings sector, two-thirds of the energy usage is from electricity, and in 
industry the share is just over 10%

• Growth in U.S. energy consumption changed dramatically after the 1973 energy 
crisis, but is projected to continue growing steadily in the absence of new policies:
— the 1960s +52% — the 1990s +12% (already +9% by 1997)
— the 1970s +14% — the 2000-2010 decade +12%
— the 1980s +11% — in total, 2010 will be 26% above 1990

Carbon Emissions Trends —1990 - 2020
• The profile in U.S. carbon emissions parallels the pattern of energy demand — 

the three sectors, transportation, buildings, and industry, each account for 
approximately equal shares

• Electric utility emissions are double-counted in the sector in which the 
electricity is used and can only be lowered by reducing electricity demand, by 
switching to lower carbon content fuels or by carbon sequestration

• Growth proj^ons for emissions parallel the pattern of energy growth.
DOE’S Energy Information Administration (EIA) projections show:
— Total emissions up 28%, or 377 million tons, from 1990 to 2010 
— Transportation up 43%, or 184 million tons
— Buildings |up 24%, or 111 million tons 
— Industry up 18%, or 82 million tons
— Utilities, included in the other sectors, up 30%, or 146 million tons

U.8. Carbon Emissions (mm tons)

Transport Buildings industry Utilities*

2020
2000

2010
1990

* Utilities emissioiB also included in final use aector
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LONG-TERM TECHNOLOGY STRATEGY

In the long-term, over several decades, reductions in carbon emissions will require two fundamental changes, (1) shifts to low-carbon 
and zero carbon forms of energy, and (2) significant improvements in the efficiency of our energy usage. Appropriate technologies ae 
the only way to achieve these goals without forcing consumers to give up the services and lifestyles they want. A technology strategy, 
in combination with appropriate pric^g policies, can achieve both goals and provide a strong worldwide position for the U.S. as a 
echnology leader and exporter by advancing improvements such as the folic

iMI 1

o Hydrogen fuels 
o Fuel cell vehicles 
o Electric vehicles i 
o Biofuels I
o Full PNGV 80 mpg vehicles

o Fuel cells 
o Control systems 
o Materials and structures 
o Efficient “plug load” 
o Lighting and equipment 
o Renewable energy

o High efficiency motors 
o Advanced processes 
o Materials recycling 
o Combined heat and power 
o Bioproducts/biofliels

..............

o Renewable energy systems 
— solar, wind, biomass 

o Distributed power 
o Advanced gas generation 
o Superconducting cables, 

transformers and generators

Long-term Market and Economic Uncertainties
• Electricity deregulation, international competitiveness, increased concern over other emissions and waste reduction
• Lifestyle trend changes (eg, telecommuting, consumer preferences for large vehicles)
• Commercial transport shifts in modes, speed, and the role of short- and long-range transportation of goods and people

.'t
Cost Issues X"
• Currently, the federal government spends only 1% of its R&D budget, or $600 million/year on long-term energy technologies

To achieve diese major advances will require significant public and private investment 
In the long run, it is uncertain whether such technological changes will produce net costs or savings to the U.S. economy

Policy Issues
• Federal and j>rivate R&D funding
• Public/private partnerships
• Financing programs

Information and education 
Federal procurement 
Regulations
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IN THE MEDIUM-TERM, TECHNOLOGY AND EMISSIONS TRADING PROVIDE A BRIDGING STRATEGY

In the medium-term, deployment of currently avaUable, under-utilized technology, or nearly avaUable technology, can serve a “bridging” 
function to reduce emissions sufficiently to aUow time for the long-term R&D developments and the commercialization of vanous new 

technolo^es to reach significant levels.

Emissions trading and joint implementation are critical to a technology strategy in providing timing flexibility to deploy efficient 
technologies at rates close to normal capital stock turnover cycles, and to provide a “safety valve” if the required ratra of teclmological 

•change cannot be achieved fast enough. Both of these steps will help keep costs significantly lower than they otherwise would be.

The DOE “Labs Study”, the lAT computer modeling, and other studies suggest ambitious rates of change in energy consumption, fuels 
mix, and technology would be needed to reduce U.S. carbon emissions significantly. For example, the implications of the most 
commonly evaluated scenario, reducing U.S. carbon emissions to 1990 levels by 2010, would lead to the foUowmg:
• Overall, emissions growth of28%, or 377 million tons, would have to be avoided or offiwt
. If reductiomi were limited to the U.S., unless large-scale fuel-switching occurred, energy growth would probably have to drop

to half its pr^ rate, to about 10 to 12% over the 20-year period, and h’s already about 9% above 1990 levels m 1997 
. With emissions trading and joint implementation, the models suggest that up to 40% of the 2010 emissions reduction might be

achieved abroad, at U.S. expense, to buy time for a more orderly technological transition here
• The key in tlie latter case would be to encourage, through pricing and other 

means, the utilization of the most effident or low-carbon technologies when 
capital stock is being installed or replaced on its regular cycle

Transportation
• In the Absence of intenuitionfll emissions trading, growth in energy usage by 

2010 would iiave to drop to about half its projected growth rate of 30% to 

40%, down to 15% to 20%
• On-road fue^ economy for all cars and trucks (new and existing) would have 

to reach 25 mpg by 2010, fi:om its present level of 20 mpg
• Through PNGV, government is partnering with automakers and expects to 

develop new automotive technology that can triple the fuel effidency of a

Emissions Stabilization by 2010 (mm tons) 
lllustratlvt Sesnarlo

Transport Buildings Industiy UtPHiss

1990
No Trading

2010 BAU 
Trading

t V f-

I IX. 44
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MEDIUM-TERM.........M.continued

typical femily sedan while meeting stringent emission&wd safety standards ana maintaining affordability, performance and 
utility. Production prototypes are expected by 2004'
One pathway to acldeve an on-road foel economy of 25 mpg would require about 30% of new light duty vehicles to meet the 
PNGV goal by 2010. Alternatively, all new cars and light trucks could incorporate 30% of the improvements represented by the 
PNGV goal by the 2010 model year....for 45 mpg new automobiles
Currently projected higher costs of PNGV improvements would pay for themselves in fuel savings within 4 to 5 years 
With international emissions trading, the pace of improvements coidd be slower, but would likely still need to show significant 
improvement in fuel economy over present vehicles

Commercial and Residential Buildings

• Without emissions trading, growth in energy usage in buildings would have to be cut in hal^ to a rate of about 10% by 2010
• Technolo^e^ needed to achieve these savings largely exist today. No major breakthroughs are needed. Over the next decade, 

most building could be cost-effectively improved to use 30% less energy while delivering the same comfort.
• To achieve the needed efSdency savings by 2010, approximately 35% of the equipment that normally would be installed or 

replaced in buildings by then needs to be cost effective, high efficiency equipment
• Technology deployment programs such as EPA’s and DOE’s Energy Star labeling. Rebuild America, and Green Lights 

programs, arle currently working to inform consumers and businesses of effidency and cost savings opportunities

Industry

Without emissions trading, energy growth would have to be almost flat at 1990 levels, instead of increasing about 20% by 2010 
Increased use of heat recovery, cogeneration, and more efficient motors offer the greatest generic opportunities, with other 
specific technolo^es also available in individual industrial sectors, such as those detailed in DOE’s “ffidustries for the Future” 
cooperative program with seven major energy-intensive industries
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With emissions trading, modest emissions and energy growth of around 7% by 2010 could be possible 
Industrial energy efficiency has improved since 1972, now requiring just 67% as much energy per unit of output

Electric Utilities

Without international emissions trading, utilities would likely have to make absolute reductions on the order of 30% in carbon 
emissions below 1990 levels, in order to offset the increases above with even substantial reductions in energy growth rates in 
buildings and industry, while at the same time supplying more electricity to customers 
Renewable energy sources would increase by 25%
Combined cycle natural gas pl^ts todav-can-gene^e electricity while emitting about 2/3 less carbon than many existing coal
plants. Natural gas would nJui^ double its 1990j)sage in the industry

al uatge would^ve^ droj^^^aBotirongffiifd to one-half the 19^evel, while natural gas use would increase from 50% to
CcVVS ^/^ee times its 1990n

• with emissions ttSdingrffie coal-to-gas shift could be less severe, but electricity demand would also nse faster. Overall,
emissions would still probably have to be about 10% below 1990 levels in 2010

• Shifts in the utility sector would offer other substantial air quality benefits. For example, fuel shifts and increased use of 
advanced technolo^es could reduce Nox emissions by over 1/3.

Costs

• How much these changes would cost the U. S. economy is uncertain. In some recent experiences, such as with the Montreal 
Protocol on ozone depletion and the sulfur dioxide emissions trading system under the Clean Air Act, actual experience has 
turned out to be substantially less costly than expected because market incentives were used

• The interagency economic modeling analysis indicates that the economic incentives need^ to reduce emissions to 1990 levels 
by 2010 would be in the range of $100 per ton if all of the reductions were made domestically, about $50 per ton with 
international ^igginns trading among developed countries, and as low as $20 per ton if both international trading and joint 
implementation were avtulable

• DOE’S “Labs Study” identified those technological changes that were estimat^ to be cost effective at an emission allowance
Driceofaooroximately$50perton o C
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• The true, net cost of such emissions reductions would depend significantly on how the revenues fi'om any emission allowance 
sales were recycled into the economy, and upon the degree of cost savings experienced due to reduced energy costs. The DOE 
“Lab Study” projected that the majority of costs would be offset by energy savings, with net costs as low as $10b annually in 

2010

^ A commitment to cap carbon emissions would provide an immediate incentive to invest in energy efficiency, but b^use of 

market imperfections, some additional measures could be needed to stimulate R&D, commercialize new technolo^es, and 
purchase and use advanced technologies as capital stock turns over in the economy
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T V

DOE’S ‘Labs Study’
“SCENARIOS OF U.S. CARBON REDUCTIONS 

The Potential Impact of Energy-Efficient and Low-Carbon Technologies’*

4 r-os'
j.-

c ■ 1^
■ /.

5
/

TBDE REPORT’S CONCLUSION ^
Technology can lower the net cost of stabilizing carbon emissions at 1990 levels in the medium term (i.e., 2010) to less th^$10 billion ^ 
a year or less (0.1% of GDP). International trading or flexibility in meeting a stabilization target, considered by other studiesrCQuld-—-^ 
reduce costs by another 50% or more. The study assumes penetration of technologies firom eiqianding Administration initiatives, such 
as the PNGV, natural gas technolo^es, the Climate Change Action Plan and renewable energy such as wind and biomass.

BACKGROUND . . , ^ j u •Five DOE national laboratories, led by Oak Ridge and Uwrence Berkeley National Laboratories, have conducted a comprehensive,
extensively peer-reviewed, 1 year “bottom-up” analysis of the role technology can play in stabilizing U.S. carbon emissions. It is the 
most authoritative and documented study of this subject since the National Academy of Sciences rep^ and the Office of Technology 
^ssSsSlMtRroort in 1991. The study documents in detail how four key sectors of the economy-buildings, tr^portetion, mdustry, 
and electric utilities-could respond to a climate treaty if launched in the year 2000 with a goal of stabilizing emissions m 2010 and a 
U.S. cap and trade system is phased in with graduaUy rising permit prices. The National Laboratories study examined what effect an 
aggressive program of research, development, and development of clean technologies could have if combined with alternative margmal 
permit prices of $25/ton and $50/ton of carbon (the average permit price is much^er^

RESULTSThe study concludes that energy efficiency and low-carbon technologies have a very large potential to cost-effectively reduce U.S. 
carbon emissions whfle meeting the full energy needs of U.S. businesses and famiUes. Many consumers and businesses will save money.
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Under moderate technology and market assumptions, energy efficiency technologies alone can reduce emissions in 2010 by 120 MMT 
(of the 380 MMT needed to stabilize at 1990 levels). This level of carbon reduction is estinwted to be possible at little or no net cost - 
that is, the energy bill savings fer exceed the investments required to achieve the carbon savings. Under more aggressive ^sumptions 
motivated in part by a $25/ton carbon permit price, a combination of energy efficiency, low-carbon technologies and relatively 
inexpensive coal power plant conversions to natural gas can reduce 2010 emissions by a total of225 MMT. Under a $50/ton carbon 
permit price, technology investments reduce 2010 emissions by a total of380 MMT. The analysis also suggests that substantial 
additional savings are available if permit prices were to begin to rise above the $50/ton level.

The annual investmrat costs of reductions of this magnitude are estimated to be $50 to $80 biUion per year, but result in substantial 
energy bill savings. The resulting net costs are on the order of-$25 to +$10 billion per year in 2010.

I

METHODOLOGY ^ j u **In contrast to the top-down economic modeling of the; Administration’s interagency team, the five laboratory study uses a bottom-up
technology-by-technology assessment as well as top-down en^eering-economic modeling approach. It draws upon a wide yanety of 
technology cost and performance information to assess potential impacts. It has been peer-reviewed by industry and academic experts. 
Analysis of the buildings, industry and transportation sectors quantifies the impacts of end-use energy efficiency improvements on 
carbon emissions. A utiHty sector analysis estimates the impacts of those improvements on utility carbon emissions, and quantifies 
additional emissions reductions through changes in operations and conversion of a number of coal power plants to Mturd gas. Finally, 
a number of promi^g very low carbon technolopes are examined to determine their potentid for emissions reductions, including 
advanced gas turbines in industry, biomass power, transportation biofuels and improved aluminum smelting.

TOTAL BENEFITS EXCEED TOTAL COSTS ^ •
In the long term, these climate change mitigation actions will provide additional benefits not fully ransid^ed m the ^dy - reductions in 
criteria air pollutants 0-c., ozone and fine particles), decreased dependence on foreign o^ peater industrial productivity, and U.S. 
leadership in technologies are likely to be a major source of international trade and jobs in the next century. This report provides details 
on the technologies that can potentially achieve the energy usage and carbon emissions reductions necessary if the U.S. commits to a 
scenario like the one outlined in the sections above, which would return U.S. carbon emissions to 1990 levels by 2010.
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POUCY OPTIONS FOR A U.S. TECHNOLOGY STRATEGY

To develop a set of poUcy options that can help estabUsh the appropriate price signals in the economy, and then provide a set of 
supplemental actions that will help overcome market barriers and otherwise faciUtate an efficient response in the private sector;

• encoura^g manufiicturers, builders, etc. to produce high efficienqr equipment, systems, materials, etc.
• stimulating consumers and purchasers to accelerate their acquisition and use of those technologies 

encouraging the development of financial, service, and other infrastructure to support those technologies

A MENU OF POUCY OPTIONS
• Prices In the economy

— Valuing carbon emissions rights, through a “cap and trade” system, which should be more effiaent and less costly than 

individual subsidies and incentives
— Investment tax credits, special depreciation treatment, differential fuel taxes (such as the ethanol tax credit), or other 

financial incentives through the tax system
— Feebates, or complementary product fees and rebates depending upon product energy efficiency

• Financing , ..._Enhance availability of financing through partnerships and innovative instruments with financial organizations
— Incorporate incentives into federal loan, loan guarantee, and grant programs to promote high efficiency technologies

I
• Federal R&D policy , ^ l-i

— National public/private initiatives in key technologies, modeled after the Partnership for a New Generation of Vehicles, eg:
• in DOE’S 7 “Industries of the Future” programs for Pulp and Paper, Chemicals, Petroleum Refining, Glass, 

Aluminum, Iron and Steel, and Metal Casting
• i in DOE’S “Buildings for the 21** Century” program for residential and commercial buildings

— Increased federal funding for R&D, pdot projects and demonstrations leading to commercialization and/or wider 
avmlability of new technologies — current federal funding is just over $600 million annually 

— “Bonus Fmi^fiinng Credits” under a cap and trade system to reward development and deployment of advanced technologies 
— Incentives for utility sector technology R&D incorporated into utility industry restructuring at the Federal and State levels
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Continued.......................
POUCY OPTIONScontinued
• Market transformation

— Market aggregation, for local governments and companies to coordinate purchases for greater influence 
— Business-government partnerships to provide information, demonstrations, and technical assistance 
— Field verification of advanced technolo^es

• Federal leadership through procurement
— Federal agencies “lead by example” by adopting aggressive policies to implement energy savings and renewable energy 

technologies at federal facilities, and to acquire and use more efficient and alternative-fuel vehicles in federal fleets 
— Broaden the participation in Federal Energy Savings Performance Contracts which DOE is implementing to leverage 

private sector financing through third party energy services companies to reduce the federal government’s $8 billion 

annual energy bill
_Executive Orders to provide clear direction and management flexibility for greenhouse gas emission reductions

within agency plans and programs
_Green Power Purchasing, by which agencies can negotiate contracts to supply a firaction of their electricity firom

renewable energy sources

• Regulation and standards
_Appliance efficiency standards, negotiated with the industry and public, such as the recent refrigerator standards
— Building energy effidenr^ codes, implemented at the local, state, and federal levels, as appropriate 
— Expedited environmental permitting for highly efficient or low carbon technologies 
— Coordinated implementation of National Ambient Air Quality Standards with climate change policies 
— Restructuring of the electric utility industry in a way that facilitates investment in new and renewable technologies

• Information and education
— Voluntary or mandatory energy performance labels to internalize the asset value of energy efficiency, such as efficiency 

labels on appliances, vehicles, computers, equipment, and commercial and residential heating and air conditioning systems 
— Federally-supported multi-media materials development for use in schools and the mass media

• International market development
— Special focus on bilateral trade agreements, export assistance, and financial assistance in support of U.S.-produced 

advanced technologies for energy efficiency, renewable energy supplies, etc.
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BACKGROUND ON KEY SECTORS

The material on these pages provides brie^ thumbnail sketches of sbc key sectors of the economy, listed 
below. For each, the information profiles the sector’s current energy and carbon emissions profile and 
trends, the types and «ctent of technological improvement needed under the scenario in which U.S. 
emissions are returned to 1990 levels by the year 2010. These descriptions assume no emissions trading 
or joint implementation, in order to provide a benchmark for further examination.

