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Last week EDF released a report on the U.S. experience to date with the acid rain emissions 
trading program established under the 1990 Clean Air Act Amendments. I thought that you would 
be Interested in seeing the report, especially now that the Kyoto climate negotiations are so close 
in time. 

The Report attempts to distill the environmental, economic, and polley performance of the acid 
rain trading program in 1995 and 1996. • The results are striking and should serve to remind 
decision-makers here and abroad of what a powerful modet the acid rain program can be in 
• guiding the design of the structure of a global climate treaty. The Report's analysis of the 
ingredients of the acid rain program's success underscores both the fundamental soundness of 
the U.S. proposal on the structure of a climate protocol and the need to incorporate the critical 
elements of that proposal. 

SpecificaJly, the acid rain program's resounding success to date demonstrates that the essential 
elements of the Administration's climate plan 

- a legally binding emissions target 

- the "when" and "where" flexibility of emissions budgets, emissions trading and joint 
implementation, including the use of "banking" as a powerful tool. to stimulate early 
reductions and create the foundation for a robust market over time 

- transparent repc>rting and accounting systems with double-entry book-keeping; 
mandatory "true-up" of accounts; and an enforcement system that uses the "stuff' of the 
trading program to foster compliance through real, credible and automatic consequences 
for non-compliance 

an work together to deliver the kind of superior environmental performance at least cost that.wUI 
be key to the success of a Kyoto Protocol. The Report also highlights the importance of steering 
clear of pitfalls such as imposing cost-caps or sanctioning transaction monopolies In the design of 
an international or domestic climate regime. • 

I would appreciate the opportunity to meet with you prior to December 1 to review the relevance of 
this report for the Kyoto Protocol. 

I ~nk you in advance for your careful review of the Report and I look forward to meeting with you 
soon. 

Thank you for your consideration in this matter. 
1875 Connecticut Ave., N.W. 
Washington, DC 20009 
(202) 387-3500 

ioo% Post-Consumer Recycled Paper 

5655 College Ave. 
Oakland, CA 94618 
(5 IO) 658-8008 

1405 Arapahoe Ave. 
Boulder, CO 80302 
(303) 440-490 I 

128 East Hargett St. 
Raleigh, NC 27601 
(919) 821-7793 

1800 Guadalupe 
Austin, TX 78701 
(512) 478-5161 



• • 
,. .,. 
' • 

• 
• 
t 

.. _. 

.. 
\ 

t 

• / 

' 
t 

,...,,. 

Daniel J. Dudek, Joseph Goffman, 

Deborah Salon, and Sarah Wade 

EIF 
ENVIRONMENTAL 
DEFENSE FUND 

November 1997 



MoRE CLEAN A1R FoR THE BucK: 
LESSONS FROM THE U.S. ACID RAIN 

EMISSIONS TRADING PROGRAM 1 

Executive Summary 

In 1990, then President George Bush and the U.S. Congress launched what many have 
described as the largest-ever "experiment" with the use of emissions trading for reducing and 
managing pollution. To reduce sulfur dioxide (SO2) emissions, the major precursor of "acid 
rain," the Clean Air Act Amendments of 1990 require all electric power plants to reduce and 
cap their SO2 emissions. At the same time, the program allows those power plants to trade 
any SO2 emissions reductions they make below their required SO2 "cap" or emissions limit. 

The first phase of the acid rain/SO2 trading program began in 1995 and has yielded two years 
- 1995 and 1996 - of impressive environmental and economic results. Figure i summarizes 
the most dramatic ones: Not only have Phase I utilities reduced their SO2 emissions as much 
as the law requires, but they also have made more reductions than required in response to the 
incentives created by the SO2 emissions trading market. 
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Figure i: Emissions Performance 

1 This report was prepared by the following staff members in the Global and Regional Atmosphere 
Program at EDF: senior economist Daniel J. Dudek, senior attorney Joseph Goffman, science intern 
Deborah Salon, economic analyst Sarah Wade, and with the assistance of senior scientist Michael 
Owenheimer. 



More Clean Air For The Buck - Executive Summary 

At the same time, the S02 emissions trading market has done what markets do best: drive 
down costs. 

ii 

Largely through a series of graphs and illustrations, this report details these remarkable results 
in the hope of helping to inform three critical, ongoing policy debates: (1) how to manage the 
emissions of greenhouse gases (GHGs) both domestically and internationally (including the 
achievement of early GHG reductions, on which President Clinton focused in the climate 
change initiative he unveiled on October 22, 1997); (2) how to control pollutants, like oxides of 
nitrogen (NOx), whose long-range transport across the eastern United States interferes with 
attainment of the health-based standard of the Clean Air Act for ground-level ozone; and (3) 
how to finish the job, apparently only just started by the current acid rain program, of protecting 
sensitive ecosystems from acid deposition. In each case, the use of emissions trading is at, or 
near, the focus of the debate. 

The U.S. EPA has recently proposed a new mandate under which 22 states would be required 
to implement reductions in NOx as a precursor of ozone. As part of this proposal, the EPA has 
promised to help the states develop emissions trading programs for NOx that could resemble 
the one that Congress created for S02. The debate that has the greatest urgency at the 
moment, however, is the one set to culminate in December 1997 as the nations of the wor1d 
corivene in Kyoto, Japan, in hopes of adopting a protocol for the reduction of emissions of 
GHGs. Because the United States made international GHG emissions trading the centerpiece 
of its proposal, the entire international community has turned its attention to this innovative 
policy tool. 

With the challenges of combating the growth of GHG emissions and of curbing the transport of 
NOx emissions still to be met, this report lays out the following environmental and economic 
successes of the first two years of acid rain emissions trading: 

• S02 emissions have not only been reduced to required levels, but utilities have achieved 
greater than 35% more S02 reductions than required. 

• These extra reductions are distributed across the 24 states whose utilities had to make 
reductions during 1995 and 1996. 

• The highest-emitting sources and/or states have tended to make the greatest number of 
extra reductions. 

• The cost of S02 reductions, as reflected in the trading price of extra S02 reductions, or 
"allowances" as the Clean Air Act calls them, is far below predicted levels. 

• Notwithstanding the rapid fall in S02 emissions, both electricity generation and the U.S. 
economy as a whole were up during 1995 and 1996. 

• Although the acid rain program is too new to sustain firm conclusions about the ecological 
effects of the S02 reductions achieved, there is evidence that the emissions reductions 
have already reduced sulfate deposition in many areas. 

To be sure, changes in the coal industry, notably dramatic efficiency improvements in the 
mining and transportation of low-sulfur coal in the West, have done much to facilitate the utility 
industry's response to the new S02 emissions limits. Nevertheless, the consistent overcontrol 
of S02 emissions during 1995 and 1996 and the low cost of traded S02 emissions allowances 
bear the distinct imprint of an emissions trading market. The robustness of the emissions 
reduction and the economic results of the acid rain program's first two years suggests that 
these results are precisely what would be expected of a program that, through the creation of 
a market, turned extra pollution reductions into money. 
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For its first two years, at least, the acid rain emissions trading program has turned in superior 
environmental performance at startlingly low cost. Such an outcome is essential if the United 
States and the global community are to solve other pressing air pollution problems like that 
posed by the continued rise of GHG emissions. 



MoRE CLEAN A1R FoR THE BucK: 
LESSONS FROM THE U.S. ACID RAIN 

EMISSIONS TRADING PROGRAM 1 

Part I - Introduction 

The U.S. experience with its acid rain emissions trading program has been strikingly positive. 
Throughout the 1970's both lay and scientific observers noted the occurrence of acidified lakes 
and streams across large areas of the eastern United States, many of which were devoid of 
animal life. Anecdotal and scientific evidence also pointed to declines in some forests in 
roughly the same areas. Dr. Gene Likens, the first scientist in the United States to identify the 
cause as related to air pollutants, coined the term "acid rain" to describe the phenomenon. In 
1980 the National Academy of Sciences issued a report supporting the view that the emissions 
of sulfur dioxide (SO2) into the atmosphere resulted in acidic deposition (rain, snow, and fog) 
that, in tum, caused these environmental damages. The academy's report also suggested that 
a 50% reduction in total SO2 emissions would alleviate the problem of lake water acidification. 

The ensuing scientific debate about the link between air pollution, acid deposition, and 
adverse effects on ecosystems consumed the rest of the decade. It was fueled by the bitter 
political and economic controversy, among participants from different sections of the United 
States and different industries, over the total cost of reducing SO2 emissions and the 
perceived inequitable distribution of those costs and the claimed benefits. Specifically, the 
vast bulk of U.S. SO2 emissions were, and are, from coal-burning utilities in the Midwest and 
Southeast. These companies and regions would bear the cost of the reductions, as would that 
part of the coal industry that produced higher sulfur coal. 

Finally, in 1990, Congress enacted legislation that 
imposed a little less than 50% reduction on total 
U.S. utility SO2 emissions. The reduction is being 
implemented as an annual SO2 emissions budget 
for utilities. Each power plant is issued a fixed 
number of SO2 emissions allowances, which it may 
trade with any other power plant, provided that at 
the end of the year it holds emissions allowances 
in an amount equal to its emissions for that year. 
Allowances that are not used to cover emissions in 
one year may be saved for use in later years. 

Congress ... imposed a 
little Jess then 50% 
reduction on total U.S. 
utility 502 emissions 
... [which] is being 
implemented as an 
annual SO2 emissions 
budget for utilities. 

The ability to trade and save unused allowances offers utilities a direct financial incentive to 
achieve more reductions in emissions than required, as well as the ability to find the 
lowest-cost means of achieving compliance. An additional environmental benefit is realized by 

1 This report was prepared by the following staff members in the Global and Regional Atmosphere 
Program at EDF: senior economist Daniel J. Dudek, senior attorney Joseph Goffman, science intern 
Deborah Salon, economic analyst Sarah Wade, and with the assistance of senior scientist Michael 
Oppenheimer. 
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virtue of the fact that many regulated sources choose to maintain some compliance margin 
flexibility by permanently maintaining an account of "banked" allowances. Under this program, 
each power plant can choose between various compliance alternatives - for example, using 
lower sulfur fuel, investing in energy efficiency, chemically removing sulfur from smokestack 
emissions - or can elect to acquire allowances from other utilities. As a result, the different 
compliance alternatives have been forced to compete intensively with each other. The 
expected result has occurred: Compliance costs have been driven steadily downward. 

The program, which began in 1995, and continued 
through 1996, is still underway. The results of 
these first two years are eye-opening both for 
those who promised that this domestic emissions 
budget and trading system would deliver superior 
environmental performance at lower cost and for 
those who questioned such optimism. For the first 
two years, at least, even the optimists' 
expectations have been exceeded. This report 
explains the results of the program in terms of both 
its economic and environmental performance. 

For the first two 
years, at least, even 
the optimists' 
expectations have 
been exceeded. 

Once emitted, S02 reacts with other pollutants in the atmosphere, particularly the various 
components of smog, to form acidic particles and droplets that eventually compose acid 
deposition. Various components of this "soup" of pollutants have been traced over long 
distances. For example, ground level ozone is a major component of smog that is created as 
the byproduct of the atmospheric mixing of ozone precursors in the presence of sunlight. The 
sources of ozone precursors are not necessarily located in the same area where ozone is 
formed; also, once ozone is formed, it can travel great distances and persist for days. In 
attempting to develop a program to control ozone, policymakers needed to study general 
transport patterns. Figure 1 depicts the prevailing wind patterns on days with high local and 
regional ozone readings; it is representative of a series of maps that describe identifiable wind 
patterns. 

Figure 1: Local Transport Wind Vectors on High Local Ozone Days 
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One common wind pattern shows a general trend in air movement from the Midwest to the 
Northeast and from the south-central to north-central regions of the country. These same 
winds also mix and carry the other pollutants involved in the formation of acid deposition, 
including S02 and sulfate particles. In fact, we now suspect that atmospheric mixing and 
transport play a key role in both the ozone and the acid rain problem. 

Figure 2 shows the location and magnitude of the· major sources of S02 covered in the first 
phase of the acid rain program. These sources are considered to be the major source of sulfur 
In acid rain. • 
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Figure 2: S02 Emissions from the Largest Sources 

When Figure 2 Is coupled with Figure 1, it 
becomes easy to see the logic of Congress' 
decision to cap overall S02 emissions and permit 
unrestricted emissions trading under that cap or 
budget. The general wind patterns that prevail 
over the eastern half of the country capture the 
large amount of S02 emissions In the Midwest and 
South and disburse them widely over those parts 
of the country as well as over the Mid-Atlantic and 
the Northeast. Thus, the quantity of total S02 
emissions and the size and timing of their 
reduction appeared to be the critical variables in 
determining the effect of the program. Of course, 
local sources of S02 also play a role. 

[Wind] captures S02 
emissions in the 
Midwest and South 
and disburse them 
widely over those 
parts of the country 
as well as over the 
Mid-Atlantic and the 
Northeast. 
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Two things are worth noting. First, at the time the program was proposed and adopted, the 
very large quantity of uncontrolled S02 emissions in the Midwest and parts of the South 
suggested to EDF and others that those regions and their sources would enjoy economies of 
scale in making S02 reductions2. The resulting lower marginal cost of an incremental ton of 
reduction would make it possible for those sources to be sellers in a S02 emissions trading 
market, if they chose to overcontrol their emissions. 

Second, in the context of acid deposition control, S02 emissions are somewhat analogous to 
those of global greenhouse gas (GHG) emissions. It is their total accumulation in the 
atmosphere that, for the most part, determines their effect on the environment, rather than 
emissions from a.ny one source. S02 emissions 
and GHG emissions share an additional 
characteristic in their respective environmental 
contexts: There is a benefit to removing them from 
the atmosphere sooner rather than later. In the 
case of S02, the earlier the reductions, the sooner 
ecosystems affected by acid deposition can begin 
to recover their acid-neutralizing capacity. In the 
case of GHG emissions, slowing the increase in 
emissions early can slow the rate at which the 
climate will change in the future. This is critical 
because it is not just the levels to which 
temperature may rise, but the speed at which that 
rise takes place, that ecologists believe will 

S02 emissions and 
GHG emissions 
share an additional 
characteristic ... : 
there is a benefit to 
removing them from 
the atmosphere 
sooner rather than 
later. 

determine the fate of sensitive ecosystems in a greenhouse-intensified world. Of course, the 
slower the build-up of GHG, the slower the resulting temperature change, and the more time 
and latitude decision-makers have to respond to changing information and experience . 

. Part II - Market Development and 
the Achievement of Extra Emissions Reductions 

Early critics suggested that markets for allowances would not develop or that they would not 
function like conventional markets. These claims have been proven wrong. Although the S02 
market experienced many of the same characteristics of any startup market, it is blossoming 
into a full-fledged commodities market. Figure 3 shows the steady increase in the number of 
allowance transfers that have occurred in the past three and a half years, including the first 
half of 1997, whose annual total is expected to exceed that of previous years. 

It is notable that the vast bulk of these transfers have involved transfers between and among 
individual boiler units (the level at which the emission source is defined under the program) 
within single operating systems, although many such systems cross several state borders. This 
type of transaction is sometimes referred to as internal optimization. In other words, it indicates 
that a company, when given the flexibility to determine the best means of reducing total 
emissions, will review the operations of its entire physical plant and phase in control measures 
at the location and of a size that makes economic sense, within the constraints of the 
environmental program. 

2 See "Emissions Trading: Environmental Perestroika or Flimflam?," full reference can be found at end 
of report. 
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Figure 3: S02 Allowance Transactions 

Figure 4 indicates, in terms of the total quantity of allowances, the variety and distribution of 
the types of allowance transactions that have occurred thus far. As the market further matures, 
we can expect to see a growth in the relative proportion of transactions that are between, 
rather than within, companies. Simply comparing 1995 and 1996 suggests that this shift is 
already occurring: the cumulative reallocation of allowances between units within utilities was 
largely completed In 1995, and the number of utility-to-broker trades grew In 1996. 3 
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Figure 4: Trading Activity Summary 

3 See ''The Clean Air Act Acid Rain Program: Lessons for Success in Creating a New Paradigm," full 
reference can be found at end of report. 
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In retrospect, the results of this trading activity 
were predictable. The monetization of the SO2 

allowances resulting from a market in which 
unused allowances can be sold or saved for future 
use forced sources to treat emissions in effect as a 
variable operating cost. As a result, sources had to 
do what is sometimes called a "make or buy'' 
analysis about their costs of emissions reductions. 
Many sources decided to "make" emissions 
reductions rather than buy them. Figures 5 
demonstrates that in 23 of 24 states, power plants 
are emitting less SO2 than the number of 
allowances initially allotted to them. Because of 
the monetization of SO2 emissions, utilities' "make 
or buy'' analyses led overwhelmingly to direct and 
indirect investment in overcontrol. Figure 5 
compares actual emissions to allowed emissions, 
by state, in 1995 and 1996. 
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The monetization of 
S02 allowances forced 
sources to treat 
emissions as an 
opportunity cost or a 
variable operating 
cost ... [As a result], in 
23 of the 24 states, 
power plants are 
emitting less S02 than 
allowances initially 
allotted. 
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The states in the chart are organized from high to low by actual emissions. 

Figure 5: 1995 and 1996 Emissions from 24 Power Plants 

Note that only 24 states are represented because the SO2 reduction program is phased in. 
The first phase, between the years 1995 and 2000, requires only the largest-emitting plants to 
make reductions and to make those reductions to an interim level. It is only in 2000 that all 
power plants will be affected by the program and will be required, collectively, to achieve the 
full reduction of SO2 emissions. In the first phase, however, power plants that had no 
requirements prior to 2000 but that are owned by the same companies that own Phase I plants 
may elect to participate in the program and provide alternative emissions reductions. 
Additional provisions ensure that together these mandatory and elective Phase I plants 
operate under what amounts to a Phase I "cap" or budget for their total SO2 emissions. In 
addition, emissions allowances held but not used by these Phase I plants may be saved and 
carried forward for use in Phase II as well as Phase I. 
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The state-by-state representation of net sales and 
acquisitions (Figure 5) appear to suggest that, as 
predicted by EDF at the time it proposed the use 
of S02 emissions trading, the highest-emitting 
states/sources are achieving the greatest 
overcontrol. Figure 5 reinforces the view that the 
financial incentive created by the opportunity to 
carry into the future unused allowances, and the 
extra emissions reductions they represent, is 
prompting widespread direct and Indirect 
investment in overcontrol of S02 emissions. 

As predicted by EDF 
at the time it 
proposed the use of 
S02 emissions 
trading, the highest­
emitting states 
/sources are 
achieving the greatest 
overcontrol. 

Figures 6, 7, and 8 distill and represent, in the form of both bar graphs and geography, power 
plant S02 emissions in the 24 Phase I states as well as the ratio of such emissions to the total 
number of allowances held by the power plants in each state. 

1995 S02 Emissions From 
Power Plants In 24 States 

Source: 1195 Ac:ld Rain 
Compliance ~port 

net S02 emissions credits purchased---------~ net credits sold 

Figure 6: 1995 S02 Emissions from Power Plants in 24 States 
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1996 S02 Emissions From Power Plants 
In 23 States 

Souro•: 1998 Aold Rain 
Compllano• Report 

□ u .. d allocated 
emlSslona allowances 

net S02 emissions credits purchased-----------~ net credits sold 

Figure 7: 1996 S02 Emissions from Power Plants in 23 States 

1995 And 1996 S02 Emissions From 
·Power Plants In .24 States 

&>urea: 1996 and 11M Acid Rain 
Compliance Repons 

net S02 emissions credits purchased-----------..... net credits sold 

Figure 8: 1995 and 1996 S02 Emissions from Power Plants in 24 States 

8 
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Superimposing Figures 6, 7, and 8 on the wind patterns shown in Figure 1 shows just how 
important the extra SO2 emissions reductions are in removing SO2 from the atmospheric 
transport system. 

[T]he best way to spur innovation is to create competition among that 
markets ... that can help industry meet environmental targets ... [T]he S02 program put 
them into direct competition for meeting the needs of utilities and their customers. 

The major benefit of the S02 program thus stems not from allowance trading, 
but from a structural reform in environmental legislation that removes government 
from direct involvement in the decision of business. At the same time, the S02 

program firmly reinforces the role of government in determining and enforcing social 
goals about the desirable level of environmental quality. • 

- Dallas Burtraw, Fellow at Resources For the Future, 
Washington Post Commentary, March 31, ·1996 

Part Ill - Economic Performance 

General economic performance during the years 1995 and 1996 was excellent throughout the 
United States. Notwithstanding the investment in the reduction and overcontrol of SO2 
emissions, overall U.S. electric power generation continued to increase during the first two 
years of the program, as did electricity generation in the regions specifically affected by the 
requirements of the SO2 program in these two years - a result that flatly refutes the claims 
made by opponents of acid rain legislation throughout the 1980's. Figure 9 indicates that total 
electricity generation in the United States increased over the period 1985 to 1996. 
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Figure 9: United States Electricity Industry 
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Figure 10 indicates the regional breakdown of 
electricity generation in 1995 and 1996. It is 
important to note that specific provisions of the 
acid rain allowance trading program prevent Phase 
I power plants from simply appearing to achieve 
SO2 emissions reductions as a result of shifting 
generation to non-Phase I plants. As a result, the 
expedient of generation-shifting that avoids the 
achievement of real emissions reductions cannot 
explain the continued growth of generation while 
SO2 reductions are being achieved. 