1.

2.

3.

4.

Autos and Light Trucks 

Freight, Aircraft and Rail 

Residential and Commercial Buildings 

Electric Utilities

5. i Renewable Energy

6. Industrial Emissions
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Autos and Light Trucks

Carbon Emitaiens

20202010

Taohnology

Source: Marical-Mactp ,1.25 Stabilization Case
\ » Clivus-
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Key Trends—1990-2010 , ^ u
• The transportation sector generates one-third of all energy-related carbon 

emissions in the United States. Moreover, this is the fastest growing end-use 
sector. Cars and light trucks (light duty vehicles) alone account for 58 
percent of the total transportation emissions.

• Average fuel economy for new automobiles has been regulated at a minimum 
27.5 mpg since 1985. It is projected to grow to 31 mpg in 2010. New 
minivans, sports utiUty vehicles, and other “light trucks” now get 21 mpg and 

are projected to get 23 mpg in 2010.
• Light trucks were 20 percent of the personal vehicle market in 1974,44 

percent in 1996, and are projected to be 50 percent by 2010. Assuming no 
change in this trend, this will result in a declining overall fuel economy for all 
light duty vehicles.

• Vehicle miles traveled have been growing 2-3 percent per year for the past 30 
years and are expected to grow 1.4 to 2 percent or more per year through 

2010. Improved fuel economy
will help nuuntain desired 
levels of vehicle miles traveled. New Vehiel* Fuel Economy

Needed Technological Improvements
• By 2010 about 30 percent of new light duty vehicles would have to meet the Partnership 

for a New Generation of Vehicles (PNGV) goal of a tripled fuel economy (e.g., 80 mpg 
for automobiles) to help reduce overall carbon emissions to 1990 levels. On the other 
hand, all new cars and light trucks would have to embody 30 percent of the improvement
represented by the PNGV goal (e.g., 45 mpg for automobiles).

• On-Road fuel economy for all cars and trucks Cmcluding both new and existing vehicles) 
would need to reach 25 mpg by 2010 and 31 mpg by 2020 compared to 20 mpg in 1995.

• Key technologies needed are vehicle weight reduction through advanced materials and
1980 1985 1990 1995 2000 2005 2010 2020

Model Yoar 
■ TliMln Combkitd

Source: DOE Labs; Marical-Macro 1.25 Stabilization Case
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design, hybrid/electric drivetrains, and improved aerodynamics.

rfS?^^&for the year 2010, these higher costs would pay for themselves in fuel savmgs within 3.5-S.3 years.
. WsVlTc^entlyflmded at $263 million (Federal share).

^‘ -'(Sw v h>
Policy Challenges

. Devise new commercialization strategies, including new approaches to fuel economy standards and market mcentives (e.g., Green 

Machine Challenge, financing packages, bonus emission credits).
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Freight, Aircraft and Rail

Carbon Emiaaions
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Key Trends; 1990-2010
• Freight, aircraft and rail togetherj 

dioxide emissions in 1990, near! 
transportation.

• All modes of freight transport have improved their energy efficiency. However, 
increased freight tonnage and shifts toward more energy-intensive modes have 
meant a 60 percent increase in the amount of energy used to haul freight since 
1972-1995, although about three times as much freight was transported.

• Opportunities to reduce carbon emissions from freight are expected to come 
mainly from trucking and air transport.

Source: DOE Ubs Study. 1997

• Key technologies to reduce energy intensity in truck freight in the next 10-15 years include vehicle weight reduction tough materials 
substitution (which could aUow for heavier loads and thus fewer trucks, improved tires, electromc engme and transmission rontrols). 
Larger reductions are possible beyond 2010 if hydrogen-powered, fuel cell powertrains are developed and co^era^ for truck 
transport. Also, a more aggressive technology scenario might include advanced diesel engines, rapid penetration of diesel trucks that are
25 percent more efficient than current diesel engines. ^ ^

• NASA programs have helped to reduce energy intensity in air transport for over 20 years. NASA s high performarice tome engine 
technology program aims to achieve a 40 percent increase in fuel efficiency by 2003, and such engines could conceivably be on commercial

aircraft witldn 15 years.
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Costs• The DOE Labs Study estiiwites that annual costs needed to achieve emissions reductions in 2010 in freight transportation range from $20- 
25 billion, and could save $2^0 billion annually in fuel costs.

^ ':;s

Technology R&D is key to redudng energy intensity in trucks in the medium and long term. Hybrid powertrains could likely be
significantly advanced with increased R&D funding.

. To achieve a high efficiency/low carbon technology scenario. R&D programs might need to be increased substanUaUy.
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Residential and Commercial Buildings

Carbon Emissions
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Source: EIA, Markal-Macro. DOE Labs Stucfy, 1997

Key Trends-1990-2010
• 35% of U.S. carbon emissions are from energy use in buildings, with homes 

emitting 19% and conunercial buildings emitting 16%.
• Energy intensity in buildings has declined substantially since the late 1970s.

Primary energy intensity in commercial buildings declined by 22% between 1979 
and 1992, while residential primary energy intensity dropped by 15% since 1978.

• Buildings have become increasingly electrified - driven by rapid growth in office 
equipment, small appliances and other devices collectively know as “plug loads”. 
From 1978 to 1992, commercial electricity consumption grew by 37%, while 

residential electricity grew by 36%.
• Due to continuing electricity groivth, the EIA forecasts that future commercial 

energy intensity will decline by only 0.2% per year, and residential intensity by 
0.5% per year. However, numerous studies identify substantial additional potential 
for cost-effectively reducing buildings energy consumption and greenhouse gas 

emissions.

Needed Technological Improvements
• Technologies needed to achieve the emissions reductions above largely exist today.
• The large potential emissions reductions are not being achieved in current markets because of 

a number of market barriers that impede the diffusion of energy-efficient technologies - such 
as lack of reliable product information; higher up-front costs; split incentives between 
efficiency purchasers and benefidaries; conflicting building codes; and lack of market 
expertise in effidency design, construction and financing.

• To achieve the effidency savings in 2010, the equipment that naturally turns over in about 
35% of buildings is replaced with the most cost-effective technologies by 2010; these savings 
assume normal retirement of equipment at the end of its useful life.

• Energy efficiency improvements needed are 12% for residential buildings and 18% for 
commercial buildings by 2010 vs. no sustained improvement from 1980 to 1995.

Buildings Energy Intensity and 2010 Target

I I n
1979 1983 1986 1989 1992 1995 2010

Home* ---- Commercial

Soiircft: EIA DOF. I ,«bs Shidv 1997
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Integrated renewable technologies in buildings can cut heating and cooling loads while directing cutting emissions.

Costs
• The DOE Labs Study estimates investments to achieve these 2010 savings are $7-$14 billion per year and result in 2010 energy bill savings 

of $18-33 billion - a net savings of $10-19 billion and a 20% return on investment.
• DOE estimates costs of Federal programs to accelerate the use of energy eflScient technologies in buildings are $300 million per year.

Policy Challenges
• Federal, state and local policies that accelerate technology deployment and energy efiScient building deagn, construction and operation.
• Partnerships with states, local government and industry to improve efficiency of existing buildings and remove market barriers.
• Research and development of a portfolio of advanced buildings technologies.
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Electric Power

Carbon Emissions
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Key Trends -1990-2010
• 36% of US carbon emissions are in the electric utility sector, primarily 

from burning of coal and natural gas.
• Coal and natural gas together are projected to increase from 63% of 

energy inputs to 70% by 2010, increasing the carbon intensity of this 

sector.
• Demand for electricity is projected to rise by 20 percent per decade 

compared to 30% from 1980 by 1990.
• Renewable power (other than hydroelectricity) is projected to rise from 

1.5% of generation currently to 1.8% in 2010.

Somce: Mail^-Macro 1.25 Stabilizatioa Case

Needed Technological Improvements
• No breakthroughs are projected in generation technology. Continued improvements will be 

possible from combined cycle turbines, gasification for biomass fuels, wind turbines and 
system improvements (such as transmisdon effidency).

• First, end use electridty demand growth must slow - eflSdent technologies can reduce 
demand to 23% above 1990 levels by 2010, vs. a business as usual forecast of over 40% 

growth.
• Second, those reductions must primarily reduce coal-fired generation.
• Third, remaining coal-fired generation must be reduced in favor of natural gas, through gas co­

firing, conversions to gas, and increased use of combined cycle gas turbines.
• Beyond 2010, nuclear plant life extensions may be an economically viable option.
• Renewables such as solar, wind, geothermal and biomass must be promoted for the long term, 

and must be accelerated to make a larger contribution.

% Shar* of U8 Oanaratlon

1990 2010 2020

Coal (bate) 
Oaa (bate)

Coal (policy) 
Oaa (policy)

Source: DRI 1.25 Stabilizatioa Case
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Costs
• Cost estimates for the needed changes in the utility industry are under development at this time.

Policy Challenges
• Aggressive R&D and marketing for energy efficiency sectors is essential.
• Integrate climate policy with competitive trends and air quality regulation.
• Incentives for shiffing power to lower-emitting fuels - pricing, emissions trading credits, promotion, regulation, and financing.
• Incentives to develop emissions sequestration alternatives such as the capture and combustion of methane fi-om landfills for power 

generation.
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Renewable Energy

Carbon Emissions Savings

2020

Source: DOE Labs Study, 1997
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Key Trends -1990-2010
• Today, roughly 12% of the countiy’s electricity generating capacity is 

from renewable energy - vnth 85% of this from hydropower. Newer 
renewable technologies - including wind, biomass, photovoltaics, solar 
thermal and geothermal - are increasingly economic and have large 
potential.

• Costs have dropped dramatically -photovoltaic cells have dropped from 
$0.90/kilowatt-hour in 1980 to under $0.20/kWh today, while wind 
power has dropped from $0.25/kWh to $0.05/kWh.

• Cost reductions will continue because of R&D advances and as 
manufacturing process improvements and production rates decrease 

costs.
• Cost performance improvements have resulted in several technologies 

being competitive in selected markets today and others will be 
competitive in broader markets in the near future.

• Several major international companies such as Royal/Dutch Shell, expect 
these technologies to be dominant global energy sources and are 
substantially investing in their development.

Needed Technological Improvements
• The contribution of renewable electric technologies to emissions reductions could be substantially higher than projected in the base

case.• Costs and performance of these technolo^es continue to improve, but additional advances in wind, biomass, photovoltaics,
geothermal, solar thermal and transportation biofuels are needed - such as; wind turbine design for moderate wind speeds, 
photovoltaics conversion efficiency improvements, geothermal drilling technology and resource verification, large-scale celluosic 
biomass fuels production, and biomass combustion and integrating renewable technologies into building designs.
Non-hydro renewable energy generation c^padty could grow from 9 gigawatts (GW) today to 21-24 GW in 2010 and 77-108 GW
< i/*' )by 2020. I
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Costs
• According to the DOE Labs Study, the incremental capital investment in renewable power systems needed to achieve the above 

results is $2-3 billion in 2010 and $15-25 in 2020 - although fuel cost savings in 2020 will result in net incremental costs that are 

low or negligible.
• As estimated by DOE, the incremental production cost of renewable electricity is estimated to be $2-3 billion/yr in 2010 and 

negligible in 2020 as multiple renewable technologies are widely competitive with gas technologies.

Policy Challenges
• Expand technology R&D to lower costs and increase performance.
• Conduct cost-shared technology difiusion with industry to increase utility system experience and increase U.S. renewable energy 

production capacity.
• Conduct R&D on key support systems such as power storage, power conversion systems, controls and superconducting power 

equipment
• Encourage use of U.S. renewable technologies abroad to tap the huge global market for renewable energy.
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Industrial Emissions
Carbon Emissions
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Key Trends -1990-2010
• Based upon EIA data for 1995, the industrial sector uses 37 percent of 

the nation’s energy, or 34 out of a total 91 quads. Carbon emissions are 
now at about 33 percent or total emissions in the United States, or 464 
of 1424 million metric tons (MMT). The industrial sector is second only 
to transportation in the growth of carbon emissions.

• Electricity accounts for 34 percent of the total industrial carbon 

emissions.

Source: Maikal-Macro T^hnology Investment Case

Needed Technological Improvements
• With normal rates of capital stock turnover, the industrial energy intensity 

is expected to decline at a rate of 1.2 percent in base case forecast for the 
period 1997-2015. I^orically, energy intensity has decreased by an 
average of 1.8 percent annually from 1972 to 1995. During this period, 
average energy intensity declined by 3 percent between 1972 and 1985, 
and then remained relatively unchanged from 1985 to 1995.

• The industry sector is also responsible for most of the non-energy related 
emissions of carbon dioxide (21 MMT) and other greenhouse gases (219 
MMT of carbon equivalent). Although industrial emissions of these gases 
are far smaller than energy-related carbon emissions by weight, they have 
global warming potentials (GWP) that range from 21 for methane to 
23,900 for sulfur hexafloride (SF6).

Average Rate of tnduetrtal Energy 
Efficiency Improvement 2000 to 2010

ie72-iess lees-iees 2010 bim 2010 reek.

Source: Maikal-Macro Technology Investment Case
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The industrial sector has the potential to reduce energy use by 10-15 percent over 2010 baseline forecasts through cost effective 
investments in energy eflScient technologies, and in some cases, low carbon technologies.
The use of heat recovery and combined heat and power (i.e., cogeneration) systems such as the Advanced Turbine System, can 
reduce industrial carbon emissions by up to 35 MMT/year in 2010 with electricity costs that are 10 percent lower than current
systems.Motor systems account for 70 percent of industrial electricity use (about 120 MMT). Better designed energy-efficient motor 
systems could reduce electridty use by up to 40 percent. Better maintenance of compressed wr systems can also save 40
percent ofthe energy used in such ^ems. . ^ , . u
In addition, there are important longer term opportunities to reduce the carbon intensity of mdustnal operations through
changes in the fiiel mix, and by using lower-carbon fuels.

CostsThere are readily-available but underutilized technologies with two to four-year paybacks that can reduce industrial energy use 
by 10 percent or more. As referenced above, these technologies include more efficient motor systems, air compressors, and
process efficiency improvements. • u

• DOE estimates that the cumulative investment necessary to reduce industrial carbon emissions to 1990 levels by 2010 is on the 
order of $47 to $58 billion in the period 1998-2010. On an annual basis, this is about 3-4 percent of the total investments made 
by the manufacturing sector in 1995. By 2010, annual energy savings are estimated at $8-10 billion (with all values in 1995 

dollars) ~ approximately a 17% to 20% return on investment.
• Many of the most successful technologies have multiple benefits, including environmental- or productivity-enhancmg may 

actually improve the competitive position of many industries.

Policy Challenges , . •• PoUcies to encourage the more rapid diffiision of existing technologies include: (1) incentives to accelerate the mvestment m
new capital stock and equipment; (2) increased RD&D to facilitate the development of improved technologies as weU as the 
development of a new generation of industrial technologies; (3) incentives to increase the use of recycled fe^stocks; (4) 
expediting the use of combined heat and power systems throu^ improved environmental permitting and by incorporating 
provisions into the ongoing utility restructuring that facilitate the sale of excess power by industrial plants; and finaUy (5) a life 

cycle approach to environmental permitting and regulations.
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MEMORANDUM FOR: 

CC:

FROM:

SUBJECT:

JASON SHOGREN 

TOM RHOADS 

MIKE TOMAN

“JOINT IMPLEMENTATION” - SOME DISCUSSION POINTS

You asked me to prepare some general points that could help guide CEA’s thinking on 
how joint implementation should be structured. Here are some generd issues that need to be 
emphasized, in my view:

(1) Transactions costs. On the one hand, it is true that the potential cost savings from JI for US 
emitters are high enough that some transactions costs can be borne; and that some should be 
borne to develop a system that is environmentally and politically acceptable. On the other hand, 
past experience with emissions trading programs indicates that transactions costs can cripple 
trading when there is no effective way to manage them. In this regard, for example it would he 
very counterproductive to require too many reviews of JI proposals and performance from too 
many parties, especially third parties who may have idiosyncratic interests and bear no costs for 
frivolous challenges. There is simply no way to manage that kind of risk, and the rational 
response of both investors and hosts will be to eschew many if not most possible projects. It 
makes a lot more sense to have the project reviewed at the proposal stage, and then again^Ser a 
number of years (perhaps with random spot-checking; atmual review is too hnrden.snmf! and 
doesn’t provide scope for inevitable fluctuations in petfonnance). If projects are found to be in 
default, then whoever is responsible could be required to make restitution. The simplest way to 
do this would be to require the emitter to retire an offsetting number of other carbon credits plus 
a penalty, though putting all the burden on the credit buyer creates its own adverse incentive 
problems (presumably insurance mechanisms could develop; this was a major point of contention 
in the development of EPA’s Open Market Trading Rule for 03 and VOCs).

(2) Additionality: these issues are in some ways extensions of the points above. There is 
considerable concern about how to determine whether certain emissions reductions wouldn’t have 
happened anyway, leading some to conclude that there should be no JI (trading should only take 
place within Annex 1 countries with national caps), or at least that JI should be restricted in 
various ways. Additionality is a practical concern, but we have a lot of time (several years) to 
work out some sensible, transparent, easily implemented protocols. Analysts at the lEA and 
OECD, among others, already are engaged in this process, and it should be allowed to run its
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course. We should not let our current uncertainty about how to address the problem freeze us 
into a very restrictive posture toward JI in the long term. In particular, we need to watch out in 
trying to early to establish an “approved” list of JI project types that qualify for additionality, since 
this is the way de facto design standards get created. (We do need to think about sequestration 
differently from emissions reduction, but that is a specific narrower question.)

(3) “Paper Credits” and “Leakage:” A related question is whether it makes sense to have trading 
involving non-Annex 1 countries, since their emissions are likely to be growing anyway. This 
view reflects a basic misunderstanding of what JI is supposed to do. It is supposed to provide a 
way to reduce the cost of achieving whatever emissions reductions targets are negotiated; and in 
the process, it can provide a valuable spillover benefit by introducing climate-friendlier and 
economically beneficial technologies into developing countries, reducing their baseline emissions 
growth. If emissions reductions are additional, they necessarily are making emissions growth 
slower than would otherwise have occurred.

(4) Discounting credits: some arguments have been made that JI credits should be discounted to 
reflect a variety of factors, including uncertainty about additionality and monitoring, leakage, and 
the desire to get non-Annex 1 countries into the Annex 1 trading system. As suggested above, I 
tliink the leakage argument is specious. Discounting for uncertainty is possible, but it needs to be 
handled with great care lest any incentives to improve performance be taken away, or that 
discounting introduce an untoward bias in favor of some teclinology types over others. Better to 
just get people to improve monitoring. Finally, discounting to induce participation in Annex 1 
trading has it all backwards - these countries are supplying a valuable service to us with JI. not 
the other way around, and we should not be impeding the supply of that service. They do not at 
this point have much incentive to opt into a national cap and trade system just because we shoot 
ourselves in the foot by discounting JI credits.

I hope these thoughts are useful. Please contact me with any questions or comments.
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To: JA, RL, AM, JY

From: JF

Re: Proposal to phase out trading

Did you all see this? Did we know that this view was out there? Does the e-trading paper 
address this view? If not, I think it should, as a first step to countering it if it comes up in 
international negotiations.

Emissions Trading 

In Warming Pact 

May Be Phased Out
By John J. Fialka

Staff Reporter of The Wall Street Journal
WASHINGTON - The emissions trad­

ing that the U.S. pushed to be a permanent 
feature of last year’s global wanning 
treaty may phase out after eight years, 
according to the head of the United Nations 
conunission that negotiated the pact.

The practice will eventually discourage 
the involvement of developing nations, 
which worry that emissions trades would 
perpetuate pollution by industrial coun­
tries. said Ambassador Raul Estrada- 
Oyuela, an Argentinian who heads.the 
U.N. agency in Bonn that is preparing for 
the Kyoto, Japan, treaty’s implementa­
tion. “We want to make sure we’re not 
creating a new crop for nations to sell," he 
added.

Trading and compliance details are to 
be included in negotiations set for this 
.November in Buenos Aires. Enforcement 
of limits for developed nations is scheduled 
to begin in 200S.

Through trading, industrialized na­
tions can reduce the economic impact of 
global controls on emissions of carbon 
dioxide and other man-made “greenhouse 
gases" thought to be warming the earth's 
atmosphere.

A company could receive credit against 
its country’s limits by buying emissions 
rights from companies that have reduced 
warming-related gases below their limits. 
Or the company could get credits by help­
ing developing nations reduce their emis­
sions, which might be cheaper than meet­
ing its-countrv’s limits.

The treaty, which would reduce the 
average industrialized nation's emissions 
by 57c from the base year 1990, was opened 
for signature yesterday at the U.N. Small 
island nations and European Union coun­
tries are expected to be among the first to 
sign. The U.S. is likely to wait until after 
details are hammered out in Buenos 
Aires.

The White House hasn't submitted the 
treaty for Senate ratification because of 
strong congressional opposition. The Sen­
ate has tied its approval to the application 
of emissions controls to China and other 
major developing nations not subject to 
treaty controls.

the wall street journal
TUESDAY, MARCH 17, 1998
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Exhibit 3 Ulustrates the results for model luxu for the U.S. that select only cost-effective 
carbon reduction options—those diat an chewiest on the basis of life-^|« oosts. By «<"finiTiffn 
of the models, diese emlsuon reductions has zero or negative costs associated with them. Most 
of die i«idies indicate that emissions can be kept at or below base year levels for about 20 yean. 
Ihe OTA and MARKAL studies indicate steadily rising emissions while the ABC sandy 
indioates steadily falling emissions thereafter; the difference reflects different assumptions about 
technology opportunities in the future.. Ihe EIA stutfy considers only energy effloienoy 
improvements and is unable to match the others b terms of identified cost-effective 
cppoitunities. ''

Exhibit 4 illustrates the lowest-coibon run undertaken by each U.S. study. Ihe EIA 
study results m only modest additional reductions b carbon emissicms. ^1 of the other studies 
are able to reduce emisslona below the base year. AEG reduces carbon emissions by 40 percent 
by the year 2010. Exhibit 5 mdioates the assumptions and cost-resulu for these studies. Only 
the most aggressive carbon reduction case is incbded. For all but the MARKAL study, the 
bvestments include a mix of those that save more than they cost ("no regrets”) and tiiose that 
cost more than they save (for MARKAL, all measures have positive oosts). The resulting 
averagu costa may be positive (OTA, IGF, MARKAL) or,negative (ABC, OTA). Marginal oosts 
- fee cost of the last ton of carbon saved - tend to be significantly bi^er than average oosts, 
bdicat Jig that costa rise as the strbgency of the carbon limit increases. (Avenge oosU actually 
fall b the AEG study as the strbgency bcreases, even though roargbal costs rise. This is due to 
"no regrets” bvestments bebg brougb b foster b the mote strbgent scenario.)

Economy-wide cost eatimates. The Energy Modeling Forum at Stanford Univenity 
brought together a number of economic roodciorE to analyze carbon taxes, and they differed by a 
factor of 5 b their conclusions as to how large a tax would be required to acfabve specific 
emissions goals. To the extent possible, key assumptions were standardized across models. 
Most of the scenarios exambed in the models assume bitial reduction steps begbnbg b 1990. 
Scenar os b which emissions reductions do not begb until 2000, and begb from the higher base 
level projected at that time, would likely engender higher oosts.

Exhibit 6 tabulates model estimates of U.S. GDP oosts of emissions reductions. 
StabilLung emissions at their 1990 levels is generally estimated to reduce GDP by .2 to .7 
percent b the year 2010. a S20-70 billion loss for that year. Ona macro study, however, 
estimates the cosu to be approximately 3% of GDP. These estimates assume a lump sum 
redistribution of tax revenues, with no bcentives effects on marginal tax rates. GDP losses 
moreasc as be emissions target gets more stringent: estimated ODP bsies b 2010 with a 20 
percent reduction from 1990 range from .9 to 1.7 perrent of ODP. Estimatea range from $20 to 
$1 SO psr ton for the carbon taxes required to hold emiasions at 1990 levels b 2010. To achieve a 
20 penent reduction, model estimates range from $50 to $330 per too. High carbon taxes were 
required b models that assumed a low price responsiveneas to higher energy prices and slow 
ai^ustment of the capital stock.

Note however, that the above estimatea are baaed on a pre-apecified set of economic 
osBumjitions imposed upon the modelers. When modelers are free to choose the economic 
as8umi>tions they consider most likely to materialize, the range of cost estimates is much wider. 
For exiunple, Montgomery, Hughs, and Yonchar (Global Climate Coalition) estimate that even a 
$200 i>er ton tax, oauabg a 4.3H ODP loss, would be bsuffleient to attab be 20 percent 
reducUon goal by 2010. TUs same pobt applies to OECD and world estimates.

WORKING DRAFT 11/28/93



02/03 ’00 20:45 ID:SPF-301 Series
ll/28/’tft 20:18 ^202 ZBO 0812

FAX:

AIR A BNBRCY BR.

PAGE 6

81014/020

Exhibit 6: OOP and Carton Taxei In Carton Emifolona Reductona 
In Eoonomy<wlde Modala

Model Modal Type
% GDP loss

Carbon tax toval 
(per ton of carbon)

StabUbte
emisaiona at 1900 

levels by 2010

Reduce emissions 
20^ below 1990 

levels bv 2010

StablUze
emlsslona at 1990 

levalsbv20iQ

Reduce emlsr krtie 
20S below 11M 
levels by 2C13

United Slatea mmmm

CRTM Olsagsragate 0.2 1 150 260
(Rutherford) eoon equil

D3EM Dlsagoregate . 0.6 1.7 , 20 60
(Jorgenaon/WtlcQxeri) eoon equil
ERM Energy sector 0.4 1.1

(Edmonds/RalU/) equH
Foaall2 Energy sector 0.2 1.4 60 250

(Balanger/Nalll) equil
Oemlnl Energy aeetor 120 330

(Cohan/ScheraBi} equil
Global 2100 Aggregate 0.7 1.6 110. 240

(Manna/RlchelB) eoon equil
Global Macro Energy aeetor 20 60

(Peppcf) equil
Ooulder Disaggregate 0.3 1.2 20 50

aeon aquit
Green Disaggregate 0.2 0.0 80 170

(Martin/Bumlaux) eoon equil
MWC Energy sector 0.6 1.1 70 160

(Mlntzm) equil
PRl Macro 3 160

(Horowhz)
Other OECD
ERM 0.S BO
Green 0.3 40*
Global 2100 0.5 80

%ODP loas for other rediietlQn U sals
World % GDP loss K reduction below

stabilize at 1990 levels by 2020 1990 levels by 2020 %GDPkr i;
ERM 1.1
Green 1.5
Global 2100 2.2
CRTM 0.B
Eumlaux • 17 1.B
Edmonda/Barnes 22 1.6
Manna 13 2.0
Rutherford 16 1.G
*Hoa bwor DaMHrw asaumoe rapid ptMwe-<n ot backstop technologies.

WORlONGDRArr 11/28/95
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Exhibit 3 illustnies the results for model mm for the U.S. that select only cost-«ffective 
carbon reduction options—those that are chewiest on the basis of life-^le costs. By definition 
of the models, these amission reductions has zero or negative costs uiociated with them. Most 
of the (studies indicate that emissions can be kept at or below base year levels for about 20 years. 
The OTA and MARKAL studies indicate steadily rising emissions while the ABC study 
tttdieatos steadily foiling emissions thereafter, the difference reflects different assumptioiu about 
technology opportunities in the future.. Ihe EIA stutfy considers only energy effioienqy 
improvemenu and is unable to match the others in teims of identified oost>effoctive 
oppoitmiiUes. ^

Exhibit A illustrates the lowest-carbon run undertaken by each U.S. study. Ihe EIA 
study results in only modest additions! reductions m carbon emissicms. of foe other studies 
arc to reduce emissions below foe base year. AEG reduces carbon missions by 40 percent 
by foe year 2010. Exhibit 5 mdioates foe assumptions and cost-results for these studies. Only 
the most aggressive carbon reduction case is included. For all but foe MARKAL study, foe 
invesfotents include a mix of those that save more than they cost ("no regrets”) and those that 
cost more than they save (for MARKAL, all measures have positive costs). The lesultiag 
average coats may be positive (OTA. IGF, MARKAL) or,negative (ABC. OTA). Marginal costs 
— the cost of the last ton of carbon saved — tend to be significantly hi^er fom avenge costs, 
indicat Jig that costs rise as foe stringency of the carbon limit increases. (Average costs actually 
foil in the AEG study as foe stringency Increases, even though marginal costs rise. This is due to 
"no regrets” investments being brought in faster in the more stringent scenario.)

Economy-wide cost utimates. The Energy Modeling Forum at Stanford University 
brought together a number of economic modelers to analyze carbon taxes, and they differed by a 
factor of 5 in their conclusions as to how large a tax would bo required to achieve specific 
emissions goals. To foe extent possible, key assumptions were standardized across models. 
Most of the scenarios examined in the models assume mitial reduction steps beginning in 1990. 
Scenar OB in which emissions reductions do not begin until 2000, and begin from the higher base 
level projected at that time, would likely engender higher costs.

Exhibit 6 tabulates model estimates of U.S. GDP costs of emissions reduotions. 
StabilLung emissions at their 1990 levels is generally estimated to reduce GDP by 2 to .7 
peroeni in foe year 2010, a S20-70 billion loss for that year. One macro study, however, 
estimaies the eosts to be approximately 3% of GDP. These estimates assume a lump sum 
redistribution of tax revenues, with no incentives effects on marginal tax rates. GDP losses 
increase as foe emissions target gets more stringent: estimated GDP losses in 2010 with n 20 
percent reduction from 1990 range from .9 to 1.7 percent of ODP. Estimates range from $20 to 
$150 per ton for tho carbon taxes required to hold emissions at 1990 levels in 2010. To achieve a 
20 pen«nt reduction, model estimates range from $50 to $330 per top. High carbon taxes were 
required in models that assumed a low price responsiveness to higher energy prices and slow 
a4|ustnient of the capital stock.