Source: Edleon Eleotrlo lnetltut• 
Data Set 

Provisions of the acid 
rain allowance trading 
program prevent Phase I 
power plants from 
simply appearing to 
achieve S02 emissions 
reductions as a result of 
shifting generation. 

D 1995 

D 1996 

Figure 1 O: Regional Electric Power Generation: 1995-1996 

10 

At the same time that overall generation increased, so too did the amount of generation fueled 
by coal. Figure 11 indicates this trend. 
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Figure 11: Electricity Generated Using Coal in The United States 
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As the following quote indicates, coal use also continued to rise even during the first two years 
of the program. 

The electric power industry consumed a record 814.4 metric tons of coal, up by 5.6% from 1995. 
The robust growth in coal use for electricity generation was attributable primarily to: 
• Significant growth in electricity usage due to strong economic growth and colder-than-normal 
weather in the early part of the year. 
• Substantially reduced levels of gas-fired electricity generation caused by higher natural gas prices. 
• Negligible growth in nuclear-powered generation. 

Source: •Annual Review 1996: Coal, • Mining Engineering, Vol. 49, No.5, pp. 43-50, May 1997. 

To the extent that the 1996 increase in S02 
compared to 1995 emissions is linked both to 
increases in electricity use and to increases in 
natural gas prices, utilities were able to find ways 
to integrate compliance with their S02 control 
obligations with the response to overall economic 
demands. 4 This conclusion is demonstrated 
further, and certainly dramatized, by the 
juxtaposition of the following two figures. 
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Rgure 12: Growth Indicators and Emissions 

4 See "Emissions Trading: Practical Lessons From Experience," full reference can be found in the back 
of the report. 
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Figure 13: S02 Emissions Caps and Forecasts - Phase I Units 

Together these graphs belie the initial claims of opponents of SO2 emissions budgets or caps 
that such limits would preclude economic growth. The area between EPA's forecast under a 
"no Title IV" scenario (the triangles line) and the Title IV Emissions Limit (medium dark gray 
line) of Figure 13 depicts the sharp cuts in SO2 
required, as a matter of legal mandate, by the acid 
rain program. The actual emissions line (black 
line) shows the achievement of cuts that were 
greater than required in SO2 emissions. According 
to the Massachusetts Institute of Technology's 
Energy Laboratory, the "decline in emissions 
between 1990 and 1994 was largely due to 
cheaper low-sulfur coal from the West. However, 
the dramatic drop in 1995 [could] be attributed 
mostly to the new market-based" program that 
went into effect that year (source: Newsletter, 
January-March, 1997). In Figure 12, the two 
darkest lines chart continued growth in U.S. 

Through emissions 
trading, electric 
utilities and the 
overall economy seem 
to be able to integrate 
emissions reduction 
compliance with 
economic activity and 
growth. 

electricity generation and gross domestic product against the reductions in SO2 emissions 
charted by the lightest line. Again, through emissions trading, electric utilities and the overall 
economy seem to be able to integrate emissions reduction compliance with economic activity 
and growth. 
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Wisccmsin Electric's own experience with the trading provisions of the Acid Rain 
Program has been very positive. Compliance planning done immediately following 
passage of the CAAA showed that Wisconsin Electric expected to have a Phase I 
allocation that exceeded expected emissions by 200,000 to 250,000 allowances 
over the five years of Phase I (from 1995 through 1999). During Phase II (year 
2000 and beyond), the company expects a shortage of approximately 30,000 
allowances per year if no action is taken to reduce emissions. 

After careful study of emission reduction strategies it was determined that the 
least-cost compliance methodology for Phase II would be to switch to lower sulfur 
fuels at several facilities, achieving 10,000- 20,000 tons of total reductions. The 
balance of the required reduction would be purchased from the market. 

In order to achieve the total 30,000 ton SO2 reduction on the Wisconsin 
Electric system alone, absent the market, would have meant the installation of 
scrubbers on at least two units. Comparing the capital and O&M cost to scrub the 
two units, to the cost of purchasing the same emissions reduction on the market, 
there was over a $100 million (in 1995 $'s) savings by pursuing the purchase 
allowances option. 

With such dramatic cost savings available through the market, Wisconsin 
Electric gradually entered the market as early as 1992 to begin contracting for the 
sale of the excess Phase I allowances and the purchase of the needed Phase II 
allowances. Analysis of the market based on projected future allowance costs and 
internal economic factors (such as the cost of capital and inflation factors), showed 
that the simultaneous sale and purchase of allowances was the most beneficial to 
Wisconsin Electric. Other companies with excess Phase I allowances have 
concluded, using different economic data, that simply banking Phase I allowances 
for use in later years was the most economically advantageous route to follow. If 
Wisconsin Electric had chosen to only bank allowances, and not make any other 
changes, scrubbers would have been required within 5-7 years of the start of 
Phase I. This made fuel switching and allowance purchase the most viable option 
when compared to simply banking allowances. 

In summary, by choosing the compliance path of fuel switching and allowance 
purchases for Phase II, Wisconsin Electric has saved its customers over $100 
million and deferred the installation of scrubbers for the foreseeable future. 

-Daniel L. Chartier, Manager - Emissions Trading, Wisconsin Electric Power 
Company, before the Joint Economic Committee, United States Congress, 
July 9, 1997 
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Figure 14: S02 Allowance Values 

That emissions trading is instrumental in this economic response is suggested by the path that 
allowance prices have followed since active 
trading began, first in anticipation of the program 
and then continuing into the present. The price 
information recorded in Figure 14 was compiled by 
a variety of private brokers and intermediaries 
active in the SO2 emissions trading market. At the 
time the legislation was enacted, predictions of 
marginal compliance costs and allowance prices 
ranged from $350 to $1000 per ton; however, 
allowances have traded at much lower levels, with 
prices ranging from $62 to $170 per ton. There is 
a striking correlation between these dramatically 
low prices and the intensification of competition 

Predictions of 
compliance costs and. 
allowance prices 
ranged from $350 to 
$1000, allowances 
have traded at ... 
prices ranging from 
$62 to $170 per ton. 

between and among the various compliance options (in addition to trading) available to power 
plants, competition that is uniquely created through the emissions trading market. • 
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Part IV - Environmental Performance 

The first two years of experience with the SO2 program amply demonstrate the spectacular 
success of an emissions budget and trading program in delivering substantial and early 
emissions reductions and substantial cost-savings. Equally striking is the suggested effect 
these emissions reductions are having on the physical environment they are intended to 
protect. 

Figure 15 demonstrates the sharp cut in SO2 emissions achieved in the last two years in each 
of the several multi-state regions whose power plants are affected by Phase I of the program. 

Source: 1195 1n<1 11911 Acid Rlln 
Compllonco Roporu 

Figure 15: Regional S02 Emissions: 1985-1996 
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■ 1990 
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□ 1996 

Figure 16 depicts the state-by-state trend in emissions over an even longer period. In all but 
one of the 24 states with Phase I sources, there is a noticeable - and, in the majority of states, 
significant- drop in SO2 emissions in 1995 compared with 1980-1990 levels. 
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Figure 16: 1980-1995 SO2 Emissions from Utilities 

The EPA's conclusions, cited below, speak to the environmental benefits of these reductions, 
Including the suggestion that their earlier-than-required occurrence Is of particular value. 

One factor mitigating the benefit of the overcompliance in the SO2 program, 
of course, is the ability to use banked allowances in the future. The 40 
percent of 1995 allowances and 35 percent of 1996 allowances that were 
not retired for compliance purposes can be used to cover emissions in a 
later year. However, immediate health and environmental benefits are 
arguably more valuable than a benefit several years from now. 

Source: 1996 Acid Rain Compliance Report 

Perhaps most satisfying is the recent information reported by the U.S. 
Geological Survey (USGS) that rainfall in the Eastern U.S. is significantly 
Jess acidic as a result of the first year of implementation of the Acid Rain 
Program. The June 27, 1996 study reports a significant reduction in 1995 
sulfate concentrations relative to the historical trend (1983-1994). These 
results are derived from data collected at monitoring sites across the 
country. The change in sulfate concentrations shows a 10-25 percent drop 
in rainfall acidity, particularly at some sites located in the Midwest, 
Northeast, and Mid-Atlantic regions. These geographical areas coincide with 
areas downwind of affected utility units which have significantly reduced 
their emissions. H 

Source: 1995 Acid Rain Trading Program Compliance Report 

Figure 17 shows the drop (referred to by the EPA, above) below predicted levels during 1995 
In sulfate ion concentrations throughout much of the overall Phase I area, Including sensitive 
"downwind" areas. Although one-year data does not provide a sufficient basis for definitive 
conclusions, this figure does suggest that S02 emissions reductions already may be providing 
benefit to many ecosystems in tenns of reduced deposition. 
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Percent Departures of 1995 Annual Sulfate Ion Concentrations from 
Predictions of the 1983-94 Seasonalized Trend Model 
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Figure 17: Percent Departure of Sulfate Ion 

The significance of this correlation is strengthened when it is contrasted with Figure 19, which 
shows changes in nitrate ion concentrations. While the acid rain program demanded 
aggressive reductions in S02 emissions, the same program's provisions for emissions of 
oxides of nitrogen (NOx), also a critical set of acid deposition precursors, call for only minor 
NOx reductions, as suggested by Figure 19. As Figures 17 and 18 together show, while 
sulfate ion concentrations dropped in 1995, nitrate ion concentrations stayed approximately 
constant or rose in much of the Phase I and downwind regions. 

Percent Departures of 1995 Annual Nitrate Ion Concentrations from 
Predictions of the 1983-94 Seasonallzed Trend Model 
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Figure 18: Percent Departure of Nitrate Ion 
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Figure 19: 1995 NOx Emissions from Coal-Fired Utility Units 

In 1995, ... we saw the largest one-year drop in SO2 emissions since 1970. The 
11 0 power plants required to be in this first phase of the program reduced 
emissions by more than 50% below their levels in 1980 and 40% below the levels 
required by law. In 1996, these impressive results were nearly repeated with 
emissions 35% below required levels. These emissions reductions resulted ir1 a 
decrease of 10 to 25% in wet sulfur deposition over large areas of the eastern 
U.S. in 1995. Ambient concentrations of sulfur dioxide also declined by 17% 
between 1994- and 1995. By the year 2010, the reduction in fine sulfate 
particulate matter is expected to provide health benefits of $12 to 40 billion per 
year and visibility benefits of $3.5 billion per year. 

Data from the SO2 Allowance Tracking System (A TS) is showing that utilities 
are taking advantage of the market flexibilities and cost saving opportunities 
afforded by the program. More than 2,400 allowance transfers moving 
approximately 38 million allowances were recorded by EPA between early 1994 
and the end of the first quarter of 1997. More than 50% of Phase I affected 
utilities have engaged in trades with others outside of their company such as 
other utilities and brokers ... From 1995 to 1996, the flow of allowances from 
brokers/traders to utilities increased six-fold and the stream from utilities to 
brokers increased three-fold. The price of allowances has fallen from early 
estimates of $400 - $1000 to less than $100 for an allowance. These results 
prove that a legitimate trading market in SO2 emission allowances exists and is 
thriving." 

-Mary Nichols, Assistant Administrator, Air and Radiation, U.S. EPA, 
before the Joint Economic Committee. U.S. Conaress. Julv 9. 1997 
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Part V - Lessons for Policy-Makers 

When enacted, the acid rain program was but one of several titles of the Clean Air Act 
Amendments of 1990, whose scope encompassed urban smog, air toxics, mobile sources, 
and stratospheric ozone. At the time of enactment and since, however, the program has 
commanded a disproportionate amount of attention, not only because of the environmental 
problem of acid deposition but also because of the innovative design and use of the emissions 
budget and trading template. For these same reasons, it is not too earty for decision-makers 
to try to draw lessons from the program's record so far. • 

"Leaming from [the acid rain program] shows there is 
significant opportunity to apply them to address other vexing 
environmental problems. The Title IV emissions cap and allowance 
trading approach could be applied on a regional basis to abatement 
of urban ozone precursors, nitrous oxides, and volatile organic 
compounds. This could improve attainment and save billions of 
dollars annually ... 

A second area of application is in the current debate about 
greenhouse gases ... The global climatic effects of these gases 
appear to make an emissions cap and allowance-trading trading 
approach ideally suited to their abatement... 

Indeed, the Acid Rain Program shows that the conversion of 
technology-based ... standards to overall performance-based 
standards may be the simplest way forward to least-cost 
environmental regulation. n 

- Byron Swift, Environmental Law Institute, 
"The Acid Rain Tesr 

On the most general level, the first two years of the program bear out the claims of even the 
most ardent proponents of emissions budget and trading programs. The program is achieving 
even greater emissions reductions than required and doing so at even lower costs than 
predicted. For current decision-makers both in the United States and wortdwide settings, 
several specific lessons have particular urgency: • 

1. Restricting emissions trading, even in the supposed interest of increasing 
environmental protection, is likely to be self-defeating. The economic dynamic of the 
emissions trading market itself drives not only cost-reduction but the kinds of investment 
in emissions overcontrol seen in the first two years of the program. Trading restrictions 
can weaken or even destroy that dynamic and, as a result, sacrifice the additional (and 
early) reductions achieved by overcontrol investments. 

2. Acid deposition is not the only environmental problem in the U.S. to which the 
long-distance transport of pollution is critical. The EPA and states throughout the 
Eastern U.S. are grappling with the effect of NOx transport on ozone smog formation in 
urban areas. In the S02 program they can find the exact template for solving this 
problem. 
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3. Acid deposition continues to plague sensitive ecosystems. The contrasting 
treatment of S02 and NOx under the acid rain program and the resulting contrasting 
effects of their emissions on the physical environment point to the urgency of making 
substantial additional NOx reductions. 

4. Both the economic and environmental challenges of climate change demand 
the use in any international agreement on climate change and greenhouse gas emissions 
of an emissions budget and trading approach. Nowhere are the need for 
cost-effectiveness and the benefit of early reductions more critical. The economic 
dynamic of a GHG emissions budget implemented through a competitive global market 
for GHG emissions reductions could produce the kind of cost-savings and investment in 
early emissions control already seen in the U.S. S02 emissions budget and trading 
program. 
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EDF paper 

Argument 1: The ceiling price would prevent the GHG emissions trading market from acheiving 
the full measure of potential cost-savings. 

Response: This argument is valid only to the extent that firms expect a high permit price without 
the safety valve (i.e., they expect a price exceeding the ceiling). In other words, it is internally 
inconsistent/or the environmental groups to be arguing that 1990 by 2010 will be cheap -- and 
that the ceiling will cause a problem. Their argument that firms will invest a lot thinking that the 
price would be high, and that investment would drive the price down, assumes that firms make 
systematic forecast errors -- that they invest thinking the price will be high, and then are 
surprised when the price is low. 

Argument 2: The ceiling price transforms the emissions trading program into a tax. 

Response: We don't expect that it will be necessary to trigger the safety valve. Even ifwe do, 
the emissions handled under the safety valve would be small and any funds raised could be used 
to cut other taxes. More importantly, there' s no reason that the additional permits would 
necessarily have to be sold -- they could also be grandfathered to firms, perhaps based on some 
performance criteria. 

Argument 3: The ceiling price would defeat an early action program 

Response: The ceiling price would only reduce incentives for early action if prices were expected 
to be above the ceiling without the safety valve. So once again, there is tension between 
assuming that it would be easy to meet the target and assuming that a ceiling price would 
interfere with incentives. 

Argument 4: The ceiling price does not follow the S02 design 

Response: A carbon trading program will be substantially larger than the S02 program; and there 
will undoubtedly be many differences between the two programs. 

Argument 5: Ceiling price may save costs, but only at the cost of the environment 

Response: This argument contradicts the earlier assertion that the ceiling price would raise the 
cost of the program. Furthermore, we don't expect that the safety valve would be invoked -- so 
that we could achieve our environmental goal while protecting the economy against excessive 
costs. 
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Re: Failure of "Ceiling Price" on Emissions Permits as a Climate Change 
Policy Tool 

Introduction. In January, 1997, the U.S. government formally proposed 
that any international protocol to control the emissions of greenhouse 
gases (GHG) be structured in a way that imposed total GHG emissions 
"budgets", covering multi-year periods, on each participating nation. 
Nations could meet their budgets by trading surplus GHG emissions 
reductions with each other, and, presumably, permit their affected firms to 
do the same in private GHG emissions trading markets. There are a wide 
range of decisive environmental and economic advantages to this approach. 
Chief among these is that the global GHG emissions trading market that such 
a structure would unleash could be expected to do what markets do best: 
lower costs and spur (cost-saving) innovation. By defining nations' 
obligations as meeting actual budget limits for their total GHG emissions, 
the U.S. proposal is the single most effective way of ensuring the 
achievement of the "binding commitments" which many world leaders, 
including President Clinton, have pledged to make. 

Unfortunately, despite the U.S. experience with its own market economy 
and with highly successful pollution markets, such as the sulfur dioxide 
emissions allowance trading system used to curb acid rain, some in the 
Clinton Administration have proposed the inclusion of a "ceiling price" in 
the U.S. proposal. Under this approach, the U.S. government would specify 
a cost-per-ton ceiling price for GHG emissions reductions. If the cost of 
making GHG reductions, or, presumably, the market price, rose above that 
level, then, the U.S. would be excused from making additional GHG emissions 
reductions even if that resulted in U.S. failure to meet the national GHG 
emissions budget. This approach would apply as well to individual firms, 
which would be required to pay the "ceiling price" for each ton of GHG 
emissions in lieu of making GHG emissions reductions. 

The ostensible purpose of this proposal is to protect the U.S. economy 
from excessive costs in implementing its national GHG budget obligation. 
Ironically, the inclusion of a "ceiling price" in a GHG emissions trading 
program could have the perverse effect of impeding the capacity of an 
otherwise unfettered emissions trading market to maximize cost-savings. If 
that-wer.e-tbe .. «;::~e, then the "ceiling price" proposal would actually make- · 
the cost to the U.Secon-q_,ny-otmeeting its GHG emissions obligations more, 
. ~--··- ---- -------· -· •• - -



rather than less, expensive. 

Key to the success of an emissions trading market is the ability of 
competition to drive costs down. Two critical elements of competition are 
risk and reward. Firms take risks (e.g. developing new technologies, 
banking early reductions) because in their calculation they perceive the 
value of a specific business decision to be positive. Under the 
?ceiling-price? proposal both risks and rewards are capped at the level of 
the ceiling price. As a result there is only limited competition. Worse 
still, since the risk/reward calculation is based on estimating a variety 
of unknown variables, the presence of a known ceiling price will tend to 
encourage firms to estimate an even higher risk premium when evaluating new 
technologies with unknown costs or other near-term emissions reduction 
action with uncertain future returns. This distortion of the risk/reward 
calculation is therefore likely to preclude much initial investment in the 
development of cost-saving reductions, even at the start of the program. 
At the same time, the costs added by this approach would not even enhance 
the environmental performance of the program. On the contrary, since the 
payment of the ceiling price would result in emissions increases, the 
proposal would all .but ensure that the U.S. would not meet its GHG 
emissions budget. 

1. The "Ceiling Price" Would Prevent the GHG Emissions Trading Market 
from Achieving the Full Measure of Potential Cost-Savings. The ability of 
firms to make and "bank" emissions reduction credits in the early years of 
a trading program for use in later years is almost universally regarded as 
critical to the success of trading programs (assuming that such treatment 
is compatible with environmental effects of the pollutant being managed). 
One of the reasons for this is that banking is instrumental to market 
formation ? and to the process of achieving cost-reductions. If firms know 
that at least eventually there will be a market in which surplus reductions 
will be in demand, then they will be able to identify a financial incentive 
to find and make such reductions, even if the firms are "banking" surplus 
reductions simply for their own future use. The reductions they make, 
especially early on, tend to be relatively inexpensive; as a result, 
investment in such reductions begins the market dynamic of limiting the 
cost of compliance. Thanks to these near-term low-cost surplus reductions, 
the compliance program can "start off" with low-cost compliance options 
readily available. As the market becomes more active, firms find 
themselves subject to continuous signals favoring ongoing investment in 
cost-effective reductions, particularly reductions that can be achieved 
below whatever the market price is, or is anticipated to be. 

Part of the confidence that banking instills in investors in surplus 
reductions comes from the knowledge that all affected sources have no 
compliance option other than to achieve emissions reductions themselves or 
to purchase surplus emission reductions from others who can make them at 
less expense. As a result, all expenditures made in connection with 
program compliance will either be made on the demand side to purchase 
reductions, or on a competitive supply side to achieve the most 
cost-effective reductions. The "ceiling price" approach undermines 
confidence in banking because it gives all affected sources an ?out?, and 
in so doing, unravels the dynamic of cost-reduction that a soundly designed 



emissions trading market can create. 