Note however, that foe above estimates are based on a pre-specified set of economic 
asBufni>tion8 imposed upon foe modelers. When modelers are free to choose foe economic 
assumittions they consider most likely to maierialue, foe range of cost estimates Is much wider. 
For exiunple, Montgomery, Hughs, and Yanehar (Global Climate Coalition) estimate that even a 
$200 i«r ton tax, causing a A.3% ODP loss, would be insufficient to attam foe 20 percent 
reduction goal by 2010. TUs same point applies to OECD and world estimates.
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ExMbK 6: OOP and Carbon Taxet In Carbon Emioalono Roductiona 
In Eoonomy>wldo Modela

Model Model Type
%GDPIo8B

StabUlza
emioolono at 1690 

levels by 2010

Reduce emissions 
20% below 1600 

levels by 2010

eiADiln

Carbon tax level 
ber Ion of carbon)

emissions al 1660 
levels by 2010

Reduce emisr Ions 
20% below 11)0 
levels by 2C13

United Stales 
CRTM

(Rulherford)
DOEM
(Joroeneon/Wilcoxen)
ERM

(Edmonds/RalUy)
FoselQ

(Belanger/Nalll)
Oemihl

(Cohen/Schsrags)
Global 2100

(Manne/RIchels)
Olobei Macro

(Peppcf)
Ooulder

Green
(Martin/Bunniaux)

MWC
(MIntziir)

DRI
_____ (Horowitz)

Olsaggregate 
econ equil 
Dlsaggregaia 
eoon equil 
Enargy sector 
aquH
Energy sector 
equil
Energy sector 
equil
Aggregate 
econ equil
Energy sector 
equil
Disaggregate 
econ equil
Disaggregate 
econ equil
Energy sector 
equil

Macro

0^

0.6

0.4

0.2

1

1.7

1.1

1.4

.?

0.3

0.2

0.6

3

1.2

0.6

1.1

150

20

80

120

110

20

20

80

70

160

260

50

250

330

240

SO

50

170

180

Other OECD 
ERM 
Green 
Global 2100

0.5
0.3
0.6

60
40*
80

World

ERM 
Green 
Global 2100’ 
CRTM 
Sumlaux
Edmonde/Sames
Manne
Rutherford

% GDP loss
Stabilize at 1660 levels by 2020

%QDP lees for other reduction U lels^
% reduction below 

1660 levels by 2020
1.1
1.5
2.2
0.B

17
22
13
16

%GDPk^ i;

1.6
1.9
2.8
1.6

*Hes lower besavne r< assumes rapid ptiase-in of backstop tschnologles.
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OUTLINE FOR EMISSIONS TRADING STUDY 

I. The Challenge of Global Climate Change

II. Reducing Economic Impacts Through a Cost Effective Approach 
comparison of Command and Control versus Market-Based Approaches

III. Evolution of Emissions Trading Programs - Netting, Bubbles,
Recent Experience

IV. Characteristics of a Cost Effective Emissions Trading Program

A. Flexibility in When and Where Reductions Occur

1. Reducing Costs through Timing of Reductions

a. Potential for Cost Reductions
b. Mechanisms for Improving Flexibility in Timing

(1) Banking
(2) Borrowing

2. Reducing Costs through Choice of Location: Potential for Cost
Reductions

B. Incentives for Innovation and Diffusion
C. Low Transactions Costs and Broad Participation: Issues in

Market and Permit Design

D. Equitable Distribution of Effects of Program

E. Monitoring and Enforcement Costs

F. Impact on Ancillary Benefits and Costs

1. Effect on Costs on Other Environmental Programs

2. Leakages

V. Estimated Costs

VI. Issues:
A. Other Market Based Approaches
B. Domestic versus International Trading



}
C. Allocation Formula or Auction

D. Where in the Product Cycle to Impose Controls

E. Hybrid Approaches

F. Sinks
G. C02 versus Greenhouse Gas Trading



Climate Change Agenda 
September 5,1997

o”,

(cJ2

1. The big picture

,A. What are the scientific uncertainties? SQUITIERI memo done, attaching article from 
Science

1 B. What obligations should we argue for in Kyoto? - FRANKEL paper in process

C. How would we implement a program domestically to attain obligations that might be 
agreed upon in Kyoto?

' ^1. Domestic emissions trading paper ^
2. Why are we so staunchly opposed to CAFE-type regulation?

What role might we expect technology to play in helping us to meet any obligations we 
might assume in Kyoto? What is the proper role of government in fostering the 
development of that technology? GILLINGHAM —•

E. How and when will developing covmtries participate? ^ Jfig i/

F. How would any iintemational agreement be enforced? ■' s Wx-

G. What if Kyoto blows up? (Would we take unilateral action?)

Would another meeting between Yellen, Summers, and associates 
be warranted to touch base on their vision of the big picture?



I ^ it

I. Domestic Emissions Trading

We are now working with EPA on a paper that will cover four options, representing the
convolution of upstream/downstream and auction/allocation (SQUITIERI).

1. Heavily revise EPA’s version of the two upstream options (target: 9/5)

2. Receive EPA’s version of the two downstream options (target: COB 9/4), and provide 
comments (target: COB 9/8). These comments probably only need to state our 
objections, and hit the low points.

3. Develop a clear written explanation of why we oppose tradable credits. Key points 
should include the inefficiencies of CAFE-like approaches (doesn’t penalize intensity of 
use, impacts only market for new units, not existing); should draw on empirical literature 
concerning the cost of the CAFE standards relative to a gasoline tax (target: COB 9/8).

4. Gardiner wants to talk things through face-to-face (especially our visceral opposition to 
downstream options) after we’ve had a chance to look at the downstream stuff. After that 
we can decide whether we need to append a statement to the effect that “the downsteam 
options are vigorously opposed by the economics agencies.”

5. Wrap-up (target: COB 9/10?)

II. Technology

A. GILLINGHAM and ALDY to draft stand-alone technology paper.

[Might include an argument along the following lines, supplied by Summers: Even if you 
accept the Slabs report lock, stock and barrel, you get only X percent of the way there 
without raising price. To get all the way there, you have to raise price by Y percent. This 
would have the following implications for energy prices—x for coal, y for gasoline, 
etc.—and would be roughly Z times as large as the BTU tax that was proposed early in 
the first term.]

Transmit to D. WILLIAMS and B. BOORSTIN for comment

B. GILLINGHAM and ALDY(?) to lead the effort in commenting on technology options 
paper when it arrives late next week

III. Targets and Timetables

A. FRANKEL & CO have produced draft. WILCOX has provided comments. Paper 
currently under revision at CEA.



B. JONES memo near completion.

rv. Other Analytics

/ A. MULDOON to work on effects of policies on the typical family. (Rough draft expected 
J COB Friday, Sept 5)

B. GRUBER and JONES to work on incidence across income groups (Rough draft by 
^ Sept ?)

C. ALDY (CEA) has completed memo on size of financial flows; has this been transmitted 
upward?

D. MULDOON to work on political economy lessons BTU tax (Draft exists?)

E. MULDOON to work on political economy lessons of Carter oil allocation scheme. 
(Rough draft by Sept ?)

F. SCHOLZ to work on incidence as between households and firms. (Might the paper by 
Poterba, Rotemberg, and Summers be relevant here for shedding light on degree of pass­
through?)

G. SCHOLZ to work on revenue recycling. How does the prescription of academic public 
finance theory translate into the real world? Why do simulations of empirical models 

Jest that deficit reduction might be a better way to go than recycling? (Do they?)

H./f®GlLLINGHAM to work on spelling out emissions baselines for developing countries that 
JvjL tic 0^ would not involve either excessive restraint on growth nor large transfers of resourc^. _
p ^^-^^(Frankel recommends consulting his comments on State Dept papers. Gruenspecht may

M also have ideas on this.)

“po ', GRUBER and GILLINGHAM to work on developing principals for climate change.]

J. GRUBER, WILLIAMS, and BOORSTIN to work on the political economy of climate 
change.

K. SQUITIERI has written a short memo on scientific uncertainties, and attached a copy of 
the recent article from Science.

V. Papers in the Interagency process

A. We believe that the one-page summary from State is now a sufficient statistic for where 
the process is on developing country cofnmitments.



B. Paper by Justice on relationship between international and domestic trading - August 12 
version is still the latest - WILCOX will provide comments 9/5 (Jim Rubin; 514-9050)

C. Paper on escape clause - FRANKEL working on analytics of when we would need escape 
clause. (Would a Bill-Poole-style analysis be helpful here? The source of shocks matters.
If most uncertainty derives from aggregate demand shocks, then M>e might not need (or 
even want) an escape clause. If most uncertainty derives from shocks to technology, 
escape clauses seem very important.)

^Paper on competitiveness - (status?) Jon HA VEMAN (CEA) is writing a separate papei^!^^i 
on this topic. tHU'yL crcJds f (kajl Jq,

E. \I^per on negotiating implications of different targets and timetables (At last word, Jeffrey 
junker did not know that he and Pomerance had been tasked to write this paper. Status
/ u)\known)

F. Paper on federal undertakingsj^5mrft«?^_—

G. Paper on early credit - revised version received 9/4

H. Paper on transition assistance - on hold.

VII. Briefing for Rubin - GILLINGHAM
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Sept. 22nd, 1997

TO; ADELE MORRIS

FROM: MARK LEVINE

SUBJECT: Carbon tax effect on coal mining industry

Using data compiled by the Bureau of Economic Analysis for the period from 1969-1996, it is 
quite apparent that coal mining is an industry that has, since 1979, experienced consistent 
declines in its total number of employees (from roughly 260,000 workers in 1979 to just over 
100,000 in 1996). However, this decline in employment has been met with a modest increase in 
absolute coal production over the same time period, particularly due to the increased mining of 
subbituminous coal and lignite, thus indicating an increase in worker productivity. Per capita 
real wages, which slowed down in 1979 after considerable growth in the ten years prior, have 
only recently begun to increase.

In the event of a substantial carbon tax, it is very likely that the coal mining industry would 
suffer greatly. With more than 80% of the workforce above the age of 35', it is unlikely that any 
significant amount of displaced coal miners could be retrained for careers in other fields. The 
states that would be affected most greatly by a carbon tax are West Virginia, Kentucky, and 
Pennsylvania, which cumulatively account for 53% of all U.S. coal miners. The region that 
would be hit hardest is the Southeast, where almost 56% of all coal miners are employed.

'According to estimates from the Bureau of Labor Statistics that cover the period from 
1992-1996.



Personal Income by Major Source and Earnings in the Coal Mining Industry, 1969-1996

(SOURCE BUREAU OF ECONOMCANM.YSB)
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PETER.KARPOFF @ hq.doe.gov
04/02/98 09:29:00 AM

Record Type: Record

To: Adele C. Morris

cc:
Subject: Following Em Trdg meeting at State Dept.

Dear Adelle,
It is always a bit frustrating to me at these meetings when we open a 
topic and then move on without concluding it. I wanted to say a bit 
more about your nomination of the pure seller liability option, but I 
couldn't get speaking space at the right time. At the end of the 
meeting Jonathan kept pure seller liability on the table, saying that 
he had heard some in favor and no fatal criticsim. His motivation may 
have included the fact that some of the "big guys" have spoken 
favorably of pure seller liability and you can't go against the big 
guys. I assume that you defended the idea either because you favor 
it, or because you have not seen the group make a sufficient 
(dismissive) critique and you want to hold us to a high logical 
standard (perhaps as devil's advocate) or perhaps for other reasons.

Anyway, I think there are some imporant negatives about strict sellers 
liability that have not yet been aired. So here is my view of pure 
seller liability.

From a simple feasibility perspective I think pure seller liability is 
tough to implement. The transaction may occur in year 1, but the 
final validity of the allowance sold may not be determined until year 
5 or later. By the time the liability, if any, of the seller is known 
the sale is so distant that the proceeds may be gone and the liable 
seller may be unable or unwilling to pay. An escrow is not a perfect 
answer because the time period is so long. Escrow impounds are 
usually for fairly short period while exposures are actively resolved, 
not for long periods. Surety bonds are not the right tool in this 
case either.

Next, for true versions of pure seller liability we need to have the 
seller liable, not the alternative form in which the buyer is liable 
with access to a legal remedy against the seller. That would impose 
too much of a burden on buyers by allowing them (i.e., forcing them) 
to pursue sellers to make good on promises to buyers. Chasing a 
seller and even getting a judgment is far different from getting 
payment on that judgment. Seller liablity should mean that the Fccc 
Secretariat undertakes to collect directly from the defaulting seller 
in the event of default. Can we really imagine the FCCC Seer, going 
after defaulting Parties? Especially in light of the option that any 
Party has to quit the agreement?

In light of the long period between the sale and a potential default



>

finding, the questionable ability of the FCCC/Secr. to enforce against 
the selling Party no matter how quickly it can proceed, and the 
opportunity of any seller to simply quit rather than face an onerous 
penalty make seller liability a non-feasible choice. This door must 
be locked before the horse has escaped, not five years after. I think 
the only feasible choice is to make the sales proceeds reflect 
concurrent compliance probablities, so that sellers get about the 
right revenues from the start so as to minimize the need for 
subsequent adjustments.

I think escrow and insurance schemes are also unworkable answers for 
this case. Insurance is defeated by the moral hazard aspects of this 
problem. In the dynamic, insurance charges have to be experience 
rated. Here, experience rating will tend toward a 100 percent premium 
for the worst issuers, at any lower premium they have an incentive to 
take the money from sales and default in the polar case. An the polar 
case is what you get since performance (or non-performance) is fully 
within the control of the insured. Control by the insured over the 
insured outcome is the classic hallmark of an uninsurable event.

Likewise for escrow, apart from the earlier point about the long 
duration of the escrow, for the big defaulters, if any, an escrow of 
less than 100 percent will create an incentive to default for a 
financial gain. But any large escrow interferes with use of the 
revenues for energy efficiency investment and monitoring costs and in 
a way increases the chances of default. For the bad guys any escrow 
will be too small; for the good guys any escrow will be too large. In 
either case revenues will be denied for valid purposes.

I come back to the same conclusion, that we need some way to limit 
revenues to the expected value of allowances at the time of the 
transactions. I still like the market verdict on sale prices with 
constant market review. I don't think the FCCC SEcr. will ever get 
the authority to make discretionary judgments against the soverign 
Parties.

Peter Karpoff
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Emissions Trading; How to Apportion Liability for Compliance Failure

Compliance rules must be enforced to maintain integrity of the national emissions assigmnents. 
Trading in emission allowances involves a mix of characteristics from both commodity and bond 
market trading. Safeguardii^ the environmental values and the interests of trading participants 
requires a blend of practices from these two markets.

Trading raises the importance of enforcing compliance, since non-compliance is the route to 
financial profit and trading allows Parties to put into circulation some ^lowances that might lie 
dormant without the trading opportunity. Nevertheless, with trading the required compliance 
niles are the same ones needed for ordinary compliance. The integrity of emissions limits will be 
strengthened if Parties that fail to meet compliance requirements, especially if they are net sellers 
of allowances, can be held liable for their non-compliance.

In commodity trading, the concept is “what you see is what you get.” Once the commodity 
specification is written, conforming delivery is secured by the certain prospect of secured cash 
penalty in the absence of conforming delivery. For trade in gold, for example, performance by the 
seller requires timely delivery of specification-grade gold. The delivered commodity itself is 
sufficient evidence of its own validity. By contrast, trading in bonds, representing a promise of 
the issuer’s performance, requires continual assessment of the underlying promise to pay, in order 
to determine value and prices. Trading in emission allowances can be pushed to either model.