Specifically, a "ceiling price", not connected in any way to the 
purchase of additional surplus reductions, is a vicious competitor to early 
reduction investment strategies. With a ceiling price present as an 
alternative to participation in an emissions reduction market, potential 
investors in early reductions, no matter how low cost, must alter their 
calculus radically. They cannot simply weigh, as they would in a sound 
emissions trading market, the cost of current investment in low-cost 
emissions reductions against the value (admittedly discounted) of a future 
return on that investment. Such return would take the form either of sales 
of their reductions or of the use of their reductions to avoid future 
higher compliance costs or of the overall flexibility for the firm's 
operations afforded by an available bank of surplus reductions ? all 
outcomes whose current value is increased by a premium created by firms' 
uncertainties about future cost and changing economic conditions. Because 
these uncertainties are amply justified, the ability to pin down costs as 
well as increase flexibility through the creation of a supply of low-cost 
reductions is especially valuable. In contrast, in the presence of a 
"ceiling price" escape path, firms contemplating near-term reduction 
options must compare the cost, including opportunity costs, of near-term 
investment in emissions reductions, against the discounted value of avoided 
future costs, but they must do so in a context where the "ceiling price" 
creates an artificial certainty as to future costs. 

In theory, obviously, the ceiling price could be set high enough so as 
to preserve and ensure the value of the investment in early reductions. 
Unfortunately, the "ceiling price" proposal is, almost by definition, a 
political artifact, designed to ease the adverse pressure on 
decision-makers sensitive to claims that a GHG emissions budget would 
damage the U.S. economy. Consequently, as an administration of official 
has already acknowledged ? unaware, apparently of the internal 
contradiction ? proponents of the ceiling price approach anticipate that 
the price would be set at a relatively modest level, precisely for the 
purpose of creating the needed economic assurance and thus relieving the 
political pressures decision-makers are now facing. 

At best, then, the introduction of a ceiling price "escape valve" 
complicates and creates grave uncertainties as to the outcome of firms' 
near-term reduction investment calculus. At the very least, it would 
contribute to a wait-and-see attitude that would divert some investment in 
low-cost early reductions that might otherwise be made. More troubling, if 
acknowledged political imperatives prevail, then the ceiling price will be 
set at a modest level; as a result, its discounted value will swamp the 
risk/reward calculations of many would-be investors in low-cost near-term 
reductions. Without this plentiful supply of low-cost reductions, the 
market will lose a significant portion of its power to contain and lower 
compliance costs by forcing compliance alternatives to compete with each 
other. As a result, actual compliance costs will rise to the level of the 
ceiling price and will do so much more quickly than otherwise? -- and, 
again, the costs will be that much higher than they would be were a greater 
amount of investment in near-term, bankable low-cost reductions made. 

The presence of a ceiling price escape hatch defeats the cost-saving 



capacity of an emissions trading market at the higher end of the cost curve 
as well. As reduction costs rise, firms increasingly will find themselves 
simply paying the ceiling price and foregoing the achievement or purchase 
of additional reductions. As a result, the market will simply cease to 
generate incentives that would otherwise drive innovators and investors to 
find or use the means to bend high-end costs down. Many potential 
purchasers of the reductions generated by such innovations will simply pay 
the ceiling price and ?escape? compliance. In their absence, the 
financial incentive that an emissions trading market would otherwise create 
to apply downward pressure over the entire cost curve will disappear. 

For these reasons, the introduction of a ceiling price does not simply 
provide a beneficent outer bound on compliance costs. Rather, it 
fundamentally undermines the power of emissions trading markets to 
minimize compliance costs and generate cost-savings. The optimism that 

. many have that an emissions trading market and the technologies, whose 
. ' development and use such a market fosters, can keep costs "below the 

,,. ~ ceiling price" depends on the very cost-saving capacities that the ceiling 
price subverts. At the same time, the "ceiling price" proposal creates a 
perverse trade-off: the economic certainties demanded by current 

'\ 

r
decision-makers, and many traditional economists dependent on conventional 
analytic tools, are won at the price of the future economy's incurring real 
costs that could be avoided if the emissions trading market were permitted 
to work at its full capacity. 

2. The Ceiling Price Transforms the Emissions Trading 
Program into a Tax Program, with the Attendant Economic Drag. With the 
cost-saving dynamics of the emission trading market seriously compromised 
by the ceiling price escape option, compliance costs over time would 
,.aoproxjmate the ceiling price level. Increasingly, firms would simply find 
themselves doing nothing but paying a GHG pollution tax in the form of the 
"ceiling price" payment to the government. This transfer would operate as 

\ 

a non-productive dra on economic performance without contributing to 
furt er re uctions in the cost of compliance, or, fort at matter, 
pr e economic an envrronmenta ene I at emissions reductions 
would. The economic rag created by this tax becomes clear in contrast - • to the productive yield of an emissions trading market. In a trading 
market, companies that invest in surplus pollution reductions can earn 
credits that they can then sell in the trading market or bank for future 
use. Not only do these companies earn a return on their pollution reduction 
investment, but they provide the companies that buy their credits a lower 
cost compliance alternative. At the same time, this "cycling" of financial 
resources through buy-sell transactions contributes to the dissemination of 
lower cost compliance alternatives for the entire economy. Under the 

[

ceiling price proposal, however, companies with high compliance costs would 
not be contributing resources through the buy-sell cycle to support 
investment in low-cost compliance. Instead, they would simply be paying 
the government a fee for pollution, a payment that would come out of their 
bottom line, disconnected from any incentive to reduce GHG emissions, and 
would have the effect of deflating the value of investment in actual 
reductions. 

3. The "Ceiling Price" Would Defeat an Early Reduction Program. On 
October 6, at the White House Conference on Climate Change, the 



Vice-President stressed his and the President's determination to establish 
a program, presumably relying on early reduction credits, to achieve GHG 
emissions reductions prior to the beginning of the first compliance period. 
The Vice-President's determination is well-founded. Achieving early GHG 
emissions reductions can provide critical environmental and economic 
benefits. Because GHG remain in the atmosphere for many decades and thus 
speed the warming process throughout their long lifetimes, slowing their 
build-up can be critical to restraining some of the adverse effects of 
rapid climate change. At the same time, slowing the build-up of GHG 
emissions during the period prior to the time that the U.S. had to comply 
with an international GHG emissions mandate will also soften any economic 
dislocations that might occur in connection with meeting that mandate. 

Accordingly, a strategy that gives private firms a positive incentive 
for making early GHG reductions before mandatory compliance periods is 
critical. If successful, this strategy would not only provide the 
environmental and economic benefits associated with slowing GHG emissions 
build-up in the atmosphere and with lessening economic dislocation, but it 
could also spur and speed investment in the development and use of the 
kinds of innovative technologies that can reduce pollution while increasing 
economic performance, including by minimizing costs. 

One way to create such incentives is by awarding to firms that achieve 
early, surplus reductions G • ·ons credits that they could bank and 
use against future compliance requjrem~nts. The results of t e ac1 rain 
emissions trading program, under which utilities have achieved more than 
30% more sulfur dioxide reductions than required ? and thus created a 
substantial bank of surplus emissions reductions ? provides strong evidence 
of how powerful an incentive device early reduction credits can be . 

. Unfortunately, the ceiling price escape option would fataUy blunt 
that incentive. Again, this option would throw into serious question for 
many firms the financial wisdom of incurring present-dollar expenditures in 
the face of an alternative of spending future dollars to meet a fairly 
modest price to "buy out" of compliance. Because an strategy using early 

\

• reduction credi~s is purely an incentive program, the administration simply 
cannot affo~d to muddy the incentive signal by forcing firms to contend 
with the ceiling price option. 

At the same time, ironically, the success of such a program in 
inducing early reduction activity would provide precisely the kind of 
economic assurance that many are seeking through the "ceiling price" 
approach. A robust early reduction program not only would soften the 
increase in GHG emissions prior to the compliance period, thus smoothing 
economic dislocation and adjustment, but would furnish the economy with a 
reserve supply of low-cost reductions for meeting compliance. 

4. The "Ceiling Price" Eschews a Key Design Lesson of the Acid Rain 
Program. Some have claimed that a similar "ceiling price" approach was 
included as part of the acid rain program. This is simply not true. Under 

)

the acid rain program, sources do have the option, after a perverse 
fashion, of paying the government instead of making the required reductions 
? but the price they must pay is set at penalty levels far higher than the 
cost of making reductions or purchasing reductions from other sources. 



More important, such sources would be paying the government not for the 
privilege of escaping, or being excused from, pollution control 
obligations. Under one provision, sources would be paying for additional 
emissions reductions needed to offset the sources' emissions increases, and 
they would be purchasing from the EPA surplus emissions allowances that had 
been set aside from the initial allocation by the EPA. Under another 
provision the sources themselves would be required to make the additional 
emissions reductions immediately after making the payment, since any excess 
emissions would be deducted immediately from their emissions allowance 
allocation. The high penalty encourages sources to find low-cost means of 
reducing emissions through the emissions trading market, indeed in its both 
of its first two years the acid rain program has experienced 100% 
compliance. The fact that they are paying for, or are required to achieve, 
additional reductions themselves, ensures that the environment remains 
whole ? and that market itself and its main whole. 

5. The "Ceiling Price" Approach Does Save Costs ? But at the Expense 
of the Enviro ment. o be sure, t ere Is a manner o co -savin s c d 
by the c in cape ate . nee costs reached a certain level, 
sources would never have o pay more than at that level. This 
price-ceiling would be sustained, however, at the direct expense of the 
environment, since with every "ceiling price" payment GHG emissions would 
rise above the emissions budget level. Ultimately, then, costs would be 
saved by not requiring that the program perform to the full extent of the 
U.S. GHG emissions budget commitment. Again, this approach all but turns 
the emissions market on its head, since in emissions trading, cost-savings 

\ are achieved only by actions that save costs while also achieving the 
required reductions. Perhaps even more obvious, however, is that the 

('["ceiling price" approach turns the President's commitment to "binding" 
L \ targets on its head. With the ceiling price escape option in place, the 

U.S. would defeat its own commitment to achieve a GHG emissions targ~t . . 

-➔• • ~--~·-·••-•---~------------··- • ···· · · · • • • • 

(See attached file: co2 CEILING PRICE Sarah memo.doc) 
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1. It is vital that the resident or very senior members of the administration call 
and speak to comp 

I 

ies and ask them to come forward with a commitment to 
make earl raductio1 

s In exchange for a commitment to establish an early 
reduction credit pr I ram. 

2. The mutual comm. ents can be expressed en the level of principles and the 
commitments should I e made contingent on working together to work out the details. 

3. An ear1y reductio~ program is the best ~Y to put American ingenuity to work right 
away on the job of fin ing low-cost GHG emissions reductions. An eariy re~uction 
program means that 

I II of the environmental, innovation and cost-savings benefits of 
the GHG emissions ' duction market that the U.S. has already proposed would start to 
happen immediately.; • 

4. Under such a sy i m, companies can start tapping the benefits of emissions trading 
immediately. By find· glow-cost reductions now and eaming tradable credits for the 
future, companies ca

1 
ensure that when the time comes to make required reductions 

they will already have at least one low-cost alternative, in the form of a "bank" of 
credits, for complying 'th .those requirements. As a result, companies will also have 
the flexibility of meet( g those requirements without having to fUSh the turnover of 
capital stock. ; 

I 

5 .. Meanwhile, the r • uctions businesses make to earn those credits will have 
immediate environmel tal benefits, as well as benefits for the broader economy. The 
way greenhouse gas ! missiQns affect the climate means that the earlier reductions are 
made the better It is JI r the environment • 

6. At the same time, e chance to eam valuable emissions credits, would inspire a 
variety of companies • start the search of low-cost emissions reductions and for long­
term innovations that I uch earlier.· As a result, the transition of the U.S. economy from 
"business as usual" t ' compliance with future emissions limits would be that much 
smoother and less p~ne to abrupt and painful economic dislocations. In addition, with 
firms mobilizing their ~sources to discover cost-effective. and innovative reduction 
strategies sooner ra~jar than later, the entire economy will be in that much better a 
position to keep the , sts of meeting future mandatory requirements low. 

7. With this approae~ the mechanism of a greenhouse gas emission market will be 
that much more effec' vein providing the cost-savings needed to protect the U.S. 
economy from the ha that it otherwise could suffer if inappropriate strategies are 
adopted to meet man atory emissions limits. 

I 
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8. With this approac it gives the President the ability to create the'positive, 
opportunity for the e

1 
vironmant message - - ag. the visual message he would create 

by having companie 
I 

standing up with him at the announcement saying they're willing 
to ad now ... 

9. This a·pproach re resents .a critical reaffirmaticm of the President's - and industry's -
commitment to the ~ rket and to making the· market work. At the same time, the 
President must stan by the market itself. That is why it is also critical that the 
President has resist~ the temptation that would permit firms to. pay a tax in lieu of 
making reductions if 

I 
pre-set price ceiling were reached. Like price-control schemes 

of~• past, these se 
I 
mingly comforting "safety valves" inevitably _would introduce 

distortions that.would make meetif!Q emissions limits more, rather than less, expensive 
and well could defea

1 

incentives for cost-saving ear1y reductions. The presence· of 
these approaches In! ny form would predude an earty reduction strategy from being 

I 

successful. • \ . . 

10. With a joint govJ ment-industry commitment to early reductions In hand U.S. 
negotiators in Kyoto 

1 
·11 have new evidence with which ti;, convince their skeptical 

• counterparts from ov1 rseas that flexible, market-based policies can yield environmental 
• results. . • 

I 
i 
. i 
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President or very senior members of the administration call 
and speak to comp~ ies and ask them to come forward with a commitment to 
make eart reductio' s in exchange for a commitment to establish an early 
reduction credit pro· ram. {The mutual commitments can be expressed on the level 
of principles and the 

I 
ommltments should be made contingent on working together to 

work out the details.) l 
• ! 

2. There is NO bette ' way to make the political point about the economics of 
greenhouse gas emis ions reductions and the cost-saving ability of a greenhouse gas 
emissions trading m I et than to have real businesses stand up and agree voluntarily 
to make such reduct! · ns and use the market to reduce costs. 

I 
I 
I 

What the President ' hould sa 

1. An early reduction program is the best way to put American Ingenuity to work right 
away on the job of fin Ing low~cost GHG emissions reductions and long-term 
innovations. I · . 
2.. Early reductions 

I 
ill have immediate environmental benefits: the way greenhouse 

gas emissions affect • e climate means that the earlier reductions are made the better 
it is for the environme t. • 

I 
3. Under an ear1y req ction program a variety of companies will start the search for 
low-cost emissions r • uctions and for long-term Innovations that much ear1ier. As a 
result, the transition cl the U.S. economy from "business as usual" to compliance with 
future emissions limit' will be that much smoother and cheaper. lri addition, with firms 
mobilizing their resou

1 
es to discover cost-effective and innovative reduction strategies 

sooner rather than la· r, the entire economy will be in that much better a position to 
keep the costs of me 

I 
ting future mandatory requirements low. I • 
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MEMORANDUM 

White House Task Force 'on Climate Change 
(By Hand Delivery) • (2iJ 
Dan Dudek, Senior Economist • 
Annie Petsonk, International Counsel 

August 13, 1997 

Capital Office 
1875 Connecticut Ave., N.W. 
Washington, DC 20009 
(202) 387-3500 
Fax: 202-234-6049 

Re: Climate Change Negotiations: Some Progress, Some Potentially Serious Setbacks; 
Clarity and Focus Urgently Needed 

The Administration's Kyoto Protocol proposal advanced in some significant measure at the seventh 
session of the AGBM in Bonn last week. But it also suffered potentially serious setbacks and • 
fragmentation on a number of key elements. We are concerned that these problems, which are .now · 
embedded in the draft text that will be circulated prior to the eighth session in October, will undermine 
the President's ability to conduct effective outreach domestically, including, and most particularly, at the 
White House Conference. ,We therefore urge the Administration to move swiftly during the 
intersessional period to. rectify these problems. We recommend that the Administration conduct high­
level outreach to key negotiating partners and to the Chairman of the AGBM, Ambassador Raul Estrada, 
to clarify and explain the environmental and economic advantages of the Administration's position, and 
to focus understanding on the integrated nature of the Administration's proposal. These intersessional 
consultations are needed to lay the foundation for a clear and decisive Administration follow-through at 
AGBM-8 and Kyoto; similarly, the Administration's position vis-a-vis Congress can be strengthened by 
utilizing a parallel very high-level consultation approach with Congress, especially the Senate, during the 
run-up to the next Bonn and Kyoto meetings. 

Our summary of these key points follows. While a number of the points below may seem like fine 
details, in fact, it is these elements that will form the critical fabric of the new international system for 
carbon transactions. 
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Date: August 13, 1997 

The Clinton Administration's International Climate Change Policy: 
Some Progress, Some Serious Setbacks at AGBM-7; Clarity and Focus Urgently Needed 

The following brief analysis summarizes the outcome of AGBM-7, held in Bonn, Germany, in August 
1997, with regard to the key flexibility elements of the Administration's Kyoto Protocol proposal: ioint 
implementation, trading. and the emissions budget infrastructure. A concluding section discusses 
congressional outreach in light of these results. 

I. Emissions Budget System Infrastructure. 

A. Vintaging/Traceability. Reporting. Review and Compliance. The Administration's Kyoto 
Protocol proposal occupies the environmental and economic high ground of credibility in part because of 
the high level of accountability that can be achieved with a budget-trading-JI system. Accountability 
depends critically, in particular, on reporting, on traceable "vintaging" - that is, the ability to trace 
carbon-equivalent units (CEUs) in the trading system back through each transaction all the way to their 
origin. Accountability also depends on standardized reporting and review, and a staged compliance 
regime that will actually be deployed in cases of non-compliance. The importance of these 
"infrastructure" elements, and the way in which they work together to provide the accountability that is 
key to the environmental and economic success of the system, are not well understood by delegations in 
the international negotiations. 

The Administration needs to explain clearly to key negotiating partners at high levels the 
importance of the budget infrastructure and the way in which the infrastructure elements interact 
to provide the environmental and economic accountability that is key to success at Kyoto. 

I . Traceable Vintaging 

• The Administration needs to clarify that for compliance purposes, it is essential that in all 
emissions transactions, whether joint implementation or trades, the "vintage" - the country 
of origin and year of initial transaction history - must be fully traceable all the way back 
through to its origin. 

➔ In the case of JI projects, the carbon-equivalent units (CEUs) should be traceable back to 
the host country where they were originally generated, with identification of the year in 
which they were generated. 

➔ In the case of trades among nations with budgets, the CEUs should be traceable back to 
the country that originally sold the carbon-equivalent units as part of its national budget, and 
the year in which the CEUs were originally sold. 

• This "trace-back" mechanism 1, coupled with annual reporting on budget performance, 
provides the critical compliance feedback that is essential to the integrity of the budget and 
trading system. 

The trace-back feature can also be thought of as "sticky" vintaging - "sticky" because the 
geopolitical and temporal origin of the CEUs "stick" to them throughout their transactable life 
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➔ Traceability could be assured simply by serializing all CEUs internationally, including 
both emissions budget and JI-generated CEUs, and requiring that all transactions be recorded 
with the secretariat by serial number. JI projects that generate CEUs would need to report 
those to the secretariat and record their serialization in order for the CEUs to be transactable. 
The secretariat would keep a pennanent record of the origin of the CEUs by nation, year, and 
serial number. Such serialization would also facilitate electronic transactions. 

• With this approach, the original country of origin and year of origin for any CEUs would be 
known, regardless of how many times the CEUs had been traded internationally, and regardless 
of whether the CEUs originated in a national emissions budget or in an project. And with 
annual reporting on national budget performance, the market price of serialized CEUs would 
reflect market perceptions of the strength of each nation's compliance program. The 
combination of traceability, annual reporting, review, and staged compliance mechanisms 
provide powerful feedbacks that direct market forces in favor of compliance. Without this 
feedback, however, the accountability provided by the integrated reporting, review and 
compliance system would be severely compromised. 

2. Reporting, Review o[National Budget Performance, Establishment o[Next Budget 
Levels, and Compliance. The Administration's proposals in each of these areas, and the way that 
these proposals interact with and form essential components of, the overall budget structure, are 
not well understood by delegations. For example, delegations do not yet grasp the importance of 
using the structure of the emissions budget and trading system to promote compliance. 
Furthermore, the text that came out of AGBM-7 is littered with reporting and review proposals 
that are unmoored from other system elements. Also a number of proposals have been made that 
would invite governments to fiddle with budget levels during a budget period. Introducing such 
uncertainties into the budget process would greatly undermine the credibility of the agreement in 
the investment and business community, to its environmental detriment. In the intersessional 
period, the Administration could advance its case considerably if it were to: 

• Clarify its explanation of the proposed reporting, performance review, budget-setting, and 
compliance mechanisms. The compliance picture would be clearer to countries if the 
Administration were to explain the timeline of establishing a budget, annual reporting, 
science and technology reviews, performance reviews, compliance mechanisms, and 
establishment of the next budget. 

• Make clear its opposition to mechanisms that would allow budgets to be re-set during a 
budget period. 