Emissions trading via instruments whose compliance value is guaranteed by the international 
authority is like commodity trading. So long as the guarantee is trusted, the allowances can trade 
as a commodity; what you see is what you get and a tonne is a tomie. The value of an allowance 
derives from its guaranteed compliance value. By contrast, if the authority reserves the right to 
adjust the compliance value of the allowance based on some subsequent occurance, then trading is 
more like bond trading and the value of the instrument depends on market assessment of the 
promisor’s likelihood of performance. How, and even whether, allowances will trade and be 
valued depends whether their compliance value is guaranteed or subject to adjustment for 
conditions outside the control of the holder

Seller vs. Buyer liability for non-compliance;

Pure seller liability; A seller would unconditionally guarantee attainment of its adjusted emissions 
target in support of any allowance sale. This is a commodity market model, but unlike most 
commodity trades, compliance may not be determined until long after allowance sales; the power 
to compel subsequent cure of a compliance deficiency, or to exact indemnity from a sovereign 
Party that is unwilling or unable to cooperate, is lacking. Seller liability may be impossible to 
enforce.

Modified seller liability; All sellers would agree, in advance, to escrow a share of allowance sale 
revenues or provide 3rd party performance bonds for their end-of-period emission compliance 
obligations. This plan has the disadvantage that some net sellers will be counting on their
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allowance sales proceeds to cover monitoring costs and the cost of investments to further improve 
energy efficiency and emission performance. Performance bonds may be costly for the Parties 
that need them most. Insurance is not viable because the insured event is too much subject to the 
control of the insured Party and the Party may, in the short-run, gain more from default than from 
compliance The insurance cost will be unfairly high for those who comply and too low for those 
who default. The issue is akin to the 1980 S&L problem. The problem is summarized by the 
economic term “moral hazard” and creates incentives for a downward spiral toward progressive 
non-compliance and the parallel withdrawal of all insurers.

Pure buyer liability; Under tliis option, buyers of allowances can use (tender) them for emissions 
compliance (i.e., receive the anticipated value) only to the extent that sellers retrospectively, meet 
their emission commitments. This is a bond market model. The determination of compliance 
value is made long after some sales occur. Unless buyers can get effective guarantees of 
performance from the originator of purchased allowances or reliable assessments of risk, the 
buyer holds a very uncenain instrument. This risk, even in small doses, is unattractive to buyers 
and even less attr active to traders. Buyer liability for sellers’ future emissions perfonnance would 
likely be fatal to emissions trading, where, unlike the case of “ftill faith and credit” guarantees, 
secure guarantees of performance across national boundaries are unlikely.

Modified buyer liability: If the FCCC Secretariat held the power to deny compliance tender value 
to allowances not supported by emissions compliance of the first issuer (a bond market model), 
the direct compliance burden would tall on buyers, but an informed market could achieve 
substantial shifting of the compliance burden to sellers. For example, allowance trading could be 
conducted according to these rules:
• Traded allowances are identified as to original nationality and serially identified by date of

their first recorded trade. For untraded allowances, the date of submission to the FCCC 
Secretariat for compliance determines the serial priority, '

• In the event of a Party’s non-compliance, some ^lowances originating from that Party 
would be invalidated, starting from the latest dated allowances and proceeding backward, 
until the remaining quantity matched the Party’s compliance acliievements (i.e., domestic’ 
emssions do not exceed retained allowances, and exchanged allowances do not exceed 
avoided emissions),

• Annual reports would reveal each Party’s compliance progress (emissions) and AEU sales 
rate, thus permitting the market to assess how many allowances from each Party are likely 
to be valid, and a quality-adjusted price for each point in the serial sequence,

• Market prices for allowances would reflect expected probabilities of validity. Private 
tools, such as rating services, compliance consultants, derivative contracts, and portfolio 
syndications would arise to permit risk management strategies.

• Market information, both public and private, would permit shifting of risk exposure back 
to sellers through the market prices that informed buyers would offer for allowances of 
varying probable value. In the end, each allowance would be good or bad; all good 
allowances would have the same compliance value. Market information would permit a 
gradual sharpening, over the course of the budget period, of the price differential between 
expected good and bad allowances aiound the expected validity cut-point for each Party.
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Direct imposition of compliance burdens on buyers, but with substantial infomiation given to 
sellers, can create a hybrid system of liability that shifts a significant share of the compliance 
burden to sellers and creates a significant market incentive for seller compliance, even when the 
direct compliance process is administered on buyer/holders of allowances.

Private steps in the trading process following emission assignment under the FCCC with modified 
buyer liability itiles;
• Parties may, at their option, assign some allowances to sub-national entities.
• Holders may offer to sell allowances, to be identified by nationality and serially numbered 

in ascending order.
• Buyers offer prices, based on assessment of end-of-period compliance of seller. Highest 

prices will be offered for first issuances, which are the first to be honored within each 
nationality class. Later issuances carry greater risk of non-compliance bumping and will 
generally command lower prices.

• Rating agencies could offer assessments of the likely validity cui-oft' point for each issuer.
• Prices of allowances traded would reflect market consensus of future validity with 

continual adjustment of perceptions as compliance expectations change.
• Parties that show credible compliance reports will get higher prices for larger proportions 

of their sales offerings. Poor reports will limit the opportunity to sell allowances except at 
very low prices and for limited quantities. Speculators might enter to buy cheap 
allowances to rehabilitate them prior to the compliance date.

• At the end of the compliance period, FCCC Secretariat announces which allowances are 
valid. Nations make compliance tender of valid units and added compliance, as needed, to 
complete compliance.

• Supplemental compliance methods, like boiTowing fi'om the second budget or an agreed 
“excess emissions fee” will be needed to permit national compliance in the event that 
insufficient valid allowances remain to permit first period compliance.

Official steps in the trading process under modified buyer liability rules:
• Emissions amounts assigned to Parties,
• Compliance authority agrees to permit allowance trading,
• Following any sale, the recording agent accepts joint order to record transfers;
• The recorder notes the nationality and places a serial number on newly-recorded 

allowances, and maintains the existing identifiers for previously traded allowances.
• At the end of the budget period, FCCC Secretariat announces which allowances are valid 

lor compliance, based on the compliance showing of each issuer that traded.
• Parties supplement surviving allowances, if necessary, to complete compliance by 

borrowing, open market purchases, or pre-specified default payments.

Prelim. Draft; 3-28-98, for comment only 
Peter Karpoff
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Emissions Trading; How to Apportion Liability for Compliance Failure Y-0'{ f ^ ^ ^

Compliance rules murt be enforced to maintain integrity of the national emissions assignments
® characteristics from both commodity and bond 

market traing^ Safeguarding the environmental values and the interests of trading participants 
requires a blend of practices from these two markets.

Trading rais« the in^nanceofra&rdngcompUance, since non-compBanceU the rouie to , ,
nnanaaJ profit and trading allows Parties to put into circulation some allowances that might lie ^ 
dorniant wthout the trading opporturaty. Nevertheless, with trading the required compKance 
^es are the ones needed for ordinary compliance. The integrity of emissions limits wiU be 
strengthened if Parties that &il to meet compliance requirements, especiaUy if they are net sellers 
of allowances, can be held liable for their non-compliance.

In commodity trading, the concept is “what you see is what you get.” Once the commodity 
specification is written, conforming delivery is secured by the certain prospect of secured cash 
pe^ m the absence of conforming delivery. For trade in gold, for example, performance by the 
sel^r requires timely delivery of spedfication-grade gold. The delivered commodity hself is 
si^cient evidence of its own validity. By contrast, trading in bonds, representing a promise of 
the issuer’s performance, requires continual assessment of the imderiying promise to pay, in order 
to determine value and prices. Trading in emission allowances can be pushed to either model.

Enussions trading via instruments whose compliance value is guaranteed by the international 
authority is like commodity trading. So long as the guaramec is trusted, the allowances can trade 
as a commodity; what you see is what you get and a tonne is a tonne. The value of an aUowance 
dOTves from its guarameed compliance value. By contrast, if the authority reserves the right to 
adjust Ae compliance value of the allowance based on some subsequent occurance, then trading is 
more like bond trading and the value of the instrument depends on market assessment of the 
promisor’s likelihood of performance. How. and even whether, allowances will trade and be 
valued depends whether their compliance value is guaranteed or subject to adjustment for 
conditions outside the control of the holder

\c-Seller V9. Buyer liability for non-compUanec ^'J

?ur.e.$eller liability: A seller would unconditionally guarantee attainment^f its adjusted emissions ; r\ 
target m support ofany aUowance sale. This is a commodity market model, but unlike most /
commodity trades, compUance may not be determined untU long after aUowance sales; the power/ ^ ..
to compel subsei^ent cure of a compliance deficiency, or to exact indemnity from a sovereign \ ^

or unableio cooperate, is lacking. SeUerUabUity may be impossible-to 1 ^

hdodified seUerjiabihty: AU sdlCTSjwould_a^^ in advance, to escrow a share of aUowance sale 
revenues or provide 3rd partyferformance^mis for their end-of-period emission compliance 
obUgations. This planfiarffi^di^vantag^t some net seUers wiU be counting on their
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Direct imposition of compHance burdens on buyers, but with substantial information given to 
sellers, can aeate a hybrid system of liability that shifts a significant share of the compliance 
burden to sellers and creates a si^cant market incentive for seller compliance, even when the 
direct compliance process is administered on buyer/holders of allowances.

Pnvate steps in_the.trading proc^ following emission assignment under the FCCC with modified 
buyer liability rules:

Parties may, at their option, assign some allowances to sub-national entities.
Holders may offer to sell allowances, to be identified by nationality and serially numbered 
in ascending order.
Buyers offtf prices, based on assessment of end-of-peiiod compliance of seller. Highest 
prices will be offered for first issuances, which are the first to be honored within each 
nationality class. Later issuances cany greater risk of non-compliance bumping and will 
generally command lower prices.

• Rating agencies could offer assessments of the Ukely validity cut-off point for each issuer.
• Pric« of allowances traded would reflect market consensus of future validity with 

continual adjustment of perceptions as compliance expectations change.
• Parties that show credible compliance reports will get higher prices for larger proportions 

of their sales offerings. Poor reports will limit the opportunity to sell allowances except at
^ low prices^ quantities. Speculators might enter to buy cheap

'■ -^lowances fo rehabilitated^prior to the compliance date.
At the end o'ftiie con^pEiHce period, FCCC Secretariat announces which allowances are 
valid. Nations make compliance tender of valid units and added compliance, as needed to 
complete conqiliance.

^ Supplement compliance methods, like borrowing from the second budget or an agreed 
__ 1 excess emissions fee” will be needed to permit national compliance in the event that

^ “Sufficient valid allowances remain to permit first period conqjliancc.
t •
Official steps in

Emissions amounts assigned to Parties,
Compliance authority agrees to permit allowance trading.
Following any sale, the recording agent accepts joint order to record transfers;
The recorder notes the nationahty and places a serial number on newly-recorded 
allowances, and maintains the existing identifiers for previously traded allowances.
At the end of the budget period. FCCC Secretariat announces which allowances are valid 
for compliance, based on the compliance showing of each issuer that traded.
Parties supplement surviving allowances, if necessary, to complete compliance by 
borrowing, open market purchases, or pre-specified default payments.

Prelim. Draft; 3-28-98, for comment only 
Peter Karpoff
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Annex I Expert Group on the UNFCCC 

Emissions trading paper: draft 1 Aprii 1998

Objectives

At the March 1998 Annex I Expert Group meeting, “The Group agreed that for 1998 the first 
priority will be a product that will reflect delegates’ views on principles, modalities, rules, 
and guidelines for emissions trading, with a focus on verification, reporting, and 
accountability. The objective of the product will be to underpin Annex I Parties’ input to the 
UNFCCC meetings in June and November 1998. Where there is agreement in the Group on 
any issue, the paper will note the agreed view. For any issues where there is a range of
views, the paper will note the different views.... ’’ (meeting report). The objectives of this
draft paper are:

i. to reflect views of Annex I Parties on principles, modalities, rules, and guidelines for 
emissions trading.

ii. to underpin Annex I Parties’ input to the June and November UNFCCC meetings.

Approach

The paper aims to reflect Annex 1 Party views. It is concise, and is not analytical in nature. 
For this first draft paper, the secretariat has drawn on views expressed during the March 10 
and 11 meeting, ideas from earlier work, and comments received on the outline that was 
presented at that meeting. This document will be revised in line with comments received by 
10 April for discussion at the May 12 and 13 meeting in London.

Process

Delegates are encouraged to post their comments and any papers or views they wish to 
contribute on the Annex I Expert Group password protected web site. Altemafivery, please 
send your comments and papers in an electronic file to Fiona Mullins for inclusion on the 
web site. This web site provides an electronic discussion group that will greatly facilitate 
exchange of views. All delegates will be able to read (and respond to) the comments of other 
delegates as soon as they are posted.

The timing of draft papers and deadhnes for comments and meeting schedule are as follows:

March 19 comments on the structure and the type of issues that should be covered in the new 
“principles, modalities, mles, and guidelines” emissions trading paper

March 31 first draft emissions trading paper
April 10 substantive comments on this draft paper, reflecting views on the issues

May 4 second draft emissions trading paper for discussion at the May meeting
May 12 & 13 Annex I Expert Group meeting in London to discuss next steps on emissions trading,

including possible products for the June and November UNFCCC meetings.
Sept 10 & 11 Annex I Expert Group meeting in Paris to discuss products for COP4 and beyond.
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Principles, Modalities, Rules and Guidelines for Emissions Trading 

(in particular for verification, reporting, and accountability)

PRINCIPLES

Consistency with Protocol and UNFCCC provisions

1. Emissions trading should be fully consistent with and supportive of all provisions of the 
Kyoto Protocol.

2. Emissions trading should accord fully with UNFCCC principles.
Note: the UNFCCC principles are referred to in the Kyoto Protocol preamble “Being guided by 
Article 3 of the Convention The main points of these principles are noted below for information:

3.1 ...protect the climate on the basis of equity ....common but differentiated responsibilities and 
respective capabilities.

3.2 ... needs and special circumstances of developing country Parties...

3.3 .... take precautionary measures......... policies and measures should be cost-effective so as to
ensure global benefits at the lowest possible cost. ... should take into account different socio­
economic contexts, coverall relevant sources, sinks...

3.4 .... policies ... should be appropriate for specific conditions of each Party

3.5 .... promote a supportive and open international economic system... measures should not 
constitute a ... disguised restriction on international trade

Environmental effectiveness

3. Emissions trading should not compromise the environmental objectives agreed to under 
the Kyoto Protocol. Any transfers or acquisitions should be verifiable, and emission estimates 
should be of good quality so that all Parties have confidence in the system.

Economic efficiency

4. Emissions trading should facilitate economic efficiency in the achievement of the Kyoto 
Protocol targets, and should have clear and simple rules, and low set up, administration, and 
transaction costs.

Equity

5. Implementation of emissions trading should not create any additional inequities, or give an 
unfair advantage to any one Party or group of Parties.

6. The market for transfers and acquisitions should be open, transparent, and competitive.
{this principle relates to both equity and economic efficiency).
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MODALITIES, RULES AND GUIDELINES 

Eligibility criteria:

1. Annex I Parties with commitments listed in Annex B of the Protocol that comply with 
Articles 5 and 7 and meet the further requirements [reference relevant paras e.g. paras 7, 8, 
and 12 below], and authorised legal entities in those Parties, shall be eligible to transfer or 
acquire parts of assigned amounts.

Public listing of participants:

2. Parties and legal entities that are eligible to trade must be listed on a public bulletin board. 

Market institutions for an open, competitive and transparent market:

3. Transfers and acquisitions shall be carried out at an official international auction held 
periodically.

4. Parties shall notify the UNFCCC prior to any transfer, and the UNFCCC secretariat shall 
make information on the quantity and price of the transaction available to all Parties that are 
eligible to trade.

5. Transfers and acquisitions may be carried out through any brokers, exchanges, or auctions 
that are established to facilitate transfers.

Unit of transfer:

6. The international unit of trade shall be metric tons of CO2 equivalent calculated using the 
global warming potential value defined by decision 2/CP3, or as subsequently revised in 
accordance with Article 5.3.

Estimating emissions: >

7. Use of the IPCC guideline methods for estimating emissions and removals (as required by 
Article 5.2 and decision 2/CP3) shall be clarified for Parties that wish to transfer or acquire 
parts of assigned amounts according to adjustments to the guidelines that may be agreed by a 
COP/MOP to make data collection and estimation methods more comparable.

8. Parties that wish to transfer or acquire parts of assigned amounts shall agree to use 
consistent and transparent emission estimation methods, including data collection, {note: this 
could be an eligibility requirement)

9. Parties that wish to authorise legal entities*to transfer or acquire parts of assigned amounts 
shall agree to meet enhanced requirements for monitoring the emissions of legal entities, {note: 
this could be an eligibility requirement)
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Accounting for units transferred:

10. Accounting of tons of CO2 equivalent transferred shall be consistent with any accounting 
and reporting requirements or guidelines that are elaborated under Article 7 of the Protocol.

National recording:

11. Governments shall record all transfers or acquisitions of CO2 equivalent units that are 
carried out by government and by legal entities.

12. Information on emission reductions transferred by firms and projects shall be recorded by 
national governments at least annually.

13. Parties that wish to authorise their legal entities to transfer or acquire parts of assigned 
amounts shall have in place effective national systems for monitoring and enforcing legal 
entities’ emission limits and tracking their transfers and acquisitions, {note: this could be an 
eligibility requirement)

Reporting transfers and acquisitions:

14. Information on quantity of CO2 equivalent units transferred or acquired, including the 
country to which units were transferred to or from which units were acquired from, shall be 
submitted to the UNFCCC secretariat for each year, consistent with the frequency of reporting 
determined in accordance with Article 7.

International recording:

15. The UNFCCC secretariat shall record all transfers and acquisitions, and publish, on an 
annual basis, a tabulation of all transfers and acquisitions made in the previous year and the 
adjustments to assigned amounts required under Articles 3.10 and 3.11.

International review:

16. Parties that wish to transfer or acquire parts of assigned amounts shall be subject to 
enhanced review, additional to that required under Article 8 of the Protocol, of national 
emission inventories, projections, monitoring systems.

Trading of assigned amounts of the sbt GHG and sinks:

17. Any part of an assigned amount can be traded, including the sink categories that may be 
used to meet commitments under Article 3.

New entrants:

18. New entrants shall be subject to the same eligibility conditions as Parties already in the 
trading system.

Non-compliance:

19. Parties are responsible for national non-compliance with their assigned amounts at the 
end of the commitment period (even if sub-national entities make transfers).
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20. Annex I Parties that do not comply with rules and guidelines for emissions trading shall 
be subject to the non-compliance provisions agreed under Article 18.

21. Pcu-ties that wish to trade shall be subject to interim review of their progress towards 
compliance during commitment periods.

22. A Party whose emissions are in excess of its emissions budget in any commitment period 
may acquire, but not transfer, any part of its assigned amount.

23. If a question of possible non-compliance by an Annex I Party, or failure to implement the 
requirements of Articles 5 or 7, is identified in accordance with the provisions of Article 8, or 
if Parties fail to comply with any principles, modalities, rules, and guidelines for emissions 
trading, transfers and acquisitions may continue to be made after the question has been 
identified, provided that any such acquisitions may not be used by a Party to meet its 
commitments under Article 3 until any issue of compliance is resolved.

Supplemental to domestic action:

24. Parties shall not make acquisitions equivalent to more than x% of their assigned amount, 
including acquisitions made by authorised legal entities.

25. The supplementarity of trading shall be the subject of in-depth review with periodic 
assessment by a COP/MOP.

26. Parties shall not transfer, under Articles 6 and 17, any more than y% of their assigned 
amount, including transfers made by authorised legal entities.

Changes (i.e. participants, trading rules etc.):

27. Changes in the Parties that are eligible to trade, and changes in trading principles, 
modalities, rules, and guidelines shall apply in subsequent commitment periods or at least x 
years after the change is agreed.
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Comment Draft
The middle, bulleted text is my view of the minimum provisions for trading. Comments invited.

Pre-requisites taken from the basic system of Targets and Underlying Compliance

Party acceptance of targets (assignments) and compliance obligations,
Definition and creation of allowances.
Procedures for reporting and monitoring national emissions.
Establishment of a compliance system.

Minimum compliance system: Harsh glare of public scrutiny on non-compliance at end of 
budget periods (or additionally at any interim checkpoints, or for anticipated defaults).

Minimum additional requirement to establish a trading system

AEUs transferable among holders
AEUs of any national origin acceptable in international compliance 
Establish a recording system for international trades
Impose responsible control over the supply of new AEUs and fungible substitutes (CDM) 
Establish credible sanctions for instances of compliance failure (may be no more than the 
spotlight of public opinion as noted above).

The Follow-on Role for the Market (if not pre-empted by exclusive government action):

Establish a place (or virtual place) for trading to occur,
Establish allowance prices, given the definition of allowance attributes.
Establish broker communities to permit secure trading between private entities.
Establish low-cost practices for recording temporary and/or unofficial trades.
Devise derivative trading instruments (contracts) for futures and options trading.
Provide private information about price-influencing aspects of various national allowances. 
Provide diversified portfolios and portfolio insurance to permit risk management.

Comment draft
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Emissions Trading Attachment

Article 17 on Emissions Trading:

What are the significant features?

o The penultimate draft said parties had the right 
to trade "once" rules were adopted; the final 
provision has a free-standing sentence containing 
the right to trade.

o While some countries had sought to put a
percentage limit on the amount of a country's 
target that could be met through trading, the 
final provision says only that trading must be 
"supplemental" to domestic action (without giving 
the Parties the authority to quantify this term).

o Unlike other provisions, the Article refers to 
"Annex B" rather than "Annex I" Parties. This 
would allow developing countries, through an 
amendment to Annex B, to participate in emissions 
trading.

o Unlike other provisions, the body charged with 
developing the rules is the COP rather than the 
COP/MOP; this could allow earlier establishment 
of the rules.

What is missing that was in earlier drafts?

o In order to engage in emissions trading, a Party 
has to be in compliance with its measurement and 
reporting obligations (now Articles 5 and 7), as 
well as have in place a national mechanism for 
the certification and verification of emissions 
trades. - -

A Party may authorize intermediaries (which would 
have been understood to include the private 
sector) to participate in actions leading to the 
transfer or acquisition of tons. [Note: Even
without such an explicit rule, we would interpret 
the Protocol not to preclude private sector 
participation.]

With respect to any trading in which they engage. 
Parties were to submit annually to the 
Secretariat information regarding the quantity. 
Party of origin or destination, and the relevant 
budget period.



-2-

Emission levels achieved before the start of the 
first commitment period (so-called "superheated 
air") could not be used as the basis for 
emissions trading; such a provision is arguably 
no longer necessary in light of Article 3.10 and 
3.11, which refers to transfers and acquisitions 
of "assigned amounts."

A Party whose emissions were in excess of its 
allowed amount in any budget period could have 
acquired, but not transferred, tons.

When a question was raised regarding a Party's 
compliance with its reporting/measurement 
obligations, transfers could continue to be made, 
but transferred tons could only be used to meet 
targets after the compliance issue had been 
resolved.
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THE SIMPLE STEPS OF AN EMISSION TRADE:
Buyer and seller, having met the preconditions (budgets, 
monitoring, reporting), find themselves with compliance 
obligations that do not match their emission unit balances.

Willing buyer and seller agree on a price and delivery date.

Buyer checks that originator of the offered allowances (either 
seller or prior seller) was not on the public FCCC non-compliance 
list at the time the offered allowances were first sold.

(If first seller is/was on the |bad hoy^ list, buyer may 
still buy, but with notice that allowance acquired will not be 
accepted for FCCC compliance until the seller's compliance 
deficiency is cured. Impaired allowances may be cheap and may be 
a good value, depending what you know about the source and its 
prospects for compliance.)
Seller determines that its anticipated emissions unit needs 
permit it to sell.
Buyer pays the seller and seller delivers the allowances in a 
simultaneous transaction or through an escrow arrangement.

^ Buyer may be a government in a G to G trade. Buyer may be a 
private firm buying from a government seller, buyer may be a 
firm buying frim a firm, or buyer may be a government buying 
from a private firm. In each case the required safeguards 
and authentications may vary.

As money and allowances change hands, the FCCC records the 
transfer, debiting the seller's account and crediting the buyer.

^ These same allowances could trade further before their use 
in emissions compliance. Interim trades may or may not be 
officially recorded, but the last ownership change before 
compliance use should be recorded.

At the end of the agreed compliance period, buyer/owner of the 
allowance makes tender of allowances for its actual emissions. If 
the direct owner of the traded allowance is a Party, the 
allowance from trade may be submitted directly to the FCCC as 
part ofinternational compliance. If the owner is a firm, it makes 
a compliance tender to its national government(a Party). The 
Party then can use that same allowance that it collected in its 
national compliance process in tender to the FCCC as part of the 
international compliance process.

As one of the enabling rules for trading, the international 
compliance process must explicitly state that all valid 
allowances are equal when tendered for compliance, regardless of 
their national origin.
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poHutlon dmlMions by 90 p»rc«nt. technological advances hove bean made 
peesibla through the effort* of the Pprtnerehip for a Now Oonoratiuii uf Vefilclue 
between the Administration and the U.S. auto componies end their suppliers.

Such progress may be repliootod In other eactora. VCRs and TVs, even 
whsn ofh consume about 91 binion worth of electricity annually. EPA has 
BStabliehed a partnership with major manufacturera that hae ■ goal of achieving a 
70% reduotlon In energy use, without eaorificing product quality, uaefulnaaB, or 
tnernaainQ^eeata^ TliiB parfnaieViip of fare promloe of eubatanttai Improvomanta In 
energy efficiency.

Atpn-OUmatB

A final factor that should be Included in any enmprehAnaiva a*see«mant 
of the eoonomlo implicsilons qf tha Kyoto protocol are the beneflte of the 
agraament. The titareture has amphaalcod that any rolMlva price ahiftt that prove 
neoeeeery to raduoe emissions should produce non-oflmote benefits In three areas: 
air pollulion unrelated lu vllmaia change, vaTflc congestion, ar)d highway accidents.
Tbaaa beneflte are hard to quantify precisely but era potantiaDy algnificenUeM^* 
reugh- aaslmatea euggeaf that these fhaae bonoflte eeuld aWeet f 6 26%-bf any 
fateuree eoeff the hllmara nhanga nnliry. .V-

Synthtntk
/'cxu/^5 OiS o’f

A comprahanaivia ovulu^ii of tha eoonomlc Impact of the Kyoto Protocol ^ 
must integrate all of the factors described above; reJianoe on flexible msrkei-bsied ^ 
mechanisms dcmestibally; Intcrnstlonal trsdirtg end Joint ImplaiTientatiDn among 
Annex I countries; the ^esn Development Mechanism; maaningful daveloplng‘ / ‘
country particlpadon; the potential oost>mltigetlng role of inotuding six gaees and / 
carbon ainka; tha beneffts of atsciricfty raatructurlng; and emisalorts roduotions 
aohifved as a coneoquence of othar proposed Admlidetretion climate change 

* initlatlvoe. Aasuming that affDatlva me^taniama tor tmamatlDnal trading. Joint 
Implamantation and the Clean Davalopmam Mechanlem era established, and 
BsauminQ also that the U.8. achieves msanirtgful developing country participation, 
our overall saaessmant.ls that the economic cost to the Urilcsd Stataa fn aggregata 
and to typical housshcldi of attaining the targets and timetables epeoitiad in tha 
Kyoto ProtoQOf, will ha modast.

This oonoluaion that the impaot will ba modest Is not amirely dependent 
upon, but Is fully consistent whh, formal modal results; I have previously 
emi^ieelzed the nmitaiions of relying en any single model In asseselno the economio 
Impact of tha Kyoto Protocol, and conilnuo to view any such raaulte as Just ona 
Input Into an ovemll anaiyels. But it Is worth emphasizing that model results 
refleotInB the details of the Kyoto Protocol ara conalstsnt with our conoluaion. For
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EPA commanls on Janet Yeiian'a draft testimony 
March 2,1998
The testimony Is generally excellent. Here are several specific comments and proposed chengee. 
Most have these have been reviewed already with Randy Lutter, who found them acceptable.
(We were Intemipted in discussing the last point, and need to talk again about that one.)

P 1B: In the paragraph on restructuring, change the fourth sentence to read: ‘In ackfition, stronger 
Inoontivoe for Improved gonoration offldono^ Jn oonjundion provlelw^s^e^Mi^ww-gy

provisions, wiU could schiove modest reducllons in amission*.'
' The change from “vrlir to 'could' is needed to reflect the uncertainly regarding the 

I einiMiuiis uoiwequencwi of letall leglslallori - NEC und CEQ piojecl a small (1-3%)
r\\/^ decline (relative to approximately 40% baseline growth 1090-2010), and else
^ acknowledge substantial uncenelnty and that actual emissions could increase.

• The phrase 'appropriate market based provisions' was used In the October 22 fact sheet 
on rMtaicturino to accompany the Presldenrs climate speech in order to bndge the gap 
between the DOE and EPA views on whether the ranewablas portfolio, ate. waa sufficient 
to address emissions, or whether market based emissions provlalone are needed as well.

/, P. 17: In the first paragreph on sinks, change the second to last sentence to read: “Very

language and are not yet In a position to Imply a "nearlv 10%' bonus from sinks. The 
addition qualifies the point. ^

yl P. 1B: There ie^poj the first full para: '26 percantage points’ should reed '0.25 percentage 
M '^points.' or “onfeTjwlfwr of one pereenf. More Important, the current formulation does not track 

' . the Interagency agreement reached last week on language going something like this:

■For example, results based on SOM and other model simulations with different assumed 
rates of AEEI suggest that permit prices ceuld be reduced by as much a* 40 parcant for 
each quarter percent by which the AEEI cen be successfully Increesed.'

in addittorTwesJ^gest iwitohing the order of the first and second full paragraphs on that paga, 
and moving the first sentence of the laal paragraph forward, as foOows;

“Our Juetlflcatlon for inoorporstlng ... In this Instant, we prudently-and have 

delaye beiween Inveetments,

eaeens, howevssQlutions to the ahallei^e ef climate ehangsi—^The President's FY1999 budget ...Fw 
iple, pwMiehed reeulte based en BCM medel eimulatinns “"*■
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SOM and other model simulations with dlffirent aesumad rates of AEEI suggest that 
permit prices could be reduced by as much as 40 percent for each quarter percent by 
which the AEEI can be successfully increased,

There are many other-feasenfrfer faith in the ability of Amerioan Ingeowlty to 
offer sctuWons to the challenge of otimatechange.— Moreover, at the recent automobile 
show ,„

P.19; In the first full ptra;

*Such progress moH>» is being replicated In other sectors. To give but one recent 
example, VCRs and TVs

I P.20: Last pira; Pleaaa try to find another term besides ‘fraught wHh uncertainty.* 'Traughr ia 
Xw generally a psrjorative. How about; *As highlighted eariler, there are substantial, but unavoidable 

unoertainties surrounding estimates like thess.*

You may want to include hAm soma words emphaolsing onoe again that Iheie really Is no 
rasponeible alternative to acting under unceitainty, given the long-term nature of this problem, 
and tha fact that oraster certainty osnnet bo had in tims to be useful.

To discuss these comments, pleasrcall David Doniger, 2B0-2665.
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prom:f;tter, e. P. 9/24 

________

ontrov price*, which we will ehortly oddreea. (n ganarel it is difficult to undergo a 
atructural change In the economy without hauing the effect of expending aome 
aeetore and contracting othera. But to provide aome parapootlve on thia leaue. 
consider the following facta. FIrat, on evarege, energy conatitutea only 2.2 percent 
of total coata to U.S. Induatry. Second, energy prices already vary significantly 
across countries. According to the 7997 Statistical Abstract, for example, in 1996 
premium gasoline cost $1.26 par gallon In the United States - but only e conte per 
gollon in Venezuela. Similarly, gas prices were $3.71 per gallon in Switzerland end 
$4.41 per gallon In France. Elaetricity prlcaa also vary eignlfloantly: In the U.S. 
they wore 5 cents per kilowatt hour, a frection of prices In Switzerland of 13 cents 
per kilowatt hour. Yet U.8. Industry le net moving on masea to Venezuela, nor is 
Swiss induatry moving to the United States. Third, roughly two-thlrde of all ^___

m a ^ ----^ ^ .^1  ^ .11 a   I. . _ • ■ * ..