• Clarify that a range of options exists for reviewing national budget performance. 
Unfortunately, the "implementation review team" concept is being used against U.S. 
interests by those who would like to prevent any international agreement. Those who seek to 
frustrate a Kyoto outcome are using the prospect of in-depth reviews, particularly on policies 
and measures, to incite fears about intrusions into national sovereignty. To counteract this, 
the Administration should make clear that Parties may use existing mechanisms that they 
have already accepted, such as the national accounts analyses prepared by the Organization 
for Economic Cooperation and Development (OECD), the energy production and 
consumption analyses done under the auspices of the International Energy Agency (IEA), 
and the agricultural production and inputs statistics compiled by the Food and Agriculture 
Organization (F AO). These mechanisms, which may involve international review teams that 
evaluate national performance, can yield good performance data without raising undue 
concerns about intrusion into national sovereignty. And, since the performance objective of 
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a Kyoto Protocol will be set in greenhouse gas emissions terms, what a nation is doing on 
policies and measures will be far less important than how it is doing with regard to 
greenhouse gas emissions. The performance-based reviews of the OECD, IEA and FAQ are 
thus a more accurate vehicle than policy-and-measure reviews when it comes to obtaining an 
independent check on national performance. Furthermore, if vintaging is used, then third 
party private service will also provide evaluations of creditworthiness 

lL. Coverage, Budgets, and Length o(Budget Period, 

/. Coverage. The Administration made significant progress at AGBM-7 in getting delegations 
to understand that it is highly preferable, environmentally, to include all gases, sources and sinks in the 
Protocol. The Administration successfully rebuffed attempts to force categorization of GHG-emitting 
activities by sector and source, and the delegation did a good job of explaining that categorization would 
be environmentally sub-optimal since it would wind up excluding major emitters. That approach should 
be maintained through Kyoto. With regard to sinks, it was rumored in Bonn that the EU opposes 
including sinks in national baselines because EU forest cover has declined since 1990. If that rumor is 
correct, the U.S. should not shrink from making this known more broadly, and s~ould explain to EU 
governments and NGOs that including sinks in national baselines would provide powerful incentives lo 
halt and even reverse the rate of forest loss. 

2. Budgets. It now seems that the concept of budgets is generally accepted internationally. 

3. Length o(Budget Period. The length of the budget period is closely linked to the robustness 
of the tracing system. Without serialization of CEUs and traceable vintaging, budget periods would need 
to be short in order to bolster accountability. But short budget periods place greater strain on the 
international compliance regime, since, given fluctuations in business cycles and weather, it is more 
likely that more nations will be out of compliance with budgets of a few years,than with budgets of a 
decade. And strain on the international compliance regime should be avoided if possible, since, in any 
international agreement, compliance represents the greatest challenge. 

• Therefore, when the Administration puts forward its timing and levels proposal, it should 
ensure that a decadal budget period, which has the potential to deliver improved 
environmental and economic performance while providing a stable investment horizon and 
bolstering the legitimacy of the new international system, is integrally linked to traceable 
vintaging, reporting, and the staged compliance system proposed by the Administration. 

II. Joint Implementation. JI with developing countries, an essential linchpin of the Administra~ion's 
proposal, suffered potentially severe setbacks in Bonn. JI is key to addressing the competitiveness and 
environmental concerns underlying S.Res.98. 

A. The Subsidiary Body on Scientific and Technological Advice {SBSTA) decided not to 
discuss the methodological issues in JI at its next (and last before Kyoto) session. This means there will 
~e no agreed method of crediting for JI, even if JI crediting were to be agreed in principle. Governments 
at Kyoto will be reluctant to support crediting for JI without first settling the methological issues. The 
Administration should work with other governments at high levels to build support for an extraordinary 
session of SBSTA to be held immediately prior to COP-3 to resolve the JI methodological issues. The 
basic issues, which the Administration should coordinate with other interested governments at high 
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levels, are straightforward, and include such principles as steady (rather than rolling) project baselines. 
These issues can be clarified readily in high-level consultations. The forces of delay must not be allowed 
to hold JI credit hostage to interminable wrangling over methodologies. 

8. Proposals to subject the JI Pilot Phase to paralysis-by-analysis gained ground. Those who 
oppose any agreement at all at Kyoto also support subjecting the Pilot Phase of JI to such lengthy and 
detailed analysis so as to ensure that a political agreement on JI credit will never emerge prior to the 
Kyoto meeting - or well into the next millennium, either. Contrary to the claims of many, the Berlin 
Decision on JI does not require a review prior to concluding the Pilot Phase, but rather provides that "the 
Conference of the Parties shall take into consideration the need for a comprehensive review of the pilot 
phase in order to take a conclusive decision on the pilot phase and the progression beyond that, no later 
than the end of the present decade. " No comprehensive review is necessary; nations participating in the 
JI pilot phase have generally conducted their own ongoing reviews, which could usefully and readily be 
compiled; and in any event the reviews indicate what is already widely known: in the absence of credit, 
the pilot phase has not been robust. 

• Rather than acquiescing to those seeking to block agreement at Kyoto by postponing JI for 
credit, the Administration should move swiftly and at high levels to build support ainong key 
countries for ending the pilot phase at Kyoto and beginning JI crediting promptly in I 998. 

• Beginning crediting in 1998 implies that JI credits earned from 1998 to the start of a first 
budget period could be credited toward the participating nation(s)' emissions budget(s). 
Obtaining clear international agreement on crediting for pre-budget JI would advance 
domestic support for the Administration case considerably - the Administration should make 
this a high-level priority. 

C. The current text proposes quantitative limits on JI. The text coming out of AGBM-7 contains 
(admittedly bracketed) proposals to place quantitative limits on the amount of JI that any industrialized 
nation may use to satisfy its emissions budget obligation. Such quantitative limits would seriously 
under-incentivize JI, for, just as any other type of quota or quantitative restriction on trade, prospective 
investors would refrain from investing in particular JI projects for fear that those particular projects 
would subsequently be disqualified for having exceeded a national quota. In fact, quantitative limits on 
JI could give projects a perverse incentive not to do well on reducing emissions - for any one project that 
did better than expected in reducing emissions could find itself disqualified if those emissions reductions 
exceeded a national quota in an investor country. And the presence of quantitative limits would vastly 
and needlessly complicate cooperative projects involving multiple investor nations, because each 
investor nation would have to ensure that its share of any particular cooperative project did not bump up 
against its national quota. 

• In the intersessional period, the Administration should clearly and decisively oppose JI quotas, 
and should make the environmental case for its position known around the world. 

D. The current text provides that JI projects shall not have any "adverse environmental or social 
effects." This language, while on its face seemingly laudable, would be highly problematic to implement 
in practice. The language would render every single JI project subject to challenge and disqualification 
at the international level not based on its emissions performance (which should be grounds for 
international challenge), but because of any adverse environmental or social effect, no matter how small, 
no matter how much outweighed by environmental and social benefits. Twenty-seven years ago the U.S. 
considered adopting such an approach as a tool of national decision-making, and squarely rejected it. 
Congress chose instead to require federal agencies to assess the environmental impacts of their major 
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actions, and to allow the agencies to decide, after weighing the impacts and benefits, what course of 
action to take. Similarly, the decision whether to go forward with a particular JI project should rest 
squarely with the nations involved in the project, and should be undertaken in a transparent manner. It 
would be outside the competency of the Framework Convention, which is a convention on climate 
change, to evaluate the non-GHG environmental and social effects of JI projects. The transaction costs 
of such assessments would further weaken the economic incentive to undertake JI investments in the first 
place. 

• The Administration should make clear to its negotiating partners that the responsibility for 
assessing the environmental and social effects of JI projects - and their consistency with 
national development plans and priorities - rests squarely and solely with the Parties 
undertaking those projects. 

• The Administration should also support a challenge and review procedure whereby JI 
projects may be subject to international challenge on the basis of an alleged failure to 
produce claimed GHG reductions; and that any such international challenge would trigger 
an international review of project performance in terms of GHG emissions . . 

III. Emissions Trading. There is now considerable interest in emissions trading among delegations. But 
the EU remains deeply internally divided on the issue. 

A. Emissions Trading and the EU Bubble: A Trade and Competitiveness Issue. As the 
delegation of Japan pointed out in Bonn, an EU bubble in the absence of a full-access trading and for­
credit JI system would confer unfair trade advantage on the EU. Key senators are already well aware of 
the competitiveness aspect of the EU Bubble, since the point was emphasized in testimony by the Global 
Climate Coalition before the Foreign Relations Committee and was reiterated by Foreign Relations 
Committee members in the floor debate on S. Res. 98. Cost and competitiveness issues are becoming 
acute within the European Union as member states struggle to meet the 3% Maastricht target for 
monetary union. Thus, the timing is ripe for high-level overtures to key EU officials on trading, JI, and 
the EU Bubble. Surprisingly, however, international reports released shortly after the Bonn meeting 
rumored that at AGBM-7, the U.S. relented on its opposition to the EU bubble. It is therefore essential 
that the U.S. move promptly to clarify its position on trading and the Bubble. 

• During the intersessional period, the Administration should undertake very high level 
consultations on emissions trading and for-credit Jl These consultations should be 
undertaken with EU Ministers for Trade and Competitiveness, especially Germany, on the 
EU side, and with high-ranking trade officials on the U.S. side. 

• In undertaking these consultations, the Administration should clarify that if the EU bubble is 
the EU 's way of implementing a fully developed, internationally agreed emissions trading 
system that includes for-credit JI with non-budget nations, then the EU bubble would be 
acceptable to the United States. Otherwise, the EU bubble would be unacceptable. 

Trading and Policies and Measures. At Bonn, the U.S. opposition to internationally mandated 
ROlicies and measures was clear and understandable to most delegations. Yet, some EU delegations in 
particular feel wedded to obtaining some internationally agreed policies and measures. The question 
then arises as to whether there is a set of environmentally useful international policies and measures that 
might meet the EU concern for some international agreement, while also addressing the U.S. concern 
that such policies and measures not operate as trade barriers. The set of international activities that do 
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not fall neatly into national emissions budgets comes to mind, i.e., greenhouse gas emissions from 
international bunker fuel consumption (aviation and marine transport). 

• The Administration should explore, at high levels, the possibility of an internationally agreed 
greenhouse-gas-performance-based policy on bunker fuel emissions. Although international 
interest in and pressure for an aviation fuel tax remains strong, domestic support for such an 
approach is weak, and the environmental effectiveness of a moderate tax in reducing bunker 
fuel emissions is quite doubtful. 

• Therefore, the Administration's high-level policy discussions on bunker fuel emissions 
should focus on the concept of an emissions budget and trading system for international 
aviation and marine bunkers. 

• While ultimately the Parties could decide that such an approach could be administered 
through the International Civil Aviation Organization (ICAO) and the International Maritime 
Organization (IMO), those entities currently do not provide sufficient transparency and 
cannot, under the UNFCCC, become Parties to the Rio Treaty. Therefore the preferred 
approach would be for the Parties to the UNFCCC to decide, as a common policy and 
measure, to develop an emissions budget and trading system for international aviation and 
marine bunkers. Such an approach is already currently under consideration within the 
European Union. 

IV. Congressional Outreach. It is essential that the Administration engage the legislative 
constituencies, in particular on the Senate side, that are most likely to be concerned about each of these 
elements. That engagement should be done in an intensive manner during the intersessional period, so 
that the time of the much larger delegation of congressional observers who will attend the October 
session will be spent advancing, rather than undercutting, the Administration's proposal. There are 
important Senate constituencies that are likely to favor each of the key elements outlined above if given 
adequate background and opportunity. The remainder of August and the whole of September provide an 
important time window in which to build those constituencies. 
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o tial Addendum To Au ust 13 1997 Memorandum Re: 
Climate Change Nego tions Progress, Setbacks, and the Need for Clarity and Focus 

I. JI and China. The views of China about JI are changing. Chinese government officials involved in 
the climate change issue, at all levels but with one well-known and notable exception, have begun to 
recognize the value of for-credit JI in terms of spurring foreign direct investment in high-efficiency 
technologies and cleaner energy production. As one Chinese delegate to the climate negoti~tions said in 
Bonn last week, "It is meaningless to discuss 'transfer of technology' unless you are discussing JI for 
credit. China understands that there is no such thing as a free lunch." 

China appears poised to propose a slate of JI projects that could be announced as early as the US-China 
Summit scheduled for later this year. To pursue this opportunity, the Administration may wish to 
undertake very high level consultations with Mr. Song Jiam, who was the head of delegation to the 
United Nations General Assembly Special Session (UNGASS). These consultations might usefully be 
coordinated through the Chinese Embassy in Washington. The consultations could approach the 
upcoming US-China Summit as an important opportunity to present a joint slate of JI projects that the 
two countries, as sovereign and equal partners, would undertake. It is important to keep in mind, in 
undertaking these very high level consultations, that the approach of the US Initiative on Joint · 
Implementation (USIJI) is perceived by many in China as paternalistic. It would therefore not be 
desirable to initiate action through USIJI. Rather, a shared approach in which the two sovereigns, 
operating at the highest levels, jointly identify a slate of JI projects, is more likely to achieve real results. 

2. Evolution: developing country commitments. This core issue for the Administration's relationship to 
Congress, as difficult as it seems, offers real opportunities to reach an agreement in Kyoto, and to pair 
that agreement with a follow-on agreement on developing country commitments. Most developing 
countries do not understand the U.S. proposal on growth budgets. Nor do they understand the evolution 
from JI, with heavy transaction costs of project-by-project certification, to a full and fluid trading system. 

• The Administration should clarify, through strategic consultations with key developing 
nations, including China, India, Brazil and Malaysia, its proposals regarding growth budgets 
and Jl These consultations should draw on specific examples to illustrate for developing 
nations the nature of the evolution from JI to full trading, and the important environmental 
and economic opportunity presented by the possibility of growth budgets for early adopters. 

• Senate staff attending the Bonn meeting were, overall, quite effective in presenting the Byrd~ 
Hagel resolution to key developing country delegations. These kinds of consultations could 
usefully be continued at the next meeting and during the intersessional period. One 
important component of the Senate interface is to build a powerful Senate constituency 
willing to advocate strongly for emissions trading and JI as part of a Kyoto Protocol. This 
constituency will understand the role of trading and JI in encouraging, through the 
mechanism of growth budgets, early commitments by developing nations. This constituency 
can provide an important outreach mechanism to developing nations. 

• Finally, but only after these consultations have gained momentum, the Administration should 
undertake quiet further consultations with key Senators, key industrialized and developing nations, 
and key industry and environmental leaders on a discrete set of proposals for linking industrialized 
and developing country commitments in the context of a Kyoto Protocol and a follow-on agreement 
involving large developing country emitters. The Administration should enter into these 
consultations clear in the understanding that during the period prior to implementation of legally 
binding targets for developing nations, for-credit JI will play a crucial role. 

DETERMINED TO BE AN ADMINISTRATIVE 
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• Senate staff attending the Bonn meeting were, overall, quite effective in presenting the Byrd­
Hagel resolution to key developing country delegations. These kinds of consultations could 
usefully be continued at the next meeting and during the intersessional period. One 
important component of the Senate interface is to build a powerful Senate constituency 
willing to advocate strongly for emissions trading and JI as part of a Kyoto Protocol. This 
constituency will understand the role of trading and JI in encouraging, through the 
mechanism of growth budgets, early commitments by developing nations. This constituency 
can provide an important outreach mechanism to developing nations. 

• Finally, but only after these consultations have gained momentum, the Administration should 
undertake quiet further consultations with key Senators, key industrialized and developing nations, 
and key industry and environmental leaders on a discrete set of proposals for linking industrialized 
and developing country commitments in the context of a Kyoto Protocol and a follow-on agreement 
involving large developing country emitters. The Administration should enter into these 
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Science 
Myth vs. Reality 
Skeptics In the Media - A Case Study • 
There is an overwhelming scientific consensus that climate change is real, dangerous an 
underway. The consensus Is among thousands of scientists wor1dwlde conducting Independent 
research through the rigors of the peer-review process. It Is captured In the statements of the 
Intergovernmental Panel on Climate Change, which was created by govemments explicitly to 
investigate the scientific understanding of climate, and a statement signed by over 2,600 scientists 
that warns global warming is already underway. It ls a remarkable consensus, but one most 
Americans may never know exists. Corporations, lndMduals and associations who oppose a 
climate treaty regularly fill the press with distortions and Inaccuracies intended to convince the 
public that climate change Is fiction. 

A CASE STUDY 
Broad claims of Industry misinformation are not very informative. It is helpful to examine a specific 
example, one that is typical in its argument and tactics, and one that demonstrations just how far 
the •skeptics" are willing to stray from the truth to pursue their agenda. Consider this typical 
example: 

An Op-ed Runs In a Major Newspaper 
On August 29, 1997, the Detroit News ran an op-ed by George Roche, the president of HIiisdaie 
College In Michigan, which charged that concerns over global warming are ·bad science and 
unjustified envlronmental hysteria." • 

To prove his point that global warming Is "bad science: Mr. Roche wrote that, "A recent Gallup poll 
reported that 83 percent of the respondents disagreed with the statement that human bumlng of 
fossil fuels causes global warming. These weren't Just average citizens. They were from the 
Meteorological Society and the American Geophysical Society.• 

Key "Fact" In Op-ed is .. totally Inaccurate." 
Mr. Roche appears to have a compelling argument, particularly since the Gallup Organization Is a 
trusted name to most Americans. In reality, his argument Is based on complete fiction and totally 
erroneous numbers. Mr. Roche's statement that, "83 percent of the respondents disagreed with 
the statement that human burning of fossil fuels causes global warming" is "totally inaccurate," 
according to a written statement by Harry Cotugno, a vice president at the Gallup Organization, Inc. 
Here's the facts: 

• It also wasn't •recent.• It was done in 1991. In 1992, commentators Ronald Bailey and 
George Will cited the study, though only claiming that "of those scientists actively Involved In 
global climate research, 53 percent do not believe global warming has occurred.• 

•Mr.Roche somehow reinterprets the data to arrive at "83 percenr but even the 53 percent 
figure "is not a proper interpretation of the survey findings,• according to Gallop. In asking 
Balley, WIii and others to run corrections, Gallup stated, " ... most scientists Involved in research 
in this area do believe human-Induced global warming Is occurring now." 

There's More 
The erroneous Gallop Organization polling numbers cited by Mr. Roche appear over and over In 
the media. This Is very typical of "facts" used by those opposing a cllmate treaty. They make the 

(more) 
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same arguments over and over, regardless of their Inaccuracy. A database searc11· reveals 1hat In a 
recent two month period, alone, the followlng references occurred: 

• St. Louis Post Dispatch, 8/2197 
• Asian Wall Street Journal, 7/29/97 
• New Orleans Times-Picayune, 7/11/97 
• New York TimtJs, 6127/97 
• Arizona Republic. 6/25/97 
• Chicago Tribune, 6/4197 

. • Furthermore, there are dozens, if not hundreds, of earlier mentions, Including citations in both 
of Rush Limbaugh's books. • 

A Typical Example 
The example of George Roche's op-ed In the Detroit News Is typical of most of public arguments 
made by opponents of action to mitigate cnmate change, for these reasons: 

• It takes one piece of wrong information and uses 1t to argue a scientific consensus does not 
exist. The tac~ works well In the rhetoric of an op-ed, but a single Gallup poll, even If It existed, 
should not be given equal weight as thousands of peer-reviewed studies and rese,rch by our 
very best scientists In government, academia and those conducting Independent research. 

• It restates a wrong piece of Information. Time and again opponents recycle arguments, each 
time presenting them as •new" Information. In every case the "new" information has either 
been rejected by the peer-review process as sclentlflcally flawed or shown to be complete 
fiction or otherwise misleading . 