Swisa industry moving to the United States. Third, roughly two-thlrde of all __
emissions are not In manufacturing at all, but In transportation and bulldlngs^^e \ 
therefore believe we need developing country partlclpetlon because the problam is j 

/global and cost-effective solutions are essential, than to avoid adverse effects on /
I .mnpotitiv.™.., 'uMihiet ^

FiojeibilitY onp! Mechanisms

A global solution Is thus critical to tha global problem of climate change. 
Globalizing tha eolution Is not. However, enough by Itself. Wa must alao ensure 
that our efforts to reduce global greenhouse gas emissions reductions in the moat 
efficient manner poeeibla. Tf«* nature of the climate change problem suggeate three 
basic methods to lower costs of achieving given levels of environmental protection. 
They can be characterized In terms of three categories of flexibility: (1) "when" 
flexibility; (2) "what" flexibility: end (3) “where* flaxiblllty, which may be the most 
Important of all. Such methods have long been championed by economists 
IntSreeted in increasing the efficiency of protection. Indeed, 2,600 aconomlets 
from academia. Industry, and government ellka urged such approachec In a letter 
they eigned last year advocating octloh oh Climate change:

"Economic studies have found that there are many potential policiaa to 
reduce greenhouao gee emieeions for which the total benafits outweigh 
the total costa...The most efriclept approach to slowing cllmsts change Is 
through market-based policies."

1. “When flexibility* (timing!

First is "when flexibility* or timing. Since climate change is e long-term 
problem, tho oxact timing of emissions reductions is. within some renge, not of 
primery Importence. Thus the freadom to delay or acceleretA raductlons within on 
egrsed upon time frame - while sneuring credibility of emissions reductions - 
lowers costs.

Ab a result of U.B, leadership, the Kyoto Protocol incorporetee this

mt* t% n e.rA WJ aA*e>T tTrttf
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gre»nhou»e by a graater parcent than reductlona of C02 could reduce prices 
by •« much ae 10 poroant. Thua allowing ccuntfle* tiejdblllty in what gaeas they 
reduce - eeaentialiv trading amisslona reductions across gases — can help lower 
significantly the costa of maetlng their targets.

The aecond source of *'what flexibility* is the treatment of einke, i.e>, land 
USB artlwltlae that promoTo the removal of carbon from the atmoaphere through the 
growth of planta. At the urging of the U.S. delegation, sinks can be used to offset 
amlsstona targets. Promoting ouch sinks through afforestation and reforestation 
may reduce etmoapheric ooncentratlone of C02 et much lower costs then roduetng 
emlsBions of greenhouse gases.

3. ‘'Where flaxibillty* (international)

The third typo of flexibility, end perhaps the moat important, ia "where 
flexibility* (International). Aa 1 have already emphasized, emissions have the same 
environmental coneoquonces regardteee of whore In tho vrorlU they occur.
Therefore, the leaBt-eost approach to controlling climate change is to reduce 
emieolena wherever such reductions are cheapest. The Kyoto Protocol, because of 
U.S. Inelstenoa and porslitence,Jncludea throe Important cost-sovlng provieione of 
this nature.

First, It providea tor countries that taka on binding targets, et present the 
Induetrlel countries, to trede right* to emit greenhouse gases with each 

This market In emissions permit* could anaura that amiaelona
^ j reductions occur where they are least expansive within the Industrial__

*4^ cauntrlee. In oerticular. U.8. sawaaolan rould purcheeo omiaalone

t-*

iMI'^'T^.^^’roductions In other participating oountrlas when doing ao would reduoa 

^belr coats - thus lowering costs without effeotlng the leva) of 
environmental protection.

M Second, the agreement provides for joint Implemontatlon by Annex 1
p'fiM" oountriee. Thus If some Induotrlel countries do not dovolop programs to 

trade permits Intematlenally, U.B. firms could nonstheiais Implement 
projects in these countries for vdileh they could receive amlsalona 
reductions cnsdlu In the U.S.

• Third, the agreement allows Industrial countries to invest In "clean
development" projects In ths developing world end use these projects' 
certified emlaslens reductions towe/d moatlr3a.thelr targets,, _Many auPb„ 
clean development piojects may be quite cheap In terms of the cost per 
ton of emisaioni avoided, as haa been illustrated by the Joint 
Implementation pilot program that is already In place In the U.S.

(utRC »TC ZOZ YVJ Ot:n KOK 88/30/C0
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Uniicd Sutes Department of State
BurfM of Oetans ami Imifrmathmal 
Bvvirmmntal ami Scientific Affairs

Washington, D.C. 20^20

_______M«Qb2. im

TO;

FROM:

SUBJECT: LRM EHF 3S5 -- Commeott on Dra£k CEA CHmatn ta»tfmeny

Ovnrall. the draft tastimony provides a usoftil fiotnmaiy of our ecooomlc undentading 
of the cosU of tbo climate agraemeot tt also appropriately provides oovcats on wbat wc do and 
do not know. However, the tostiniony as drafted ovcremphasl*es the issue of devebplng 
countriei and the umbreUa - and in neither case ftilly reflects euneia poUcy on these Items.
While comments ate provided to ooirect orrora in the draft, these two items ere of the
greatest importance and must bo fixed prior to submitting the testimony. Thus, commenls on 
pages 16,17,19 and 20 an entice).

Speeiflo Comments

Page 2. Top paragraph: It is not Just “commerce” that will be affected, but also quality of life,
and in some cases life itseH-«4t , deaths from spread of disease, and from damage to human
Inftastructure are not only comxnercial issues. In addition, the end of the paragraph suggests that 

^ the only iccua is lack of incentives f»r unilateral astleo - while oinittiiifi the fcrt that uniloterol 
action Is Inadequate for solving the problem. Propose a rewrite to the last sentence to read: “The 
ftindamonttl logic of the Kyoto Prowcol is ih« without suclt an totematlonal egreem^ we 
cannot wive the global problem: Individual nations cannot individually reduce emissions 
suffloicntly to constrain global eoneentrations, and absent a global aooori^ will not have the 
incentives to address this ftnoL”

Page 2. Citeiaiie impact. Should add a short senteoceaftcrihe second ssntenc# to read: "Few 
^ modeltorsmqpeotthalwcwiUbeablato wnstrain global conceatiitions to only twice pre-

InduiiriaJ leveU - and thewftee, increases in both temperature and see level are IBcely to exceed 
amounis suggested hero." ^

fage 3. Eeenerolc and Monetary damages; second paragraph. Need a clte/afflliation for Cline

^ Page 4, first fliU pattgtapb. last sentence. The possibility of non-linear events Is not know; to ^
say they are anell presumes knowledge. Jlelctewordst ’Wll aadunknown’' from ssatence.

Pm« i. Need fbr Olobel Action, first paragraph. Second sentcnca, add words "can oT before 
a/? “hea on incentive..." Also, •» ** beginning of die fourth oMtenee, Insert now text to roed: “Few 

other countries are likely to act unless the US acts, and conversely, even if
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SuJinri CoivlsItiirtcS. ^Tu^ted 8^^ *nd 160 other Mtions in nogotlatloM hold in

^ *»vt Milvfii hnth.ennenttcKtinlxoaboth.

wUI wmaln only oboot one quarter of OUT own.

f\vym in and dw*lop« of the concept of grwnhouae emi»MOn* markets.

Pmwc 8 fiiK bullet; delete Phwc; “euch -a those ftom pfemeiutoly soceppln* cool 
A^lwbrioity planta” - w do not want to send the «lgnal that we Intend to penninently ejwmp

these plants from any oWlnatlon.

'-IT'
intninto force.”
Page 8.2. What flexibility. Rrfarrmg to cnbon dioxide aa a pdlub^iajnappro^^^^ Strike

‘ this word in the third sentence and replace with “ ...one gas can be used...

Pane 9 Whaie flexibility. First bullet. Rewrite flr« santenca lo read: “First, it provides the 
/ ftl^MrtuBitv fcr countries that taka on bioduig targets to trade riabts to emit gnwnbouse gas« 

AddiimffiMlseiitMieetoradofbulW:

. to take on amiailoiui targett."

Page 9, second bullet. Delete word: “industrial" in second sentonoe.

Page 10. top two paragruphs am repetitive. Also, In aecond paragraph, may wish to note the 
^ initial fine imposed by BPA was ovsr SlOOO/ton not iha $250 stated.

re^me end an operable oleaa developmenlinachjnlsm in fiitura negotiations. Hus imall wA 

pramiuin. even—
page 15. Estimate costs saciion. top paragraph. Detota flra half of sMondsent^, begin
sentencewIth“ConseouldbeTaduc«l8Ubitantially..."Iti8unnewBSarytohi^bEbt
developing countries » much. Also, in this section. It Uunolw^diy so much is underlined-
underlines should b« dsletad.
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Pm« \6 DelBW «atlrc »ccf lor on umbrollt - we do not have a polusy on tWs issue yet. 
fXl pISmnOTly «• » otootos • ip«i6» i« of «»»nHa.en<s - wbch oay i»ver haM«.

r4Si:3Sv»'»'zrrfSj^^„ iLmotei anN.l»p.-n«couM,wiimoooldtortfpoclri By»W »ldltloM) cwt
ndwUoM."
PaM 16 list iwraaraph on page. Strike thU wtite pnragwph including liiet on topt of piy 17. It A 

I\j0 impllw a IpeScobllgBllon to which WC expect developing countries to agn« - end we Have

' not set this policy yet.
Fiee 17. Fiist fUll 9UL Rewrite second sentence to end ai follows: etwsions t^ix« ,
lmduWmitely»medO»g*talp«niclpationbykcydevdopingoountres. Deleteiwnamderof ^ 

paragraph.
Pace 17 Accounting ftr Cvtwi sinks. Rewrlw »Bcona lu sixth scuiauco «s fonowi|^...jole of
ca£»n rinks in which aatl>on absorbing activities can be used to^set ^

stifles djil lamovnls of C02 by sinks count toward meeting the taiget, and counts the
net emissions effocta..."
Page 19. Synthesir. Second seixfenee. delete words: “an assuming also that the US ac^w 
n>«mmgfld^veloplnB country phrtioipation “-the costs savings are not only predwated on 
- and it nssuinei a very spocific level of conunitmeot ftom developing countnoa thtt may not bo
achievable.
Page 20. Last paragraph on page. Delate clause in second sentaoM; “the developing coun^ 
pa^olpstlon that wo are insisting upon as a condition for our ratifymg the Kyoto protocol but J 

’ which is not yet part of th« protocol and on” - it prtdudgea the outcome of internal 
deliberations on develop countries.

Drafted: OES/EOC-Jonathan Fenhlng 
3/1/98

Cleared: OES/E-RPomerance (subs)

mroi o WT
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LRM ID: EHF38B SUNEQT; Council of Eoonsrnlo Advliinn nv*r«iBht Tsnlmony on Kyoto 
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Qnjwing condHlont ^om ohanging wsathar patterns, threat! to human health from 
increased iwnga and Incidence Of diseoaes, changes In avellebility of freshwater 
BupplJos, and dameQe to acoayatenna and bk>divendrtr.

Bapnomic amt Mon9t0fy

The dsrlvBtion of quantitative or monsiary estltnataa of tha damegas from 
such a Ohange in ttia dlmate is rntramely diffioult givofT the oapaoity of todair^a 
rnedde. Eatlmataa of tha aconomlc damagaa from tUmato ohi^a fInto the 
folfowlng broad araac: agrh^ure. ssa^levef rise, air conditioning and heating, 
water aopply, human lifo and haalth, air poliuflon, and other ooata ihurriMnas. 
raipoation costa, human amenity, eonetruotlon, loleure aotlvltiear urban 
Infraatrueture, and ecolugioal damages such as forest loss end speoies losa).
Although the quamifloation of these effoots Is quits damandino, roeeerchera have 
developed actiinatas that prompt aubatantial cpnearn. The IPCC raports that b 
doubling of carbon dioHide tevde would lead to about 6.000 to 10.000 additional 
deattw per year from higher summer temparatures. even after netting out tho 
ahaots of warmer wWitars and aesumlng acclimatization. Other rasaarohars have 
predicted see level IncreasAR of about 20 InoheB by 2100. with aubatantlasy greater 
inoraasea in subsequent years.

Despite the dlfflcultieB. respseted reseBrohars have dsvsioped ostimatea 
of the monalary damagae mqiBcted from an ayerega worldwide temperature 
Increase. For example. Clihregrtimetsd that a temparatura ohange of 4.6 degrees 
Fahrenheit would (mpoae annual damagea of more than 970 billion per year on tha 
U.S. economy in today’s terma. Theee damagee inolude 422 billion ip lost 
agricultural production, 913 billion in additional electricity ooata, aruf 98 bUlion in 
new coats .to maintain tho oMlatfrig aupply of fresh vraier. (Clina'a original 
estimBTai ere quoted in I960 doUare. The figures given above vansiatod those 
numbers Into 1997 dollars using the annual GDP prioe Index,) William Nordhaus of 

. Yale Univerelty has Ukewlee computed eatimnee of tho dollar lose attributable to ■ 
doubNng of greenhouae gas conoeniratlona. Although ha uasa raathods thst differ 
from Cllne'e In aevarel raepoote, he finds that the C!ne oedmata i» In the center of 
three aetimatss for the U.B.. and that the high eatimatb Is only 30 peroont greater 
than the low eetimate. h must be noted, Iwwever, that this sbnHarity amond 
aggregate aetlmetes meska the true uncertalnity oaaDoliited with forecBsta of the 
demagas from given inoreasee fn gktbaf warming - the eetimaitee era an 
fundamentally baaed on extrapolations from current and past experlenca, and may 
not tuWy Incorporate effects that will unfortunately beconie apparent only with 
future expehenca.

One kev difficulty m Interpreting end monetizing these eatimates of 
damages is uncertainty over the extent that they should be dlaoounted because 
they eoeur In the dlatent future. SInoe the benams of Stommli^ future oKmate _

q Aisy ha JtaG^ /du o-P At. ITTS'
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Detalla of how theos provisions will opsrete will bo discussed in ftmira 
nogotiotionE such e$ the one In Buenos Aires ietar this year. Nonetheless, effeodve 
internatlonel trading of amission credits. Joint Impiemontatlon. and tho Cleon 
Development Mechanism o«n lead to aubstantisl reductions in costs relative to 
alternative polioias that do not exploit the power of market inoentivee. To illuetrate 
bdefly the ability of U.S. Industry to perform beyond axpeotatlons when given 
appropriate oobnpmlc incentives, consider further EPA's highly aodelrrred sulfur 
dioxide (fi021 program, which reiiss, among other thinga, on a system of tradeable 
permits 10 reduce smieslons of 802 from eleotrtc utliltlee. The S02 program has 
been Suoceaafui In several waye; a Isroe number of utilWoe partlolpate, 802 
omlaeions end ambient concentrations have fallen and the costa of reducing 
emIcalonB em eonsidersbly lower then orIgInaHv forecesc.

As has been fraquemly noted, the average cost of 302 emlseions 
radiietiona has recently been algnlflcamiy lower than wee orioinaUy foreoaet, in fwrt 
due to the role of ineartlves m fostering innovation. Emission permit prices, 
currently at spproximetoiy it00 p»r ten of 902, are weR bebw eerfiBr estimates of 
around R260 to $350 pur ton.

Trading programs may not always bring cost savings as large as those 
■chieveci by the 802 program: trading programs \^ii ent ijg e^mo^ied bv 
the discovery of much cheeper oontroi stretagiesJi^owever. the B02 esperl^e 
demonitretes clearfy how prt^mns like internatlonel permit trading. Joint 
Implementatliin. and thn Cisen Davsiepmont Moohenism will lead fIrrnB to find 
cheeper ways of reducing emissionB that can lead to unaKpaotadiy low costs.