• The person making the argument wlll often appear as a •disinterested" party offering an 
objective opinion; but Is actually motivated by profit or politics. Although Mr. Roche I• Identified 
only as the president of Hillsdale College In his op-ad, he Is also a member of the far right policy 
group, the Council on National Polley, whose membera are not scientists and economists but 
such figures as Phyllls Schlafly, Pat Robertson and Jesse Haims - clear1y people_ motivated by 
polltlcs and not scientific truth. Addltlonally, Roche ts trustee emeritus for the Foundation for 
economic Education, and he serves on the National Advisory Councn of the Citizen's 
Committee for the Right to Keep and Bear Anns: The point of this Is not to tar him with the 
palntbru&h of being conservative, but to point out that he's hardly the dispassionate, objective 
academic he might seem to be with the simple description of •college president.• 

Attached: Gallup's Response 
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A Pre-Pool Submissions 
► Documentation Submitted to Pool for Qualification 

► Assessed by Pool Qualifying Criteria 

► Qualifying Reductions Added to Inventory 

A Post-Pool Reductions 
► Annual Pool Performance Results Reported to 1605 

& Assurance of Credit 
► Specific contract 
► Moral commitment 

& Provision of Supply of Credit 
► From first budget allocation 
► From an internationally purchase from a government or 

through joint implementation 

& Legal Hammer 
► Companies participating in a qualifying GHG pool by 

~~ 

2000 will receive bonus allowances consistent with pool ~~' 
performance 

. . 
► Companies that fail to join a qualifying pool will have ,. • 

their emissions capped at 1990 levels in 2005 
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& Builds a Credible Domestic Policy Response to 
Kyoto 

& Demonstrates Practicality and Environmental 
Benefits of Emissions Trading 

& Facilitates the Development of Climate Friendly 
Product Markets 

& Builds a Compliance Reserve to Manage Future 
Emissions Reduction Responsibilities 

8'F 

• Identify Core Group of Founding Members 

• Develop Detailed Pool Structure 

• Establish Pool Contracts 

• Expand Membership and Public Awareness 
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MANAGING 
GREENHOUSE GAS 
RISKS THROUGH 
POOLING 

El)F 

.& Third Conference of the Parties, Kyoto 
► No matter the outcome some form of voluntary action 

necessary 

► US emissions will be significantly higher than 1990 
levels in 2000 and 2010 

► Challenge is to bend the "BAU" emissions trajectory 
down to create a soft landing 

A Domestic Response to Kyoto 
► Utility industry is ready to move 

► Other major industrial players are interested as well 

► Key is credit for additional voluntary efforts 

. t 
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• Create Support for Administration's Climate · 
Change Proposals 

► public 

► Congress 

► other nations 

• Generate Incentives for Early Reductions 

• Develop Protocols for Effective Emissions Trading 

• Demonstrate Financial and Environmental 
Effectiveness of the Policy 

BF 

• Pool is a voluntary agreement that is legally 
enforceable among members 

• Each member has a decadal emissions limitation 
which is negotiated with the pool 

··:-:: • Each member complies with pool obligation by 
meeting its emissions limitation including through 
the use of trading within pool, purchasing options, 
banking, or (if certified by the pool) trading outside 
the pool 

BF 
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.6 Cumulative Emissions Budget 

.A Annual Emission Milestones 

.6 Annual Reporting of Emissions, Reductions, 
Transactions 

.A Meet Annual Emissions Milestone 

EilF 

► Own Reductions 

► Purchase of Qualifying Reductions 

► Options on Reductions from Pool Members 

► Direct Purchase from the Pool 
EilF 

POOL STRUCTURE 

Outside 
Experts & 
Stakeholders 

Advisory 
Committee 

I Pool Members! 

Supervisory 
Committee 
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I Governmentl 
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A. Monitor Member Compliance with Contractual 
Obligations 

A. Management of CEU Accounting System 
A. Review and Approval of Nonmember Transactions 
.& Provide Liquidity 
.& Reporting of Results of Pool Operations 

BF 

A. Pool Members Free to Sell to Nonmembers 
.& Nonmembers Cannot Buy Directly From the Pool 
A. Nonmembers' Reductions Must Be Qualified If 

Offered For Placement 
► Nonmembers Pay For Qualification Unless Transacting 

with a Member 

► Nonmembers Pay a Consignment Fee 

A. Nonmembers Cannot Sell Options 
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Ross Gelbspan's The Heat Is On 

. . 
• During the trip to Glacier National Park last week, Mr. Gore asked me to provide him 

with a list of errors in Ross Gelbspan's The Heat Is On, as a cautionary note for the 
President who is now reading the book. Below I dte a handful of specific places .in the. 
boo~ where the President ought to be aware of significant errors or overstatements. • I 
have also ~ttached ~ .review written by me for the Los Angeles Times that s~arizes 
·my views on ~oth the strengths and weaknesses of the book. My general opinion of the • 
The Heat Is On is very positive. 

• pp. 1-2, 146-7 - The Antarctic: Peninsula has warmed by about 2 degrees 
Fahrenheit in the past twenty years not "20 degrees Fahrenheit in the last twenty 
years". This section also implies that the observed br~akup of floating ice shelves 
arc::,_und the Antarctic Peninsula is a precursor of "catastrophic flooding". In fact, it is 
the disintegration of ice sheets based on land rather than floating ice shelves that 
leads to sea level rise and flooding. There is no indication that the observed melting 
of ice shelves. around the Antarctic ~eninsula is leading to disintegration of land­
based ice there. Howeyer, if the much latger Ross and Filchner-:-Ronne ice shelves 
far to the south of the peninsula begin to fragment due to wanning, this might lead 

• to accelerated loss of ice based on land, and catastrophic flooding in the distant 
future. It would take several centuries for this scenario to unfold, but sufficient 
warming could occur during the 21st century to make it inevitable. 

• ' 
• • pp. 3, 49 - The "recent weather rec:ord" has not been marked by "stronger 

hurricanes". Throughout the book, it is implied that hun:icanes are becoming 
stronger and more .&_equent and that this change is a.sign of global ""'.'arming. 
However, no long term trend_ in hurricane strength has been found, ,and althou.gh 
.hurricane frequency was .indeed high d,µing 1995 and 1996, it was anomalously low 

• --- ·-

during the 1960's through 1980's. Nevertheless, some studies have indicated that 
both strength and intensity of hurricanes may increase if the wo.rld continues to 
warm, although there is not yet a concensus on these points. 

• pp. 1i, 48 "Colder cold" is nof a necessary outcome _of global warmin~. 
Throughout the book, it is implied that all types of climate phenomena, including 
cold waves will become more extxem.e. Actually, some climate exb:'e.tneS are ' . expected to be moderated at most locations by global wanning: and extreme wmter 
cold is one of them. However, some scenarios suggest that No.rth Atlantic ocean 
circulation could be disrupted by global warming and this change could lead to 
colder winters for northern Europe. 

• p. 18 - The pre-industrial concentration of carbon dioxide in ~e atmosphere was 
0.03%, not 0.3%. 

• pp. 147, 162 - ''Three feet" is the uppermost estimate of se.i le-vel rise projected for 
the next century. The range projected i~ 1/2 to 3 feet. 
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THE HEAT rs ON 
Tlte High Stiaku 

Battle Owef Earth's 
Threatened Climate 
By Ross Gelbspan 

Addison-Wt:Sley:)78 pp., $23 

F 
orty year:s ago, Vice Presl­
deot Al Gore's environmen­
tal mentor, Roger Revelle, 
warned that "human beings 

.ire now c:.u-rying out a large scale 
geophysical experiment . . . " on 
Earth. Burn!.Dg coal, oil and natural 
gas to produce clectricit)", drive 
automobiles and power Industry 
was causing·. a buildup of carbon 
diOJdde that traps heat in the 
atmosphere that would othe:-wise 
esC.11Pe into space. Would the result 
be a significant warming of the 
global climate? . 

Initial results on the "experiment" 
are now available. "The balance of 
evidence li\.lggests that there is a 
dlsce~ble human influence on 
global climate," according to the 
1996 report of the United Nations' 
Intergovernmental Panel cin Cli­
mate ChaDge, a worldwide body 0£ 
2,500 scientists assembled to advise 
governments ori the scientific [acts 
o! lit'e on global warmmg. This 
outcome wwr· based on detailed 
analysis of historical ·recards and 
supe.r-compllW' simulations 0£ tem­
perature tmt show the characteris­
tic fingerprint · of hwna.n activity 
~ed ·on the normal baclc­
ground of climatic vamt:ioIL 

To .many scientists. the .conclu­
sions of this '. report came u no 
.surprise beca.~e, in the decades 
since Revellers 'WaJ1llng, research 

. has provided evidence that humans 
were changing the atmosphere. 
.Among the key fiDdmgi a.rt! that. the 

: atmcsphenc 1~m of carbon diCJ:ide • 
: has •increased'. by 30% since the 
•. I?ldmtrlal Rev'olutian and tilat the 

Earth has warmed •ut one degree 
Fahrenheit since the latter part or 
the 19th century_ Furthermore, . 
samples of air tnpped in andent ice 

/ show that at earlier times, natur.al 
climate variatiol'lS wene d06ely u­
sodatcd with natural varliit.ions in 
carbon dioxide and other heat-trap­
ping grftnhome gases, which ba1re 
now attained their highest atmos­
pheric levels in more than 200,001 
years because of human ~ons. 

Ross Gelbspan, formerly a re­
porter and editor far the Boston 
Globe, has monitored the prognu 
of global enTI?Onmenta.l issues for 
25 years, and "The Heat ls On'' 
bears t'.be mark or someone who 

- has reported on the envii-onment 
far a long time and bring$ to the 
subject a deep perspective. .But 
Gelbspan's focus is less on the 
details of the scientific ~eriment 

: than on the sociopolitical experi­
ment that bu begun as govern­
ments attunpt to grapple •with 
solutions to the problem. In 1992, 
after 18 montM of wrangling, gov­
ernments of the industrialized 
countries-including the United 
States, EurOl)C and Japan-arreed 
tc make attcmpu to return cmi:1-

Michatl Of,pC'f'l.hei:mfT is chief sc:ien• 
ti.st and eNJi17TUln of the Glal1af./ Re· 
gi,onal .Air frog-ram at the E1i1Jira11.­
m.nr.tal Dt:f1!113e F11:nd. in N ,:w Yark. 
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Hot Stuff 
sions to 1990 leve.15 by 2000. The 
treaty, the United Natloas Frame­
work Conv:entlon • on Climate 
Cbat1ge, was gjgt1ed at the Earth 
Summit in Rio de Janclro. But 
negotiations continue bee.a.use the 
initial llmfts were insufficient, and 
most countries, including the 
United States, ue expected to fail 
to meet the objective of the accord 
in any event. • 

A fracas that had been brewing 
slowly for :several years broke out 
as fossU-fuel interests- both oil 
and co:tl cornpani.es and oil-pro­
ducing natioll5-realized that their 
lifeblood was threa.tened, One way 
or another, slow*nJ flobal 
warming means slashing fo:isil fuel 
use and teplacmg it wiU1 reniW­
able sources like solar energy, 
Vuious industry combination:s 
geared up for batUe. One industry 
group has retained its own repre­
sen t.ative, who auends the negotia­
tions a.s a supposed observer but, in 
fact, appear.; to orchestrate the 
negotiating positions of the Saudi 
aDd Kuwaiti delegates. As oil-prow 
ducing 1Jations, Saudi Arabia and 
Kuwait are not thrilled about the 
prospect oI m energy transition 
a way from fossil fuels. 

The inside glimp!ie at how these 
interests go about the bu.sines, of 
lmluencing policy on an issue 
where global habitability is at 
stake is both reve2l.lng ADd appal­
ling. The most troubllag epi:sode 
occuxred when those opposed to 
emissions limitation launched a 

• public relatiom war that included a 
nasty attack on the integrity o! 
scientists doing the fundmental 
research on the cllmate !mrer­
print. 

G4!lbspan is partieularly insightful 
on the effectiveness with which this 
campaign' has obfmcated the ,mue 
and-dazed the body politic by de­
ploying ariUDlen~ or a handtul of 
scientists whose views -conflict 
sharply with the rest of the scientific 
community. • Yet their arguments 
have generated columns of ink in 
great cwprc,partion t9 their numbers 
and their ln!luence &mOilg other 
sc:i~. Gelbspan blames the in­
dustry group3, 111rho provide re­
sources for public relations efforts 
that amplify fringe science in the 
public art:na. He also talc~ the pre:13 

to task for 113 adherence to a 
"faimCM" model that 1' mare fit­
tingly applied to political argwnents 
bec:.Juse it proV:ides equal time to all 
side.s. With science, Wllilte politia, 
there is us1Jally 9cly one truth. 

The author presents a disturbicg 
replay or a series of bearings held 
alter the Republican majority took 
coaqol of the Cotigress La 1994, 
hearinr:i • _t!iat saw the scientists 
with fringe views tr5tcd ..-ith. 
neat def~encc and saw the views 
·o! respected mainstream scientists 
dmded with such retorts u Rep. 
John T. Doolittle (R-RockJin): 
"I'm not going to get involved in a 
mumbo-jumbo of peer-reviewed 
documents." (For readers who 
don't follow science, '.Jter review Is 
the l)rocess that niters out the 
credible from the inde!eooble be• 
fore it is published.) And consider 
what Rep. Dana Rohnbaclicr (R. 
Huntincton Beach) asserted about 
iloba.l warming, "At best it's non­
proven, and at worst it's liberal 

' • I r ' # 
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c:laptrap." Such unin!ormed ram­
bling would be merely humorous if 
the result had not been significant 
reductions in the-:science research 
budget for this issue. 

People need to read tbis book. 
whether they are concerned about 
slowing global warming or about 
the use a..'ld abuse of science in-the 
political arena or about the strug. 
gle in the world between the ha,ves 
and the have-nots, a·struggle that 
repeats ii;sel! over issues of popula­
tion limitation to trade to disar.ma.­
ment. The chapter "After Rio, The 
Swamp of Diplomacy" is particu­
larly insightful; It will no doubt 
make some readers deeply skepti­
cal that negotiation-as-usual can 
produce a soh..rtion in time to a-Vert 
disruptive climate changes. • 

But readet'll should be aware of a 
few significant shortcomings in the 
book. The presentation of scientific: 
details is far from the best avail­
able. In more than a few instances, 
the descript1ons i;onfuse rather 
than clarify the iss\les and misrep­
resent the level of scientific under­
standing by using "will" rather 
than "may" in projec:ting poteatfal 
outcomes of wanning or, in a few 
.ln:stances, are just incorrect. For 
e.-..-ample, Gelbspan argues that 
"the recent weather record has 
been marked by :Stronger hurri­
canes . . .!' that are "nature's ex..: 
pressions of the early stares of the 
heating of the almo'Phe.re." In fact, 
the average strength of North 
Atlantic hurrtc:aDes. has decreased 
since the 1940s, and there is little 
eVidence of a trend ill hurricane 
frequency. There was a large nwn­
bcr of such storms in · -1995 a.nd 
1996, but it came after •everal 
decades of un1JSUally lo'P hWTicane 
incidence. As for the future. an 
argument can be made that ftrong 
hurricanes may gef stronier in a 
warmer world, but there is ~ot yet 
a consensus on the matter. The 
author also leaves the imprt!iSion 
that a.ll extrem~ of climate are 
bol.lnd to occur more frequently. To 
the contrary, some extremes. like 
the frequency of at:reme cold, are 
likely to become less common at 
most locations. 

His solution-es:sentiAlly a public 
takeover of the energy sector ac­
CQtnpallied by a massive public rela· 
tions campaign to quickly convert 
the public-i:s draconian and un• 
likel.Y to attract many adherents. It 
1Scctm to reflect Gel.b.-pan's under­
standable impatience With the fact 
that the future of the world is tied up 
in the vagaries of international di­
plomacy and the. unrulin"" of the 
market Others have areued more 
persuasively and nalistic:ally that 
the solution. to th, prol,li=-imple­
mmttng hfgh-l!!ffic:ier.icy Itdmology 
and solar energy sourccs-\VOuld be 
better achieved UMg incentives and 
di.'>incentives than technology man­
datt;S and confiscation. 

Some observers disagree about 
.- .the pace of the negotiations, arguing 

that progress has been rapid indeed, 
compared to work on other interna­
tional issues such as nuclear wt.p­
ons testing. Nevertheless, green­
house gases keep building up, the . 
cliffl1t~ i! h!,mmng to ci,ange :ind 
the consequences will be largely 
irrevet'Sl"ble. Can we really· blame 
G4!µ>span for being im~tient? • 



F-340 T-221 P-001/007 SEP 10 '97 12:22 

ENVIRONMENTAL DEFENSE FUND 
1875 Connecticut Ave., t-rW, 10th Fl. 
Washington, D.C. 20009 

Telephone: 
Facsimile: 
EcoNef 
Internet 

Date: 
From: 

To: 
Fax: 

Message: 

(202) 387-3500 Ext. 123 
(202}2~049 
edf 
annie@edf.org 

September'10, 1997 
Annie Petsonk, International Counsel 

- ---... 
Todd Stem/Nicholas Lapham • ;-> 

456-2215 • ·------ • 
--""". 

Dirk Forrister/Tom Peterson 
343-1162 

Lucia Wyman 
456-2604 

Attached please find excer,pts from-.the National Academy of Science8 1991 
Report, UPolicy Implications of Greenhouse Warming,• pages 62-63, and 
105-106. . 

-Annie Petsonk 



• 

·· ' 1 . •· • 

'}· .. 
)•"c• -• I ' .,. ,,..,. •. 
f :~r;~ \ 
'"f';t ... 
. ,-,; ·, 

~-J ~ ,· 
·· • . . • . "' 
I•~ •• . " 

··l'r 
' . .. , . ·.. . 

, . ·.· !· 

. . . . 
.. # .- · 

-
:·f° 

'i. 
:/: 

j;: • 
r- ·' 
· ;" 

' . 
' ... 

i ' : 

•' .. . • ... . 
f 

.l,.: 

·•' 
·, ,4 . 

., 

• 
:. I : 

·, 

I 

. 
POLICY IMPLICATIONS OF 
GREENHOUSE WARMING 

Pclfky Jmptk11tions ur Gtec11t1oust W1mnfog- Synlhcsit Panel 

Committee on Science, Engineering. amt P11bllc PuliL:J 

N11tiunc1I Academy of Sclc111:u 
Nu1iumd Acaden1y or l!nsfnc(ring 

lnslltu<e or Medicine: 

NATION . .\L ACADEMY PRESS 
WaslliD11mi, D.C. l!l91 

~ 
I\) 

I\) 
w 



HnU1nal Aco4tmJ 1'rcu • 21tl Cao.,ll!ullon A.1e.ut, N.W. • l~td1lagt011t D.C. lHII 

NOTICS: Th, r1ojec1 IIIN A Ille 11bjcc1 o( lllit rcJ»lt WH lff(Uffil •1 the QgUfAina Jloartl 
~f lie flil11onal lte1Nrd CotmclJ (NRC}, wbrt11t membc1111~ draw fcoJll 1~ rooncll1 or tk 
N■1fcn1I Audemy t_,( Sl:ftt1"1, Ill~ Na1IC1111l Academy uf En1l11tcri14. 1111i Ille Jt11Ul1&e vi 
Medi:ln~ The aumticn of lho p1nd rc:q,ond!ll1 ro, 1llk repori 'lio'ellZ choaffl lw \heir 1pec 1111 
tolllfeltt1ee, n wilh rci.ard for ~pRipfll\CC babmcc. 'Illls report l, lite ret1(t ohw11t cloot 111 
m lllSepasdHI p,a.l &ppointed ~ t•e Col1mf11ec QI) Scwe, En1lnrtdn1, nd Pullllc Ptllcy, 
wbiclt h1 111t'llndltd lls nbJO Ill tho tiut,llc. 

Thi• ftJIOII 1~1 beat ~vlo•'Cll hy I l'Dllf flbcit ··- IN HlfloC'I llCC«l'd\q to pacelvn:1 
•f11nvcd by I R~porl llc\ote" Ct1n111l1GU 1rd ~ lht O>nl1nl1cc M .Sdtnce, Eftslnttdn11, tnlCI 
ttullllc Polk,i. 1h11t mnsi11 or mc11lcu or 1111: Natlo111'1I llc ■leu1y t.Jf Sckfl'.•c,, N'11.IHIIII 
At116:11tf o( f:ngl11.ter~!• 11n1I fRxlMt etf Mfdicllic= . 

1hc: 1111dy rc~!lrt1:cncre itl'ts mppl)(led bJ• :ho .u .. s. l!"llviR>!!!TC'ntlll t'•1111!;dan Afen..y. • It 
lllAO rud,cd 1up,011 fm,n ~fie Nalioll!II Jttsn«II Cot.lllril Fund,. 1 JIOIII or pn•tte, lllcc!ll)o•• 
1tf)'. ~oflftlkuf flllllll1 tl~tt i~ .iud 111 Sllflf'Ol'I • pJc:gr.am of J\(;nk~ IIVilkl ur ~11,»:ll in-.,i 
In ••ict-1C:ttlff ••d ledanolu1,- ll1iue •1pifkaall)I, lie NllC lluncJ co,ulsta ofc"l!Ctiblllfo• 
rrom I CS1fflrll11111 uf prf~t'IC: f'o11JCb1tlc1u f11:luliu1 dtc Cafnralo Co,,n,,..wn of New Y ort, lltt 
ctuvlca Ii. Clllpcpr, 1'C(lnifallan, 11te Wlllilm anJ flora ffc~cll Foundation. l'hl fal• D. •II 
C'.afller~ T. ~Atill'Jf fclindollOII. the A.nd111\' W, Mtllllft Poutdllim, &ht JlQLjarielklr n,.,...111111. 
tn4 ~11 Alfred P. 51f>lff l't1111d•1iD11: 111d •he Jkllfcnay lild ~rJ' l'ro.a,tm, "'hlch ,eek, 1n11•l 
i:onuibvl1o•s fT01•comp111in 1h11 arc coa~ncd wl1k tk• huftlt ol U.S. 1iClttl4'e Md k'dlnol• 
oar ,ait 'l'trh ~•ltli: p111lc1 fmx, •ii, 1uluX!hJlui ~•"'· 

1 IUJ ~• ii 111-lr1rfd 11t1 «.-:.dJ,-tt m 11·r,d ,,.,,,u·. @ 
LHir•ry or Ct111ircsa C:1lnl•&blJ•ll1°fu,11c11ta. lllt• 

Comit1l11tc 011 Sc hD."O, Enplftri11, ,nd Public l"nk:, CU .SJ. 
l'aalcf t1n,11clldin1 or G!cff!IOIIIC Wllfflln1-S,111hula Jlontl 

rctte, tm,,lk:ulona of cm:nh•,c w11'fl!ht1/ 
Policy rn11llcado11 nr Clrccnlo•• W1rn1h!1-!l7nfhrri1 P'11MI, Qim111ioe1 111 Sckfl<O. 
&t1l1erdq, 111d r..Hc PDtlq, Na11onaf "-k,ny fl 14:!nca, 
lf•ient ~, tf u.e,11,trtn1, t,11t11u11 ar M1~lia. 

p. ,m. . 
ISBN t-llW-04440-S: SIUJ 
L 01clbll ._,_,-Oowt,en1Clll ,ollc,-.lJnllN IUNt, 

2. 0.111ho1Ncfflcl, A1moafherlc---Oon111111e111 paHc,-Unllld Stue. 
1 F-'lriroa1111nral ptlky-Ud1cd St•1I L Tide. 
QCHU.83'W mH 
J63.U'lll-«20 tJ,1977 

CIP 

C'°"ti11.! 0 19'J II)- s)e NuiNltl Audc,ny ar Sc~ ... , 

Na ..-n af tllb baol 1111y le rqtoducd by •1 mcclm,lcat,, ph1101r1phlr. auleClll'llllk p,o­
uu, or in •~ fllffll oh pll11tqff'f1Uc ,ccurdlnl, nor •¥ k he 11ad f• • nerkwl -,,1..,._ 
lrllllfflllled, tw llllhu•l.le (q.llcd fr,r p1tlllt flf'ptlvtte aa. wllho111 Wltleu pcnni,alm Cntll 111' 
p.WE,1..-. tJ1cert ktr ltr pnpo• al nlRrilll • ,7 1hc UuJied ,,..111111 Oo11U11u1•. 

POLICY IMPUCA.TIONS or GREENUOUSE \VAR~HNG­
SYNTHESIS PANBL 

DANJBL J. EVANS (01aino1n), Daniel J. Bvan~ & Auocfnt~,. Seattle, 
Washingt(Jn 

ROB8RT McCORMICK AI>AMS. Secrelary, Smid11oni1n ln11i1111io11, 
. Wuhlnaton. O.C.-
GeOROE F. CARRJER, T. Jeffenon CooJldac Profenor of AppHed 

M11bema1Jc.1, Bmeri&11, Har,ard tJo!vcrlil)', C1mbrld1e. Manachntll.\ 
R[CHARO N. COOPER. Profenor of lcollomil:$. Harvard Uilivcrslty, 

C'mnbridge, M1JAac:lul1et11 
ROBERT A. FROSCH, Vice PrcsJdent, Gcrtetal Motors Research 

L:iiboratorict. Wa,rc1t. Mic-hrpn --
THPMAS H. um. Protuo, (iineritul, DepDtlmCIU or fJectfical 

B:1116neeri15 and Computer Sclesiee, Ma~achunn, Jnsth11tc of 
'feduu>lc,iy. C1niJddg• 

JESSICA TlICHMAN MATHEWS, VicG President, Worfll Rcsourc~ 
l1ulilllltt, Washlrt&ton. O.C. 

WSt.UAM D. NORDHAUS. ftiofes.oror Eco1omic1, Yale Unlver1ily, 
Nev, Havm, Con11ec1k:,n 

f10RDON tf. OIIAl'ifS. Pmf r:ttor of Zoofoll.)' and Director of tht Jnstltut~ 
for s.iv,ninmental Stvdicl, liniwraiiy or Wasfi!n;ton, Sc.tile • • 

STBPHEN H. SCHNfiJDER, Kead, Jntcrdiacfplinary Climate Shlfle1, 
N1cional Center foi Atinnphcdc Rcscatch, Boulder, Colorado 

MAlJRICB P. STilON<J, Chair, S1toYC1t lfuldinas. lnc., Onawa, 01t111rlo 
(nsJaxd rrom panel FeliJuacy l9to) • 

SIR CRISPIN 11CtmU.. Warckm, Orecn College. O.dn1d, lin1land 
VICTORJA J. TSCHlNICEL, S.11lor Cen1ul11111, Landers and P111ona, 

T1Hal1uaee, JIJorid1 
PAUL E. WAOOONO, Dl11i .. ubhcd S:lealist, The Connec:dcst 

AjJfcultural l!Jtpmmc11t Station. New ff■wn 

Stall 
ROB COPPOCK. St1ff Diroctor 
DS80RAH D. fflNE.Sttft Offlccr 
NANCY A. CROWELL. Mmi1>l11nativc SpeclaUst 
MARION R. ROBERTS, Mmlnl11ratl~ Secrclvy 

m 

~ 

~ 

~ 
I\.) 

~ 



60 ,oucr IMl'LfCATIONS OP GR.EI!lt'llOl/3£ wi1n.wu,·a 

TABLE f.l Col<-00-ectivcncn Ordering of Gcocnainecri111 Mitig11tloo Options 

MlciJ11tioa 01Mlon 

l.<lw sttalOlplleric IICJOI 
Low lltllOfpllcrlc d1111,1, 

• tn:ran delivery 
Str-lOSphc rlc: llu ll 

(g11M or h1llC1M lift) 
ctnw 1rimulalcd by 

pwvlsiMI ar ~laud 
~cnsa1hm nude! 

Sl!tnll_hl!lM of o~a,n 
liimmm will! boo 

Slra~ n•~Jleric llubbl, s 
(1111ldple blll111m1t 

Spllt"C rnt rron 
A 1m()IJ)herlc CFC 1c I noYitl 

Nel lmpfeminta1lon Poreodl'.S Eminion Mltlg:itlon 
C• (I COJ c.quiYnlenl Jm 7ear} 

Lov 
Low 

Low 

Low 

t.ow lo motlu a(e 

Low co nod«tle 
Unbow1 

8 billion IO l5 blll lon 
8 l>lllion to 10 bUl!ou 

4 lri II ion ar ll'IOu111 cle,hd 

4 trU,ion or 1mow11 desired 

7 ~illioo 011n1ou111 dulrcd 

4 1.t illiori ·or aiwt.ul d1Uircd 

4 ·,dUfon or anioun1 detlrcd 
Unkno,,..n 

){C)T6: The feuiblllcy aid pwdW11 •ldt•ttr«u of 11le1e gcue111lneedn, up1k111 are 
peorly umkntood, Their pttnlMe effects .- tbc ctltntle SJ11&m •• l111:le111Js1ry 
neell ~1111\tcnibly moi. ,clld:, •rt mcatdl; T_l11.y •ltull)W ltOI le lm,rcm.,mid wilh­
ooi c~rt'flll IMOr.mtem of ihrir •iK"U an, lntirccl COMCqumce,. 

ee.&-dr«clvt11m a,r .. tci1 arc e11tcgurita1 11 c:llbci u,l..,. trct let.t wn 0). 
low (0 so $9A C01 11quhr1lcntl. medi:nlcs "10 to H9/t CO2 ,talvllult), or high 
(>SH~ C01 t111lvalcnl). P\J1en1fal enlkllon •arhtp (.elfrb ill MnDI CIIII lacl•do 
tlCIC fSl\ly 111, anl11 •l trablioas. bin Ibo chui,n 111 •1-•pllaic CGICPlratfGOI .. Na~y 
let 1hc 1lmN,.,_rc--,ttcld rar che ieacn1lneerb1 q,1tan1 we •I• '1anW11. Thao 
lll(IODI do nm Jtduce ,. flow .r cmlsllanl (1110 d,e IIIMtphm:: bul ll'lilcc' aJic, Ille 
.... et'Wlrllfq lff11tliq frOlll tlolc: emwdou, Mt1lpll111 o,rto111 ffl JJIICN In 
erdrr al ,"OM..rrec1lvena1, 

Tite CO,-cq1tvake1~ ied1l(llllftl 1111 cJC111ml11ed by 1:1ftul11dn1 the eq1th1alt1tl 11:• 

ducllo11 In radlttlwe forrln1, 
Hett ... , lfuoupoul cltb 1ep11rt, 111111 •to lltcedc. 

SOURCE: Cbapttr 11 m tlle aepor1 or ,,c Mi1i1~11Jon P1nl 

COMPARfflG 01"110NS 

Table 6.21h1twse1tlnwc,arst COit 1ndcmllslm reductions far 1evcn.J 
opdn111. t, mu1t be n,plluilfd lhal Ille lable prHUlfl lhe p11ul'1 esllatarcs 
ot 1hc red11tcal poicndat for oach u,Uoa, Fo, oa1t1ple, •• c1lc..il•1loo of 
CN1•efl"ee1lva1n1 of ld1h•effldct1cy 111•1 bulbt (Ofte or llia 11Uildn1 errl­
r:tettCl' <11JlllM11) doea nat rondder whether Ibo SttplllY of liahl btlb1 c,,ould 
inuc rbc demand wl1h ~urren1 procJ11c1ia11 c,1pacf1Jc,. It doe, ll01 cnnsldcr 
•t1e,r11clc-urf b~lwcen ~xpcnditura on tiglu bulb.I mil on health can. edui:1-

MITIUAT10.V 61 

cion, or batlc shcltu for low-inoomc famities. Nor dues ii co111fder us­
dleric {S$UU nbnul 4iffcrcal sources of Hlu1ni11alion. 

Care m11s1 be taken In developins such a table becHse rime i, some 
"dooble-counling" among potential ndt lgntiun oplfons. for·exampk. • 
i111plcmcn1ation of bo1h die r1uclear and lhc 11aturol p.s entrgy option, assumes 
n:plaC'cmc111 of tlto 111mt coal-flred power pl•n~. n 1us, 11imply 1umn1ing up 
rho emlsAlun reduc1lon.s of all oplioos 10 aivc Cotal ldvctio1 in emis5lonr 
would ove,slate lhc aclual polendal. The optioM preser1red in Tabh: 6.2 
bavc beta sclcctad lo cUmfoale doublc•c041nli11J. 

Finally, 1lthougt1 I.here i~ evidence tlu,l_ c:trtclcncy ptogram, ~•r, p1y. 
there Jt 10 field evidence shoving 1uwcss wilh proB"am• on Che massive 
1e1lo 1ugesied heJe. TheB nuy be very good ti:1Mit1' wby options eithib­
itiog oet benefit Ot1 !he IabJ1 au ll<IC fully i1t1plemt~ted toilay. 

PiJvrc rt.3 U1as1,ue11 die rosuh1 of dlffer~nt rales of hnpttmen1ation of 
thme Gprions. The -1any u1K"er1,;n11c11 In tl:ie calc11 facionj or lot1' r.os!~ 1111d 
emiuion reducti1J1\1 bale hccti collap11ed into two lines. The liec )abe!td 
"25~ tmplerncnlllthm/High Co~, .. 111sume1 incomplc1e hnplf:mc11btllon or 
eich updo~ (23 pcucnt 1m,1e,ne111Rlhm of fcHiblc opporl«milics) :ad lbD 
high end of du:: rang, of c;(nl eslim11c1 for ruat option (lli1h catl). nls line 
:sl1ow• ii Jawer l,ouiid of wbL ts ru,unablc lo ncbie,c, The li~o labcfrd 

.. 

I 
... I' 

... 
·••· • • ♦ • • 

IVllll0ftUOIM1011 ~11mC0. ........ 1111t1■1S) 

flGUR& 6J ComJJarilOII of qii1J1•1lnn opllnns. Tacal pntcnd■J rccfurliol\ atC01• 

~l.alM1mlsslcnij1canpcu t1,1h&CUilll lndClllarw re, con of C.01 rcdcsla Opdonl 
1tt rattud ho? ten '° 1fah1 h1 C01 cn1fuiont Rtctlfdint 10 COJII . Some optioas sho., 
1hc posdblnt1 or reductlon1ef CO1 emll,lus •• • ncl 1avlnp. See ICAt r ur capta­
milon, 

S1111C'fi: Ota pier 11 of 1he report ur tfcc Miliga1lon Panel. 

.... 
(SI 

.... 
I\) 



62 l'OUCY IMl'UCATIONS OF ORl!ENHOUSE WARMlllG 

, .. 

•ICO · ··- --···- ·· ~---- ·-'· ·- • - ~---·-- ··'"'' " ' ···-··---··· .. - ·~--- ·· ··- · ·---·-'-' 

t ◄ • _, 

EB!IIOW IIIEDIICCIOW ibllXI 1'&1 CO, ~P• P'II 

flOURli 6.4 c~rnpdron ot rof1lg1ti1111 apti01&1 udnt 1echnuroaic1~ cos1li11 and 
CA«if medoling a~liont. 

SOl11tat: Ch1J)ler I l of rbe report« tbc Mlll1,uon 1'■11d. 

"I~ l1nptancnta1lon1Low COIi" assumes complete l111pleme11ta1loa er each 
opdon ( 100 pircent lra~tement11Cio11) c.mblocd with me low ran1e of cost 
e1th11te1 for 1l11t optioa ()ow coil). Tbf1 line i11dlc1t111 tile upper bo\.lld 
thal coutll be aclllnDd wicli 11l op1lon1 1howft. A contplete analylls wo11ld 
catcllla18 •pproprJ1t.1 l01plcmcnt1tlOA rate, for 111:~ oprlon. 11aat 11 bo)'Gnd 
11'e srope ofltlluwd1. It •hn.S lie aaUl1lc 10 acblcYC emJ11lon reduclkm 
11d coat resulll roaee whe1e lletwcen the 1 'lt'O llne1 In flaunt 6.l. • 

A, polntc4 a&I earlier il1 dria cb1ptcr, t«fu19lo,lc1l c•lflta and cne11y 
modclln1so11tthne, rid• dilfamt raull1. An lltla l'NIOR, bcd1 IM pllllllled 
In flauia'-4. 1111 •1tot1 lmplema111tioNl.ow Cost" nl "2l~ llnplemenlatloJv 
Jlah Cott .. cune1 ue cp,:1led froc11 Pi1ure 6.3. and the r••ae cypkal uf 
eaerg metdelins I, -hown. At c111 b1 aeen from Plsan 6.4. 1ha United 
Suua 1ho11N be 1ble 111 actafeva 1t1bll1n1l1S reducllcl\ In gnenltou.ie la■ 
e1>f•lon1 ,u low coat. or pcftllJII ~veo I sm11t 11el uvlug,. 

lMPLRMINnNG l\UTIGATJON OPrlONS 

An tm)' of 110Uc7 IPJfrun•n• of two Jiff emal typa a~ 1'4■lllble: rep­
J11iou an, l~n1lve1. le1Ltlnt<1ry IMCn&1ncm1 rniuldaie aedo,i and laclwe 
con1mf11 on con11at1tJtlo,\ (b1n11. ll11ota11. rett1Jired pwduct a1rrib11rc,,, prod1Jc-
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tlon (quotas on producla or aubstallees). end factor, in design or produclion 
(efficiency .. dmddlity. procems). lncenltve lnslrumeats are designed co 
fnflaeact ded1fon1 by it1dhtd111f1 and o,pn1zatlans and Include IUC$.and 

subsfdlc, on produlltlon fae1on (carbon 111. fuel tu) Md 011 products and 
otl1et outpu11 (tmi11ion tt11u, pradud tiles), fil11nd1l iaducemttt11 (lax 
credi1, aulutdle1). and lrulfertbk emission rishts (lrldabt, enlllslon re- \>II 
ductioa,, mdable cldi11). 

Jn1eneo1lon1 II all t,vcll could cffec:1ivdy reduce 1rccnbonsc warming . 
.for cumpJe. fndMdu1ts cou1d ~e ener1y cocisumptfon. iccyclc goods. 
and 1educe con111mfdon ordlklcriot1t matenaf1. Local aovtmtnenu coiald 
c:<>nuol c,ninlo11t Imm buildlnp. t11n1poll fleet,, wura ptocessl.is plants. 
,nd landfill dum_pi. Stale 1ove1naneor, coutd rt"_r1te1ure el_ecrrtc: u1llby 
prici11g itructurcs and slimul1te Ii ¥1tttl)' of efflcfertey incentivt!s. Na1lo11ol 
JOV~camenf1 coafd pwrsue 1e1ton io O'lott or the puticy trCAs or rctwance. 
fliierli211i01,a1 <i<pnir.11tiotJ• c«>sld QlOrdinlde p,ograms in various .p,r~~ of 
tlle worlcl. mantae ,,.111ren or raowce1 and rcchnclogla. ■nd facililale 
e1ch1np of monito,1111 and otbcf relevuit d1ta. 

nc choice or policy inatnH1cnt dcJJen«M oa tile ob,cclfvc 10 be acned. 
Allhc,u,h 1hb analrli, of mftfption op1i11111 cioa not inclucle al posa illl111ie1, 
tke panel h nopcfot dtat 1c doe• idco1f(y tlie motl promi1in, optloos. Thi1 
analyali provid~ die bo1in11ill1• oh stn,ccure and • process for ldemlfyinJ 
ahuic :;Uisle~ie;$ d iAt \X#uld ~flfll-.;ip,·iet~l, n\tiljliic tbu ;>fV&l)e.:;t 1; f grecilhou~~ 
warn1J1i1, 

CONCLUSIONS 

Thefe h1 a ptleRlial 10 iicipenaively reduce or offsa 1menhouu: gas 
c11i11lon• In 11\e United Sta111. In p1r1tcular, die ma:dmwn ft11lble paten• 
1i1l reduction ror the apllons labclcd ·net belefir and "'lctw CDll

0 in T■b~ , .2 
rc111J1 ahout ),6 bllUan IDn8 (J.6 01) ofCOrequlvalitnl emissio111 per year. 
(lferc., a1 eJnwbere la die report. ron• aro mecric,) 1bi11 Is a Hille more thin 
01e-d1Jnl of the rotal l9'01n:onbll6IN gu cml11kKlI In CM Unked S111n 
a11d rcprcaen11 u q,dmllllc upper bouad an whit cciuJd be 1dlleY~d using 
tlacse cpeloRL 

A. lower bw11d au be eatfn>atcd from fligure 6.4. Arl>llrarily ud111 • 
c11toU or beswecn $10 ■nd S20 pet 10n of CO1-eq11l,alc,11 cmlMiao n:duc1fon 
W1N11d produce I tevel or ah)11t I 01 of COa•equlYalent c11lsslons per yeu, 
or• tlllZc more llaan 10 perccnl of cuneal 1recntimn a■- anl11lo111 In dle 
United SIDies. • 

1 Thl11 aNlyti1 1uaie1u tMi 1t1a Uatted St1toa could ,educe lli Jrc:enho111c 
8111 a,iasloaa by l,e"'een I It 1tld 40 pcrcea& of Ch~ I 990 level al \I cry li>W 
ccs1. Some 1cd11:tfor111 111oy ~ven be nt a n~• nvinss If tlc proper policie! 
are bnptcmented. • • 
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104 Af'l'EjllJ/X A 

Ti\ULR A.4 6~1ima1ed l98S Global Greenhouse Out Etltissioni frona 
Human Accivill111 ___ ... __ .. 

- ··· 
Otee1-.nm 011 COt'ctJ11lv11le11t 
lflilulolu tM1/)'r) Bnduloru- lMf/yr) 

---·-···---·-···----
CO2 f,mJ-.ioiu 

C011mmclll enerJ)I U,IOD Hl,Rro (l7) 
Tnpkal def oreA&1tlau 2,60t 2- (I) 
O'1et 4(11 400 (I) 

TOTAL 2.l,ROt 21.800 (66) 

CH,. Emlulooi 
Fuel p ioltucriorl 60 J.300 14) 
Eftlcric ferinauallot 10 IJOO m 
Rk~ c,idv1tir,11 ll@ 2.300 (7) 

L111ifO"' JO 00G ◄ 1) 
Traplcal dclOJClltarloR 111 400 U) 
n,", .lit 6IIO (2) 

TOTAL 3'211 6.100 (l(J)• 

O'C•l1 and CFC-U 8'nhdoas 
10TAL 0.(i 3,100 (In) 

N,O ~btkt111 
Coal comtw1Jr>A I 290 (>l) 
fel1U1J.tr 1110 I.S ◄•u (l) 
Gain rl culd•a&cd l•nd 0.4 1?0 t>H 
1'iopf~ lfefaftlt1lhtn 0.5 uo (>It 
fuel waCMI aml l11d11td11 ltllll'IU151 0.2 6U (>l) 
A1ric .. 1vn) WltlOI 0A 110 (>1) 

TOTAL 4 l,)IO (4) 

TOTAL )2,810 (100) 
--·--·-·----·~·····- ..... ,_,._ 

'l(.'O.r-«'llul,a1mit cautilffll • ca1atlll&ed rrum tbo Orccnllv1nc 0. &ils11lua 
uslwan llir U11n1 11w: M101'Jn1 ,111,ldpJlen: 

COi • 
CK_. 21 
CfC',Jlind-i2 5,-«IU 
ff10 290 

!ftnalxn In 1111a1fJCar1 art ,erce,ii.,u or lettal. 
tfoi.J loe1 Ml Mn due to ,-1c1,1111,ran. 

IIOtE: f.t«lyr • 111UliM fJO') 111eri: IIIPf (I) pet ynr. AH entries ue raundccl h• 
CIUIC $e UKt l'.lfUU •re conllVYfft 1'1. • 

Sf)lJRCf.: A1~l flN11 U .. 'i. DepH!mtnl ofli11C1&7. I~. nt'Bcri11tllt!lc-.J ,JL01111• 
Tu1fl Olul1tJI C:ll•1t C'ho11~! ,1 htli1Nlffl'1 ,b.1rumttrt-lttpnn 11/ •• l11tma,t,rcy 
Tlf1k Ft•trr. S11rll1J.fitld, Va.: N11tio111t-Technic.l lnfarrrwlon Sen Ice. 