IV. DIftiouhies sf Economle Anslyele of the Kyoto Protocol
I •

Now that ws have a Protocol •• even if it Is not yet fully complete nor 
^ ready for the Preeldante aubmlt^n to the Senateit ia poaslble to axarrune It In 
* aomewhat mom detelf frem an soonomio pcrspoctivo. But, once again ttw infierent 

llrnttatione of eny luoh satlmates deserve emphesie. Such limitations ehouid rtot be 
surprising to you; ecoMumrets have e difficult enough time projecting the behavior 
of the economy over the next quarter or yeer, let alone over the next two deeedoe.
The Boita of the foraqaetlno exercite is therefors dsuming. end sny specific results 
ahouM ba uaated with subsMntlai oautkm.

The fiiffioultiss assoolBted with sconoinlo analysts of olimata change fall 
Into thraa broad eategortea. First ere the uncertaintiee that stilt remain over the 
torm* of the uldmate trsaiy, necessitating asaumptlona on which the onalysis Is 
predicated. Second are the Inherent lirrdtadons of available models to analyze even 
ehorpterm ceeta end benefita. And finally Is e topio discussad eerKen ths 
inyios^lity of putting e atngle meoetery number on tha leng^eim benefits of 
dimete change mitigation, although there will oleorly bo economle benefits of ,

iW o*c< CauLhy, I

\ c«QnyT»W '
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omiMlon reductions.

Vnc0fX9inth» in r/rs intametfonti/ Bftort ro Otimbnt Cam»tm rh^ngg

The Kyoto Protocol wbb an historic aoeompHohmont, dallnoiiUitB the brood 
tsrms of the Internstional effort to oddreso ollmato ohan(ie. But sHhough we know 
a lot more than we did -bofora Kyoto about how that International aystam will work, 
and that informs our analysis, there la etl/f much that we do rwt know,

Piretr soma provisions raise complax iroplamantatien lasuaa. At iestie-hare 
is the treatment of so-oallad sinks - aqthrltles that affect the rsts at wMob carbon 
la removarf from the atmosphera and 'aequastaretf,' 0.9.. by the pfanting uf uass.

.— _____ ft^eorvt. ^ detslls of s number of items ~ primarily oonosrninp
Intomatfonal tradin&^d developInQ countriss » m ths sutiject of, further 
disouaviona loctudln^ future nagotiatioha In Buertoa Alrat next fall, booauao tfwy 
had not been defiiutively settled by the end of the last all-night eeeeion of the Kyoto 
talks.

Rnaily, and most importantly, we have not yet negotiated international 
agraamoncs to limit omlaelona beyond the 2012 virindow. The emiasion cute agreed 
upon at Kyoto ire only, a first step on a long journey. The first step that we 
propose lo taka ovor the next f S years Is critical. But the reason It Is orittpal Is noT 
that, by ttaell. It win solve the ellmete change problem - emuaiona durlno any 
given deeedo are e|nall compared to the cumuletlva concentretions in the 
atmosphere, nather. the first step ie critical because we oan not taka the vacond 
and third etaps until we have taken the tint. At tha aame time, any analyeis la 
oomplloated by tha laolc of knowledea ever whei the subsequent e^s wUf bo.

fnhofent Umttathns of Mod^

in addition to thaee uncerialnties about the dctella of the intemadonei 
effort to addreee climate change, era ths inherent limitadena of tha mcdela u«ed to 
evaluate that effort. Even within e given model, anawere depend orldoally on the 
pradsa rtatura of the quastion esked. for axompfe, the coata of emissioiis 
reductione dapand orldoeHy on the extent of global participation end International 
Ming ^at a trealy iw eseumad to feature. But in addition to the depandanca of 
the reauHe from a given model on the preolsi eseumptlons, dif farant modeis can 
give dUfarent anewers eyen when all the asaumptione era apaoWad to be tha aeme 
- e oonerete llluetreiion of the range of uncertainty to whiah wo must assign the 
pradletlons of any one (ndivtdusf model.

One area In which the unoertafrrty is paiHoularty large Is the pace of 
taohnobglasi pregraas ~«spavially the dlfruelon Of existing anergyedFfioient
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technalogiM, but also tha dovalopmant of new technologies - end the extent to 
which the pace will accelerats In rasponM to government programs. Models and 
OKpMts on climate chartge policy tend to have a wider range 9* dlaagreameot on tha 
scope for speeding the diffusion of existing eneroy-«Hlolent tachhologlea than on 
any other aingle Issue.

Furthermore, eaoh modal has strengths and weakneasas; each has 
queationa to which H ^ bitter or worse suited to answer. Soma, for example, 
modal tha energy aaotor In detail. Some silow for the fact thsit a codl>1ired power 
plant cannot oostlessfy be converted to one that runs on natural gee, floma «how 
the effects of hypothetioa) tax outs mads poaalble by the new revenues earned 
through the auction of smiseions penmita. Some sre capeMs of showing reoesaiona 
and booms. Odisrs inoKide a longterm "carbon dycls* modal that can keep track 
of the aoeumulation of greenhousa ,gae concenvadons in tha atmoaphere ervl thslr 
oHmatologioal effaots. Some break down the rest of the world Into regians end sa 
oan model intematlonsi trade. No orw model does sverytMitg, and thererforc we . 
must nM rely blindly on the resulte of any one model or sat.of modeia. Profossional 
judgement and aoorMmio intuition, along with diplomatic asasesments, are also 
onielal.
Bwi&fits of Averting CUrmte Change

As discussed sbove, It la evident that the benefits of averting cUntutte 
ulienge ere potentially Immenee. But we have chosen not to try to quantify them In 
monetary terms. In light of the dilHicultlss we have enumarsted. These Inoluda the 
unoenainty of these bsnefrts, their timing and therefore the extreme aansitivlty of 
tha raeults to tha chosen discount rata, and the dapandence of baMsflte on 
smisslona paths afisr the 2009 to 2012 budget period apoolfled in Kyoto.

V. Assseslng the Kyoto Prpteool

In order to evaluate the iiksiy net economic Impact of the Kyoto Protocol, 
axefud/ng the benefftm of mlttgethg c^ata ehango ttaeffr we have drawn upon a 
variety of tools to asaess the vartous possible oosls and non*ollmate banetits of tha 
Admlnletrvtlon'a emlaeione reduction pulloyi To give away the punch line, our 
oonckision la as follewe: the net costa of our polldee to reduce emissions are likely 
to be smatl, aseumlng these raduocions are undertaken In an affleleni manner and 
wa are auccessfuiin aaewing meaningful developing country pertlolpotion as welt 
aa effeothra International trading and dean davalopmant meehanlsms In future 

lotletionsi That polanriel smell net premium, eUon excluding the UMwhts of 
atlng climate change, in offset, purehsses e partial Insunsnoe policy against a 

snrlouB environmental thrsai.

Bocauwi the results fmrn any model must be treated With caution, the
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I said In Congressional toetlmony last July that we can do thi* smart or 
wa oen do this dumb. 1 was refarrlng to the point that ^ costs of cutting 
amlaeiona can be much reduced If flexible, merkat-bcieod mechaniamt bip ua«d.
Our eoonofnio analysis highUghtsd th» importonoa of such flexible, nufrlcet'baaed 
meehanlKma - whioh ara tharafora raflactad, at the Praaldant'a insiatenoa. In the 

/ Kyoto Protoeol and our ongoit^g diplomatic atratagy.

C' \ V^ln the Kynto Ffotg^ thia means an Inslatanoa on intarnaikmal
tttltngfyaint Imidamaaiwlonj anairiuhlmataly. on maanlnofUl developing country 
particIpnienT-DohivattoalivT-thls megnb th« we Impiennant any ^aaiona 
reductions through a market>b«eed eyotom of ttvdfeltia smiBslone punnfla, which 
anauraa that we aidileva reductions wherever they are leaat expansive. But thie 
also means tofclng aorloue and rssponaible ftepa In the ehoit run to prepare US to 
meet our obUgatlena'm the longer term.

The first siioh step Is the inclusion in this year's budget of an eggreasive. 
$6.3 union program of tax oute and R&D investments ^ $1,3 bHIion more than the 
$6 billion package the nealdent promised in hie Ootobor 22 speech on this Issue. 
The goal la both to atlmulata the development of new enargy>Baving and 
eerbon^avini loehnologlaa end 10 eiwvuraee the dleetmlnatlon of thoaa thait exist 
Birapdy. The propoaad package contains $3.6 billion over the new B yeare In tax 
outs for energy efficient purchaaae and renawabia anergy, including tax oredlta of 
$3,Q0(f to $4,000 for oonsumara who purcheea Wghly fuel efficient vehldee, e t B 
paroent credit (up to $2,000) for purehaaas of rooftop solar equipment, • 20 
paroant credit (aublam to e cap! for purchasing onargy-effldont building equipnientj 
a credit up to $2,000 for purchasing anargy-afficlent new homaa, an extension of 
the wind end blmnoes tax crecHt, and a 10 pement Investment credit tor the 
purchaae.of combined heat arid power lyatems. The paokage aleo contains $2.7 
billion over the next 6 years m additional resaerch and davalopmapt inveetmams ~

. covartrtg the four miyor cartion>amhting aectora of the economy (huHdlrige,
Industry, transportation^ and eleetriclTy), plus carbon Femoval and aequeetration, 
Padorad fadlltieB, and oraBa«ointlng anelyses and rsaaeroh. Ona example of the 
R*D effort h the Partnereh^ for a New Generation of Vahiolee IPN6VJ. PNGV Is a 
govammentrInduBtry off art to develop ■ucsuiWa, ef tordaMe care that meet all 
applicable aafaty and environmental atanderde and got up to threa times tha fuel 
efricMosy of today’s cars. In hY»B, tha oombinad proposal for PNQV is 
$277 million, up from $227 million appropriated In FY68. Similar 
pv^ment-lnduavy efforts are propo^ to develop more efficient diesal anginas 
for both light trucks and heavy trunke.

A aaeond responsible atop antolls Industryby'lnduatry eorwultatiohs to 
prepare omlaalon rwiiiotlon plana In key Industrial aactora. The Admlnlairatlpn will 
work In pqrtneraMp wItH Industry to Identify weys in which tha Federal government
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£vtJ/hot9</ rmfucifpn fn oo9f» from umbTOffa trading

Ono po&fiibUlty th«t emergMl in Kyoto, which non* oi u« forM«w, wee 
the idea developed thera bv the U.6. dalMgntibn, llkat the Unrted Steiee might 
undertake tradina with e eubeet of Annex I countilee, dubbed the ''umbreila'. 
Countriae that have expreeaed Intoroet in the umbiaila include the United States, 
Auatrana, Canada, Japen, New Zealand and RubbIb, whh atrong indicatlone of 
Intereet from eome othere. This Bubeet of Annex I countrlea aherat a common 
Intorast In promoting markat’baaad maohaniems, moat apaclflealty, fully flaxlbia 
ruiee for international trading of emlaalona permita.

It is too early to atata the preclea form the umbrella vrlll taka. But wa can 
anvtaion a number of potential benefits. The umbrella oouid. for example gmatly 
reduce ooBta to the U.8, Raeuits we have dertvad from verioua SQM 
almuiatkine of effictMiit International trading euociest that, refetive to the situation In 
which there la no trading at an. the umby^lia can reduce costs bv an aatlmatad 
dO-79 percent/ depending on whether the former Warsaw Papt coun^ fall within 
tha umbrella. The Kyoto Protocol olaaaiftea these oountrlaa outeido of the EU 
bubble for the first budgat period 2008'2012.

^atfnwtBd taduatroa In co9ta from davahfihg country p$rttdlpatkm

The next conakfcreiign is partlolpatlon by dovaloplng oountriee. The 
Preelclam has said that he will not submit the treaty for retifloation without 
meaningful partidpaUon by kav daveiopJno countries. 8uoh partlalpailon would 
further reduce the ootta Involved.

The Kiibetentml petantM gaino from meenlngfui Uvveloping country 
pertIcIpBibon ere hlBhilgtited by the slgnilicant benefits that will Ukaiy accrua even 
from tha limited role that the developing countries have already agn^ to: the 
.Claan Davabpinant Mechonlain (COM), madaled after tha-UiB; ialnt Implamantatinn 

The CDM cannot rsiliatloally be expected to ylald ell the galna of bind! 
targets for developing countries/ but it might shave costa by roughly aneihor 20 ye 
26 paroent from the reduced costs that result from trading among Annex I 
Qountriea.

AireaherpDOTtMKtrls tl>ai waT>«euaUa oama 0f4he hay davaiaplng—, 
ibins-thet are tho lifgeBt emlttore to eommlMotaiBetsrami allow ua lu buy
tflen rodupdene ffw Iheae paths. Slrmitetlows with the 6QM modal Bungaat 

that full PSTdCipatieo bv non Annex I ooufitfieB epuM imt rotiphly 68 oeroent off the 
reduoed ooete that reauh from Annex I trading. The actual coat reduction would ( 
deoerwi on the extent of developina oountiv portioloftten theft le uUlynatelv obtained, 
asjwoll ea the affectlvoneaa of Intarnational tradina arranoamentaT Themora 
davaloplng cDuntriea that take on modeet binding targais and trade in intamatiDnal
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pollution emIwionB by 90 porcont. ThWB technologiort odvonco* havo boon made 
peasibla through the offorta of tho Pprtnarahip lor a Now Oeneratiwi of Vefijvloo 
betwoon the AdmIniBtration and the O.S. auto companies and their euppliare.

Such progreBe may be repKoatod In other eactora. VCRs and TVe, even 
when ott consume about 91 bllHon worth of electricity armually. EPA ha« 
Betabliehed a partnership with melor manufacturaiB that hee a qobI oI Bchlevmg • 
70% raduotlon In enorgy use, without ••orlflclng product quality, usefulnew, or 
inerMBaindceata, partneiahtp offera promloo of eubetantlal hnprovomenta In 
energy effloienoy.

Nen’dtMtB Benefits

A final factor that ehould be inoluded in any eomprehanalwB asseMmant 
of the eoonomlo ImpHcadons qf the Kyoto protocol are the benefits of the 
agraament. The tltaraturo has amphaaltod that any rolailva prica ahifu that prove 
rwoeeeary to raduoe amissions should producs non-cHmata benefits In three areas: 
air pollution Unrelated to vlUnaia change, usTTic congestion, and highway scoldents. 
Tbaae benefits are herd to quantify precisely but are potantiaDy algnifieant»eMr- 
rsuflh ■attmetea euspeef that theee thwie-benijtta eoidd affs^ 1^9<2D%-of any 
raaeuraa 0001*04

Synthestn

•4>0lkv. C*/"
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iteoolA compraharulva evaluation of the aoononrilc Impact of the Kyoto Protocol -a 

must Intsgrato all of the fsetore described above; rslisnoo on flsxlWs markst-bsssd 
maohsnisms domestibally; Internstlonal trsding and Joint Implortisntatlon emong 
Annex I oountrlss; ths tiesn Development Maohanfem; maaninoful davaloplng ^
country participation: the potentfsl oost-mWgeittAg role of 'mdlucttng she gassa and / 
cartoon slnke; the benefite of electricity reetruotwlng) and ondealona roduotlorrs ^ 
aohifvad as a coneequonca of other proposed Administration cUmats change 
mitlatlvoe. Aeeuming that effective me^wnieme tor IntematlDnel trading. Joint 
Implamantation end the Clean Dsvsiopment Mechanism ara established, and 
Bsauming also that the U.8. achieves msanlrtgful developing country ptrtioipatlon. 
our overall iBaassmant.ls that the aconsmlc cost to the Uiilmd Statea In aggragata 
and to typical houeeholds o1 attaining the targets end timetables spaolfiad in the 
Kyoto Protocol, will be modest.

TMe eonolualon that the Impaot will be modeet Is not androly dependant 
upon, but is fully consistent whh, formal modal results. I have previously 
empiiaslzad the nmhations of retying on any single modal in asssaalng ths aconomio 
impact of ths Kyoto Protocol, and continue to view any such rseults as Juat ona 
input Into an ovaroll analysis. But It Is worth emphasizing that model results 
reflecting the details of tho Kyoto Protocol ara eoneletent with our conoluelon. For