*. 

CO2 tha& would procllc-e the same 1mo1tnl of forcing 11 1'1e 1urf ac c il calc, 
l111ed. Thls it the CO2 equtvafenl for that spcclnc concentratiO!l of tM ctl11 
greenhoon pa. 'Ille mpccllv~ ~os&1 p:r con for dirtercnt gpli1:ms call lb( 
tic Ci!mparecl directly. It is i1aponnn1 to recu1niH, however~ lhal 1he1 
calculn\lcns ulluw COlnj>ariaon onJy or iniliat c~n1rib11tio11r. They do " 
ac:cu1nt fur chugca in ene11)'•lfflppin1 effcctivonC!IR ove, th various Ii$ 
1inc1 gf these &tlCI iu lht llm01pficni. 

I 

3$. What n,J1lia1lan t1ptioH art 11011 ct1,Jf·tfftctive1 I 
Tiu~ panel ranu op1ions for r~dKhtJ .l{&Cnhcxuo ga emJsdon1 o removh 
grec11hovsc awaes rrc,m 1h4 llmmphere accord{n1 to their cosr-er~Uve1te1 
Some of thne <,ptlmls ba~ net ,aviiw• nr very low 11ct l11plpnen111it 
co111 ·~rnBpared to odler fnn1b:uenn. 11to opliens ranio fMli BC\ aavm,s 
taurc tb•• $100 pet meuk: &an.of C01~ul.-Jlent cminiCJlfl evo)dtd or , 
,no~'4 from die atwio.pllere. ~ mostcott-dtctll'i~ mitiplion bp1i<>nc; , 
rxtsenrc4 In Table A.!. j 
.16. \VMI or, u1111tpla a/ opllmu wlllt 161·1, pu~n1i11I /fl r,Ju~ or •if/: 
wlnw•? ! 
lha •-c1Ucd poenaicicc,lag options ha,c !he potential uf 8lll>:au1ntia 
Df'fetdn1 1nno1pheric: coocsnuatlon, cf irce11J1011CC ,uer. Ther h11ve 1 

11bitFty- ·10 ic::rccli incomh•i ·surJJfJhl, a_11in,~1e ~l)f.tke uf _C01 by" pl,ttt !! 

anhrul1A ln &ke cccu,. w mnoYC CO2 rn111 the 1t111osphcrc. At1hou1h tll 
eppcar ru1dbto., m.y r14ulrs ■ddltlonat tnvaliJllion ltec1u1c of 1acir pot1 
lial ct1vlnmmcn1aJ impa«:ls. • 

"Tl 
J1. Hmv nr,rd w•utd lr ,•o£t to slinl/lc.mly rtduet nrr,iu U.S. 1re11CJ 
Ju.uut 161 tml11Jon17 ~ 

h dcpe1tJ1 on lhcs IHcl of e,11l11ton reductio1 dmhcd ud huw ii ii ckl 1 
The most coat-effecike oi,tlona tte dloa that adlaace .Cfielent 111e of.~ 
e,u: effic~11q, i11pAMm011U ht liyltln1 and •wtl1nca. wt.i&e roor, , .... 
p1vi111 to e111t11eo rclw:tlvity, all4 Improvement in bun111n1 an4 cans1r -P 
lion prslicea. . j 

A11nc A.◄ compare£ mJtl111ioo o,,1iou, and lablc A.S Jifta n1e ,-ni ~ 
e11unatt1 or net call and c"'l•io• reducllon, ror 11tveral optfoas. la n ~ 
be cmpujad tllll Ike 11blo prc1G1t1 lho p111cl'1 e1tlm1iM of the nruln U) 

tec&nf~ pttcftllaJ for cad option. no calcul■tlon of CC11r•efTectlvcneM qJ 
li1Mo1 effldmc:y, for exanplt. clocs DOI COlll&der wlMI• the ,uppJy .... 
li1h! b~• could .el die dea&nd with cum:na producciolt eepacillet. I ISi 

doc• ii consider ,._ 11141:-off betweca opea.litutea on li1hl bulb1 and yj 
lle4llh can,, educadon, or bl1ic 1hd1er ror low-tncom~ familic,. Jn Iii ....J 
t1on, there is a danger o( somc •doulde c:ainlinJ." fr>r e11mplc. in 1hc ,~ 
llf energy supply both ttudcar and natural ps tnergy oprlons 1sse1inc ~ 

. . tn 
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TA. 81,F. A .5 Complriauo of Seleckd Nilipticm Opfi0111 in the U»itcd Su1c1 

Millpllon 0Jll1au -----
Butldln, ~neray effitlcocy 
Vd1lclc effldtlle)I (no l1erl cban,c) 
lml111fcMI eaer&J iu-,1mcd. 
Tr~1s,armlon 1)'tUlm m&N,eme11t 

Powtr flint II 
Land_fi1f laJ <0llectfoa . 
IUloc~PC' 11UJC ltdti«lun 
Afl'k..-uM 
Rcruraudlon 
BkctricUy MI_H11 ----

· Nee Ja11&1l~l\llllion 
cosi• 

NOi heliefit 
Nd be.ant 
Net hcllcfd to lttw Clllst 

"'"' beaerll to lliw COJl 

Low COit 
l.mYNlt 
Low con 
Low t. modmlrc (OIi" 

Low 1-> tMderatc coat' 

•ffe, beJJCnl • COsl 'Im IIJtft or CtBlll to JeeO • 

Puleolitl Blllis.slmrt 
RedllClion 
(l co, cqulv1lcnt 
per )'Cir) 

Sl(IO aHllcl\" 
300 11flllo11 
j(J(Jmllllun 
JOaaflllon 
SO Mltlicn 

UJO"' 01, 

l41to ••itUon 
zoo· mifflo.n 
20UmfJlton 

1000 ,idflfon; 

1AW COM• colt UtMel SI 11111 S9 pa 1M .t C!>i equJn.l1ml 
M~•te "°''. COit lflWCCII SIO •ad $99 JIU tttt of co, equiYIUftf 
Hiall mil • COM of S&Clhunik-c- FU' wn &r C'01 ~'llli~twt _ . 

•11111 '"m••• fealMe" poccn1l11 omfm111 n41c:tlon 111umea I 00 pm:C1:11 
lnplttnal11llOI "' tKII ·-k ttllOCllbto 1pplkatlo1tuad 1, It opli8'illlc '"lipper 
lmd' an emlukn rc.:tfons. 
. t'flh depcatl,, 00 cllc IICHW ilnploMQkliacl lcffl D\ 11 COnlr~'CfflllL 'fth 

rqNCIIGI I a .Wit v.i.e ol )IOlll1t1e nra 
4,._ t'°'1kwdo fall II& faw colt, bul ii 11 fllll p,,i11Mc 19 dCICnlllnc die 1nu,1D1 

of redl&clftm thlai ... !c 1111111 COIi. 
r'flls ,.,l:ldll rini.tim MIClfcn fGt elcc<ckhy ••r,t, oprlaaa 1a ac111.&l), 1100 

ltt a>, CQDIYa1-t ptf year. lttH 1000 Ml ll Ilion kcre t• tefflfte hi -bk• 
COIUIIIII effctL 

JfOTI: Herc IIIUI ,~ *ls xpor1, 1cm a llldrlc: 

IOUICE: Dlpler 11 of the MJtl,ltla1 PIMJ ceptel. 

vJoccmcat .t ••~ 1u1e call-fhcd powe, plan1,. Table A.5, ~iner. pre­
reftll Olly 0$11lon1 that avtid double COllltl.. fluUJ, altl1Dtlfh IMII fa 
ovliteal'e lhat ofltclency propa11, can pay, dlece 11 • fJcJd t\lldnce NOW• 
lt11..-11 w~ rm,r11111oa 1H lftl1Slve ac• 1t11p&tll bite. That lion 
ffll1 be very ,,_. 1Rt11n1 ""1 -n,pliwe CIGl1 opdN.1" on ,111 Dpase art not 
1mplcmeased tGd1y. 

11tt Unkd Stale& could reduce its grcel'tht•te ps etUhdom by between 
10 Md 40 pc,cent of 1hc 19!JO leYeJ1 ii low cost, or pefbap1 some net 
aaYhlai, if prgper pollcles are implemented. 

ltfPENlJIKA /(1, 

ICO 

eo 

I : L..~.L. ______ __.~::::::=-'-o~::::-_liOr'K._-_eo_.i __ 

ft .• 

.JO 

· ltft · •·~ ·---__._-~-· .. · •• .... 1.,.. ,. ... ~- -
0 i ~ • 

!OK .-mill U.S. CO, 
...... lf!Hi.s!onl 

DIIIMIM ftflJUCllQl'f filotlo-a CO, fljll•t~'t r.• t•.r) 

FIGURE A.4 C.ooiparltan of mi1l1~1Jon qtClou. fotal po1arti1I ml1tt:tlon of C 
ecauJw•• .,, .. aCC!ltptttd Co bi:o.irtlrt dolt.rs per llWI otco., rclhx:tlon. Ot1 
an: ,anicc4 ftUDl left to rf&ht Ill COj C111lHIDoa ICCGldln& iocost. Svmir opOant r 
,11, poss1blthr ti rtiodlon• or C01 cmls!iool at , n~11avlnp. 

ijOUR.C£~- C\t3P!c, r, t ~ tbc RIP.Qrl &f Ifie t.tlti3a1lun Paucl. 

ADAPTING TO Al>UrrIONAL ORIKNHOUSE WANMING 
'Tl 
I 

J8. Wlll lrmuiR '"" 1,aturO/ £)'1ltm1 ttlapt wi11fo111 41J.sl11111c.·, '! ~ 
CS) 

famttrt adj111l lllefl CfCJNI and eu1dv11l110 practice, In ,esponsc 10 wt-1 
p&Uenii nu time. Natllffll ccmy11ecm al., •pt to dlai111n1· condl r0 
'111c n.l !11ut ii tbs rate al which him• and 111iural 1y11ema wtu be • ~ 
14Jw•. J 
JP. Al wlto, "''" iwn 6am4Ut t11ed 1111t1iral IJ.lltlt13 dddltll ~ 

Many blnu t)'StctM ba,cctechiolt and l1vestment cycSc.l lJta ue ,~ 
dlM tho dmc ln wtilch lmpac:Cs of clhute cblllJD would C nu --J 
Tbele t,Slcmt in fie UuilOd Stttel lha.ild bo awe co adjust to f m 
dluae wkknit pwm2rnesul intctvemlaa. 11 long as. 11 ii ~u•l , -u 
fOffllllfon 1boul Ille nacs Qf chqa Is wtdcly iwai\alR. Thil apr :si 
apkutllft, connudll folu.-Y, and molt of JlldutlfY. Jaclusll_i•I _ 
wt1J1 wrciuly 10111 ifwealMnt cycle, (e.g .. trlASporl system 11, orlJ• ~ 
1h'Ul:tare, and m1Jot •lmctuces anll racU11ic1) or r"C41irlnJ ldgh volt .... 
waa,r may reqi,ire si,ccia1 1r1t11tion. C-Oas11I utban K1tlemc1\ts w ~ 

Df 
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Al'l'l!NDIX A 

T ADLR A . .f 6~timaced 1985 Olobnl Grecnbo111e Gu1 EmJssion,; rrom 
Hu111nt1 Activities • 
----------·· 

a,~e•hmue OIUI CO1-cc1u i nltlll 
EmimoaL,. (Ml/yr) Bn1i11io~ (Ml/ye} 

---- ·--· ---··. 
CO: Bn1l.v.io1111 

Cona,iacrcial c11ergy 18..RDO Ul,800 (57) 
Tmpic•l cfefo,es111tlo11 2,600 2,600 (8j 
OtJLer 400 400 (I) 

TOTAL 21,800 21,1100 {66) 

Cff~ EmiS11iom1 
Fue1 procluctioo GO 1,300 (4) 
£nle tic (t11ucnlalio11 10 , .. ~oo (l) 
Rice c11ltiv1tJnn 110 2.300 (7} 
LudOllll JU 600 (2) 
Trupicfll ddomt■rlon 20 ◄00 ()) 
Other 30 600 (2) 

TOTAL 320 6,100 <20t 
CfC•I J aud CFC-ll Bt11i•iioa1 

TOTAL o.6 3,200 (UI) 

Hp En1isduo,1 
Coal enn1buS1iOA ' 290 (>l) 
Fer1i1lier uJ1e . ., 440 (1) 
011111 c,f cultl\'Alcd lan4 0.4 12U (►1) 

1;topic41 det'nresu1tlnn 0.5 150 (>l) 
Fuel wood uml indn•Ui11l l1lom11H 0.2 tu {>U 
Airkultural wutu 0.4 120 (>1) 

TOTAL 4 1,1,0 (4) 

·rorAL 32,1110 (100) 
·--··-····· ·----·--··· -

''l"02-t111uvalc111 cml•lm11 arc cnh:nlntcd rrom 1t.c Or"nbour.c Ga. Emlsslm111 
c:nluuln by u5lfti rhe rult&wins mullip?lcrs: 

c~ J 
CR,i '21 
CfC'-fl nnd -12 :MOU 
H10 290 

.Sumbcn lu pueit1he1e, nrc pcrceullJCII of total. 
',' oral does not WIil due te> rou1ttfin1 errors. 

MOTE: Mt/yr= millio11 {1~ mettle lotu (l) pet yur. All entries are rounded t,e. 
cau,e 1J1e eiutci v11l11n ate ,-on1ro"(ni~l. 

SOURCE: ll.1kt1"11Cd rm1n U.S. 0CfWlmcnt ofBnccu. 199il. T/11" lknmmtfr..r <1J LMIR· 
1 '1111 Gltl/1t1I C linrn~t Clllltl/l~: A l'rtrlrnl1'tHJ "''"$fflltlll-Rrrrm ,,Jon 1 nt~ro,r11cy 
Ta11t Fttrrr. Sprl111fidd. VL: N1111011al Technlm fnform11tlnn Scrvlcc. 

,lll'£NDIX A IOS 
i 

C02_ d1a1 wauld produce lbc lHlC amount of forcing anltc sur(ace Is cllloo­
Jated. Tni• is the OOz equivalent £or tb11t .specific concentralion of th~ 0tl1er 
g~cnh~e au. 'The rupecllve cosll per ton for differc11t options. can then 
be c<unparcd directly. It is i1nponAnt to t~cognJzc, h~wcver, lhat d,ese • 
c1tlculaU001 allow COIAJ>arllon 011Jy of lnilid contribution.s. T11cy do not 
accuunt for cbimga ,n enc:rgy-tmpping effectiveness over 11te various li(e-
1imc1 of ll1e1c: pses in 1he a1.m.aaphcre. . 

35. Wlrat 111lllgali011 oplltmJ art-nunl co.,t•~fftclillt'! I 
The panel ra.0k1 Gptio11s for ietludug grunhousc Jas eminlon, o removing 
grecnlouae paea rrom the atmosphere accocdiq to their i;oat-efftctiveneu. 
Some of the1e option, have net 11vh1p or very low uet imp!f ment11ton 
ai,ts cmnpated rootl1er lnvuunenu, ~ option• range lrum ae\ KAvlngs to 
murc tb111 $100 per metric Ion of CO1~quivalcnt erninions 1vo)dcd or re­
moved from die 1tm01phete. The most cost-erfccdve 1niti1otian bptiom1 are 
ptucntc:d ju Table A.S. I 
36. \Vha1 are uamplts oJ op1ion1 with /(lJ·gt pdtimiul lo rrd11,·t or o,D'sel 
~ml&.dont? l . 
1Jtc 10-culleiJ acocngineeriug options have 1he polcntlld of 1i,1Mrta1ui1fly 
_ 1tffec1ln1 11mospherlc conccntratlan, of greenhouse gue1. Tb~y hue the 
nbifity tu sc,een iai:,11ni111 ·sunliJ.bt, 11llmulate uptake or CO2 by'pl11n11 and 
nnimals In the oc,eans, or remove CO2 rrom the •tmosphcre..· A11hough tlley 
11ppear r~uiblo, they requlre adclJtionat i~vl:-'tiaatfon because of their potf.n• 
tla} e11vlronmental impacu. 

~ J7. How r,rudi iw,r,id it ,'V&1 lo sl111ti/tcan:l1 rrt!M~ ci,rrtllt . ()_.f. gret11• 

~ • lu111tt ga1 tmlsslons7 . 

II depends on lhc level of cmlnion reducUon desired and btlw il i.\ done. 
The most cost-effective optfon, are those 1h11 enhance efficient use of en• 
crgy: efficiency improverncrn1 In lialtth1g &Jld AJ,rli1nce11. white roof5 and 
pavh1g 1t> eubance rencctMty, and improvement in buihUng and construo-
tio11 pr.ie1ices. . 

Figure A.4 comp11es mitigation op1ioru, Ibid Table A.S give~ lhc panel's. 
estima1es of mH coit aod emlssiori ~d"clions for several O{'tions. ll must 
be emphl'l.sl.iod dial 1l1c: 111ble pn:scnls the panel's e11lim11e.1 of the n1oxinmm 
technical potential for e11.ch option. Tbe calculalion or ~t-effcctivcness or 
lighting efficle,icy, ror eumple, does not consider wbelhcr lbc ,uppJy or 
llaht bulbs could meet the dcmlfld w11l1 current producclon capacilic:.s. t-for 
dou ic consider lho lndc-off between expenditures on li1ht bulbs enc.I on 
beullh care,.educatlon, or basic sheller for low-income farnHic:s. In 11ddi-
1fon.1here ii! a d1ngerohomc •double countlng." For eumple, in the atrea 

• C)f energ)' cupply bOII\ nucfc•r. and 111tun1l gas energy Ofl!ions assume re-
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TAUl.,f, A.5 Comp11rl1on of Selected Mili111tion Op1io11s bi the United Stares 

Miciptto11 ov1ion 

BuildJns enc.ti)' cCfiticncy 
Vel1icle emclrnc:>· {no Reel dNIIIJC) 
fodu1uial encr1n· lnllllllt'IRCllt 

Tr111sport11lon system nia1t11emcnt 
Power plan r bed ·1&te im1,ro,en1eol! 
Landfill au coHecdoq 
HaJocnrbou-CfC ~Ille rcdt1~lion 
A1rlcul1ure 
ttcfmata.tlc,n 
Etectricity •u.,Plr 

- Ncl Jmplcnurn•111io» 
Celt• ! 

Net benefit 
Net bmc!ll 
Net bCflCfit to low ~st 
Mel bcaciil 10 low cost 
Net benefit Co low COIi 

Low COSI 

Lowcl>SI 
Low COIi 

Low to moclcr11t~ tOI\" 
Low to mocJcraui cu' 

•N~I beoefil • co111m thin or eq_a11l to :aero 

Putc111uil BffllJtlonb 
Reduction 
(I CO2 Ct{Ulvo\cul 
per yeu) 

900 mllllan' 
300 mllllon 
500 rulHlun 

.50 n,lllion 

.50 n,illioll 
200 m!lllon 

1400 million 
200 an!lllon 
200 11iill lo11 

1000 1nllll0n" 

Low c:osr • cos1 bit'll'C!ea SJ 1111' $9 per ion cf CO1 equlvo.lc111 
Moderalc cost• co.st bc1wec1t St0 and $'99 per Ion of CO.i equivalent 
Hish ~05t • c011 oC SIOD or more per con of CO2 cquivale1u 

•n1ts "n1ul.tnu1n reaslble• p01en1i1l cmd11ion rc4uctilffl assume. JOO ~ent 
imfllemenlntioo uf each option 111 re11onabre appUcatlOJ11 and t1 aG oprlmilllc "uppiJr 
\nund,. on cmiaslon reductions. 

• •Thf, .dcpencu. on IM actual im9!ancn11tlon level iml is CCN'llto\.-crsi11l. 111·1, 
1cpre11Hl1 a a1iddlc v ■lue ofpm.1lb1cntca. 

'Some po1tlon1 do tall in low cost, but le 111 nnl po,11lhlc r11 dr.tennlnc the amounl 
ofredu\°lians oh111it111blt at th~I c~t. 

~he po1e111!1I einlmon mluc:tlon for tlecerh;lly •upply uptlt1111 l.1 nclt11lly 1700 
Mr C01 "l'Dh-nlent pct yenr, but IDOO Ml la shown h.er~ to remove the doub1c­
countlng effect. 

NOTB: He1e ~nd 1llrouglmUl thl1 repc,rf, lotl5 •~ metric. 

SOURCE: Chnptcr l I of the Mlti3111fon Panel report. 

placement of the 111me ccmJ.fircd power plants. Table A.s. howcvm. pn:-
1cnu only options th111 avold double coumlug. flnaUy, 1ltJ1oug1l there fs 
evidence tlt1t ef!iclency p1upan1~ can Pll', 11\ere is no fidd evidence show• 
Ing MJ.cccu wilh prngrom, on the massive scale augge.stcd here. Thus there 
may be very good rcHons wlty "ncgalive co,, options" on cr,e figure are not 
Jmplemenred lodny. 

_The U1tited Stala oouhl reduce i1, grceidto-use au emlnions by bclwecn 
IO aoo 40 pcrccllt of the 1990 1eve111 nt tow cost, or pernnps some net 
uvi11g1, if proper p0Jh:le1 arc \mplemeraled. 
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IUIH~flE~~t,ilal'.,_cc,,,,11valr-ti,rte11l 

FIGURE ,\ .4 Coaipa,.l:loA or mi1t111to11 options. 1'cla! polaltlal rccluction of COi­
equ.ivalc111 crof,itt1111 ii compared let lhe cast In dollars pi=r tm1 orco, rcdocllon. _ Optfcin 
an: ranked rrom left to ri1ht ln .COj cmialon111ecordln1 to COit, Some option, show 
the txmlbifhy of rdocticns r,r col emlulOllll 1t • net ■avlugs. 

SOURCE: Chapter 11 or Ille npoJt oC tile Mlti9aliun Panel. _ 

AOAP'l'ING TO ~DlllTlONAL OREENHOUSB ·w ARMJNG 

Jtl. Will hwmm a11d 11a1uro( ,ysl411U adapt wllkout ~11lsta11ctP 

Fnrmers a.dju11 tbeiI cropc a,lcl cultl vadoa pracdce1 in rupunse 10 we1tlu:r 
po.Uen,a ewer time. Naturnl ecosyalen)S also ad11p1 10 i:hanglng- co~dltion3. 
111c real iss~ is the rote at which h11mt11 aind 111turai sy1lem1 wHI be ztblc to 
adju11. • • 

]9, Ar what 1-01~8 ,-011 l111ma11 and 11,1t11rul sJ.rl~mi udaj111 

Many h11man sy1te111.~ have decision ind in~lmenl cycles ,111 ■re sbor1er 
rhan 1hc thnc in whfcl, impllctr. or cJiamic.o ct,an10 would bcc0J11e manlfe1t. 
'These 1ystems Jn lhc United St1lte1 sho1dd be able to adjust to cHinate 
chm1e whholft govcroment1l intervenllon, ,11 lo1tg Hit 11 grl!fual antHn• 
formation about lM rues of ehange Is widely nvailable. Thli appli~ 10 
agrlculture. c:ctnmerc:inl fqrealf)', and in01t of industry. lmlusttio.1 sectors 
with exrrctnel)' lonJ lnvc11unrint cycles (e.g .. 1ransparl 1y1l~m1. u~n fnfca• 
structure, and 1no.Jor ,tructute1 and facllllies) or requirins tiigb volumes of 
w11ter may r_c~11lre special attention. Coaa11I urba11 1eulcme1us would be 
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Memorandum 

To: Bill Antholis 

From: Dan Dudek 

Oate: August 20, 1997 

Re: Winstar Decision Summary 

the Legal lnforr:tiati~~ l~~titute and Project Hermes 

ENVIRONMENTAL 
DEFENSE FUND 

T/io.ifi~tjfarts of the opinion, WordPerfect versions, and related documents] 

Where it ifleasible, a syllabus (headnote) win be released, as is being done in connection with this case, at the lime the 

opinion Is Issued. The syflabus constitutes no part of the opinion of the Court but has been prepared by the Reporter of 
Decisions for the convenience of the reader. See United States v. Detroit Lumber Co., 200 U.S. 321, 337. 

SUPREME COURT OF THE UNITED STATES 

Syllabus 

UNITED STATES v. WINSTAR CORP. el al. 

certiorari to the united states court of appeals for the federal circuit 

No. 95-865. Argued April 24, 1996- Decided July 1, 1996 

Realizing that the Federal Savings and Loan Insurance Corporation (FSLIC) lacked the funds to liquidate all of the failing 
thrifts during the savings and loan crisis of the 1980's, the Federal Home Loan Bank Board encouraged healthy thrifts and 

outside investors to take over ailing thrifts in a series of "supervisory mergers." As inducement, the Bank Board agreed to 

permit acquiring entities to designate the excess of the purchase price over the fair value of identifiable assets as an intangible 
asset referred to as supervisory goodwill, and to count such goodwill and certain capital credits toward the capital reserve 
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requirements imposed by federal regulations. Congress's subsequent passage of the Financial Institutions Reform, Recovery, 
and Enforcement Act of 1989 (FIRREA) forbade thrifts from counting goodwill and capital credits in computing the required 
reserves. Respondents are three thrifts created by way of supervisory mergers. Two of them were seized and liquidated by 
federal regulators for failure to meet FIRREA's capital requirements, and the third avoided seizure through a private 
recapitalization. Believing that the Bank Board and FSLIC had promised that they could count supervisory goodwill toward 

regulatory capital requirements, respondents each filed suit against the United states in the Court of Federal Claims, seeking 
damages for, inter alia, breach of contract. In granting each respondent summary judgment, the court held that the 
Government had breached its contractual obligations, and rejected the Government's "unmistakability defense"-that surrenders 
of sovereign authority, such as the promise to refrain from regulatory changes, must appear in unmistakable terms in a contract 
in order to be enforceable, see Bowen v. Public Agencies Opposed to Social Security Entrapment, 477 U.S. 41 , 52-and 
its"soverelgn act defense-that a "public and general" sovereign act, such as FIRREA's alteration of capital reserve 
requirements, could not trigger contractual fiability, see Horowitz v. United states, 267 U.S. 458, 461 . The cases were 
consolidated, and the en bane Federal Circuit ultimately affirmed. 

Held: The judgment is affirmed, and the case is remanded. 

64 F. 3d 1531 , affirmed and remanded. 

Justice Souter, joined by Justice stevens, Justice O'Connor, and Justice Breyer, concluded in Parts II, Ill, IV, and IV-C, that 
the United states is liable to respondents for breach of contract. Pp. 19-57; 66-72. 

(a) There is no reason to question the Federal Circuit's conclusion that the Government had express contractual obligations to 
permit respondents to use goodwill and capital credits In computing their regulatory capital reserves. When the law as to 
capital requirements changed, the Government was unable to perform its promises and became liable for breach under 
ordinary contract principles. Pp. 19-30. 

(b) The unmistakability doctrine is not implicated here because enforcement of the contractual obligation alleged would not 
block the Government's exercise of a sovereign power. The courts below did not construe these contracts as binding the 
Government's exercise of authority to modify its regulation of thrifts, and there has been no demonstration that awarding 
damages for breach would be tantamount to such a limitation. They read the contracts as solely risk shifting agreements, and 
respondents seek nothing more than the benefit of promises by the Government to insure them against any losses arising from 
future regulatory change. Applying the unmistakablfity doctrine to such contracts would not only represent a conceptual 
expansion of the doctrine beyond its historical and practical warrant, but would compromise the Government's practical 
capacity to make contracts, which is "of the essence of sovereignty" itself, United States v. Bekins, 304 U.S. 27, 51-52. Pp. 
31-48. 

(c) The answer to the Government's unmislakabiHty argument also meets its two related ultra vires contentions: that, under the 
reserved powers doctrine, Congress's power to change the law in the future was an essential attribute of its sovereignty that the 

Bank Board and FSLIC had no authority to bargain away; and that in any event no such authority can be conferred without an 
express delegation to that effect. A contract lo adjust the risk of subsequent legislative change does not strip the Government 

of its legislative sovereignty, and the contracts did not surrender the Government's sovereign power to regulate. And there is no 

serious question that FSLIC (and the Bank Board acting through it) lacked authority to guarantee respondents against losses 
arising from subsequent regulatory changes. Pp. 49-52. 

(d) The facts of this case do not warrant application of the sovereign act doctrine. That doctrine balances the Government's 
need for freedom to legislate with its obligation lo honor its contracts by asking whether the sovereign act is properly 
attributable to the Government as contractor. If the answer is no, the Government's defense to liability depends on whether that 
act would otherwise release the Government from liability under ordinary contract principles. Pp. 52-57. 

A ugust 20, 1997 
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(e) Even if FIRREA were to qualify as a "public and general" act, the sovereign act doctrine cannot excuse the Government's 
breach here. Since the object of the doctrine is to place the Government as contractor on par with a private contractor in the 
same circumstances, Horowitz v. United States, 267 U. S., al 461 , the Government, like any other defending party in a 
contract action, must show that passage of the statute rendering its performance impossible was an event contrary to the basic 
assumptions on which the parties agreed, and, ultimately, that the language or circumstances do not indicate that the 
Government should be liable in any case. The Government has not satisfied these conditions. There is no doubt that some 
changes in the regulatory structure governing thrift capital reserves were both foreseeable and likely when the parties 
contracted with the Gov_ernment. In addition, any governmental contract that not only deals with regulatory change but 
allocates the risk of its occurring will. by definition, fail the further condition of a successful impossibility defense, for it will 
indeed indicate that the parties' agreement was not meant to be rendered nugatory by a change in the regulatory law. That the 
Bank Board and FSLIC could not themselves preclude Congress from changing the regulatory rules does not stand in the way 
of concluding that those agencies assumed the risk of such change, for determining the consequences of legal change was the 
point of the agreements. Pp. 66-72. 

Justice Souter, joined by Justice Stevens and Justice Breyer, concluded in Parts IV-A and IV-B, that, since the Government 

should not be excused by legislation when the substantial effect of regulation was to help itself out of improvident _agreements, it 
is impossible to attribute the exculpatory "public and general" character to FIR REA. That statute not only had the purpose of 
eliminating the very accounting "gimmicks" that acquiring thrifts had been promised, but the congressional debates indicate 

Congress's expectation, which there is no reason to question, that FIR REA would have a substantial effect on the 
Government's contractual obligations. The evidence of Congress"s Intense concern with contracts like those at Issue is not 

neutralized by the fact that FIR REA did not formally target particular transactions or by FIRREA's broad purpose to advance 
the general welfare. Pp. 58-65. 

Justice Scalia, joined by Justice Kennedy and Justice Thomas, agreed that the Government was contractually obligated to 
afford respondents favorable accounting treatment. and violated its obligations when it discontinued that treatment under 
FIR REA. The Government's sovereign defenses cannot be avoided by characterizing its obligations as not entailing a limitation 
on the exercise of sovereign power; that approach, although adopted by the plurality, is novel and fails to acknowledge that 
virtually every contract regarding future conduct operates as an assumption of Nability in the event of nonperformance. 
Accordingly, It Is necessary to address the Government's various sovereign defenses, particularly Its invocation of the 
"unmistakability" doctrine. That doctrine simply embodies the common sense presumption that governments do not ordinarily 
agree to curtail their sovereign or legislative powers. Respondents have overcome that presumption here in establishing that the 
Government promised, in unmistakable terms, to regulate them In a particular fashion, into the future. The Government's 

remaining arguments are readily rejected. The "reserved powers" doctrine cannot defeat a claim to recover damages for 
breach of contract where subsequent legislation has sought to minimize monetary risks assumed by the Government. The 
"express delegation" doctrine Is satisfied here by the statutes authorizing the relevant federal bank regulatory agencies to enter 

into the agreements at issue. Finally, the "sovereign acts" doctrine adds ~Ille, if anything, to the "unmistakabllity" doctrine, and 

cannot be refied upon where the Government has attempted to abrogate the essential bargain of the contract. Pp. 1-6. 

Souter, J., announced the judgment of the Court and delivered an opinion, in which Stevens and Breyer, JJ., joined, and in 

which O'Connor, J., Joined except as to Parts IV-A and IV-B. Breyer, J., filed a concurring opinion. Scalia, J., filed an. 
opinion concurring in the judgment, in which Kennedy and Thomas, JJ ., joined. Rehnquist, C. J., filed a dissenting opinion, in 
which Ginsburg, J., joined as to Parts I, 111, and IV. 

This archive is a service of the Legal Information Institute. 
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PRELIMINARY DRAFT: CLOSE HOLD 
CLIMATE CHANGE EARLY ACTION CREDIT PROGRAM 

August 25, 1997 

Proposal: A Presidential announcement of Administration support/or credit/or early action 
by companies to reduce greenhouse gas emissions. 

Such an announcement could provide a concrete display of our commitment to protect the 
environment by using market-based incentives. For example, the President could use the 
October White House Conference on Global Warming and Climate Change to announce that a 
select group of key energy-producing or consuming companies have agreed to take on emission 
reduction commitments to help meet our international obligations. He would also announce that, 
working together with these companies, we will undertake to develop a policy consistent with a 
list of principles that allows companies to gain credit for such early action. He would also 
reaffirm his commitment to an international protocol framework that combines realistic, binding 
emissions limits with maximum flexibility -- including international emissions trading and joint 
implementation. 

Underlying Objective: Generating Corporate Support 

A critical component of gaining public support for U.S. efforts to address climate change 
will be convincing a core set of industries that our policies will protect the environment without 
threatening economic growth -- and that the sooner they get involved, the easier the transition 
will be for them. An early action plan could be a central demonstration in this effort to gain 
corporate support. Several companies have already been taking action to reduce emissions, and 
we know that they and other companies are prepared to undertake even more efforts, but are 
seeking assurances that any emissions reductions they take now will earn them credit under 
whatever future regulatory framework may be established. Companies most likely to be 
interested in pursuing early credit would be a core group of energy and electric utility companies, 
as well as extremely energy-intensive industries such as aluminum and concrete producers. 

Issues 

Preliminary discussions with representatives from DOE, Treasury, CEA, Commerce, and 
EPA have revealed several difficult issues that -- depending on the specificity of the 
announcement -- may need to be resolved before we could announce an early credit proposal. 
Some are worried that these issues are sufficiently intractable as to raise fundamental doubts 
about the viability of the proposal itself. 

• De~ee of Administration commitment. The range of the Administration's commitment 
could extend from a simple statement that we support an early credit program as part of 
whatever emissions reduction system we submit for legislative approval, to a more 
detailed program that we negotiate with industry. 
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Ultimately, the program itself is very likely to require domestic legislation and may have 
elements that will have to be included in the international agreement. Industry groups are 
evaluating whether an Administration-only agreement would provide a legal basis upon 
which they would be able to gain credit for early action, even if subsequent legislative 
action altered the regulatory framework. (They cite a recent Supreme Court case, US. v. 
Winstar Corp.) But initial staff reactions to this argument revealed much skepticism 
about its practical feasibility, if not its legal standing. 

In any case, it may be possible for the President to make a conditional commitment now 
-- that he will fight to include an early credit program in the relevant legislation -- and to 
have firms express an interest in participating should the program become operational. 
Three issues will need to be discussed further: 

-- How much corporate support will materialize while the legislative details remain 
ambiguous (i.e., perhaps for the next few years)? 

-- Is there any danger that firms will sue the U.S. Government if the program is not 
implemented because we fail to impose binding targets on emissions? 

-- How much will the corporate sector "pocket" this program -- and thus deny us any 
support when we need it -- if the early credit idea is floated before the targets and 
timetables are released? Is there a way to link more closely support for the early credit 
idea to support for ( or at least reduced criticism of) binding targets? 

• Baselines. In order to measure "early action," we need a baseline. We need to ensure 
that credits are only awareded for real improvements measured from the baseline. There 
are several possibilities: 

-- The business-as-usual projection for the firm's sector; 

-- The firm's 1990, 1995, 1997, or 2000 emissions; 

-- The firm's 1990, 1995, 1997, or 2000 emissions, adjusted either upward or downward 
by a given percentage per year or in total 

• Retroactivity and equity. We need to define eligibility not only in terms of actions 
relative to a baseline, but also the timing of those actions. Will actions only be eligible 
after the program is formally implemented in legislation? Or after it was initially 
announced by the President? Will firms that participated in the Green Lights program, or 
any of the other Climate Action Plan programs be allowed to get credit for those past 
efforts? If not, will they claim that they are being punished (relative to firms that act after 
the program is in effect) for helping the Administration try to meet its voluntary targets? 
The longer the retroactivity period, and thus the more activity that is "counted," the more 
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expensive the early action program could be -- or the less valuable the early action 
credits. And what about new firms -- will they complain that the program is an unfair 
give-away to existing firms? 

Providin!l the future benefits. There are two broad choices for providing a future benefit. 

1. We could promise some specific future benefit for a given current action -- for 
example, every metric ton of carbon emissions cut below the baseline today will produce 
the equivalent of an x metric ton emissions right in the first year or first several years in 
which carbon permits are required. The attraction of this approach is that it provides 
some physical (although not necessarily financial) certainty to the benefit that firms will 
receive early action. The cost is that the government's liabilities are open-ended -- and if 
the initial permit year is sufficiently delayed, the early action credits could eventually 
represent a substantial share of the total value of the permits. 

2. We could cap the total benefits paid out under the early action program at some 
percentage of the total national emissions rights for the initial permit years. For example, 
we could cap the total benefits at X percent of the initial Y permit years. We would then 
give "early action credits" or "early action points" for appropriate actions. The benefit 
for each firm would then be determined by its share of total early action points multiplied 
by the aggregate capped value. The benefits themselves would presumably depend on the 
form of the domestic implementation package. 

-- Under an auctioned permit system, the credits could take the form of a "pioneer price 
preference" -- a reduction in the auction price for firms with early credits. 

-- Under a grandfathered permit system, they could take the form of grants of the permits 
themselves (this is also possible under an auction system, by carving out some portion of 
the permits for early credit give-aways rather than being auctioned). 

-- Under other possible implementation packages, some reimbursement system could be 
devised. 

It is important to note that regardless of how the benefits are provided -- unless they are 
defined in dollar terms now -- firms will not be able to determine with any precision the 
value of the early credits without knowing the U.S. target and timetable, the domestic 
implementation package, and the other details of the carbon emission reduction system. 
Thus, their commitments are likely to be conditional on achieving a reasonable target and 
timetable, combined with other flexibility provisions in the U.S. protocol proposal. 

• Impact on national tarflet. It is generally agreed that early domestic actions will not lift 
the U.S. national target for the initial permit years -- that is, any permits rewarded (either 
sold at a preference or given away) in exchange for early action will not be above and 
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beyond the U.S. national total for the initial permit years. As one specific example, a 
capped carve-out for early credit coupled with an auctioned permit system would involve 
reducing the number of permits to be auctioned by the amount of the capped carve-out -­
not adding the capped amount on top of the U.S. total (which would cause the U.S. to 
exceed its international obligation). For early JI programs, the situation could be more 
complicated (see below). 

• Joint implementation. Many corporations are interested in receiving early action credit 
for JI programs. In addition to raising questions about verifying additionality, such early 
credit for JI raises other issues -- such as whether the U.S. national target in the initial 
permit years should be adjusted for early JI credits. (Permission for such adjustments to 
the U.S. national cap would presumably have to be included in the international 
agreement. And implementing the system would require an international body to 
sanction and approve the JI programs before the initial permit year.) In addition, we must 
decide whether all JI programs -- including ones under the current pilot program -- should 
be eligible, or only JI programs begun after the conclusion of the pilot program. For 
example, we could choose to reward early action by providing credits that any projects 
generate after the conclusion of the pilot phase, provided the international agreement 
allows it. 

Timing 

In order for any announcement to happen, the Administration will have to quickly decide 
that it is ready to develop such a program, and to meet with a core group of the interested 
companies to nail down the details of how we would together develop a program outline. We 
need to determine how explicit our discussions with industry should be in determining: how 
emissions base-lines are established (against which any early action is measured and credited); 
how emissions compliance are reported and monitored prior to the establishment of any 
regulatory framework; and whether overseas emissions-reductions by U.S. companies will gain 
credit (i.e., joint implementation). 

Process to resolve issues 

If the Administration agrees to explore a program for early action credit, we would begin 
by preparing for a Presidential announcement on October 6 of an agreement for future 
collaboration. Following the conference, we would then make more explicit the content of such 
a program, with an aim of announcing it at some point in the run-up to Kyoto. Preparing the 
initial announcement for the conference will require the following meetings to take place: 

9/5: 

9/9: 

Core group meeting to discuss and approve begining discussions with a working 
group of interested businesses. 
Initial meeting with industry group. Signal from Administration that 
collaborating on a program for early action credit is being given serious 
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9/16: 
9/16-29: 

consideration, but it has to be met with serious commitment and serious legal 
framework on the part of companies. The meeting would send those companies 
away with a mission to come back with a) what is acceptable as an early reduction 
crediting device; b) what commitment they need from the Administration to 
commit to early reductions; c) what level of early action the companies would be 
willing to commit to; d) what legal framework they would establish or submit 
themselves. 
Second meeting with industry group; formal presentation on these four points. 
Finalize the outline for a cooperative program, and plan roll-out. 
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flOUR5 6.4 Com(IITLson or mllige1io11 op1ior11 u,in&. tccbnolo1lc1I co11ii11 attd 
energy modeling c1fcul1tion1. 

8ouaca: Ctiapter JI o( tbe repOfC of tile Mitl1,1ion h11el, 

"lOO'io lmp}cmentation,ILow Coat" aHute11 complete ilnplementatlonof each 
option (100 percent Implementation) combined wilb tbc Jow ra11.1e of cost 
eattmace, for &h11 01>tioa (low co1t), This line imllcater. t11c upper bound 
that could bo acll1e\·IKI will1 alJ oplion1 tlrown, A compleJc 1A1lyai1 would 
cakat1te 1pproprl•l1 implm,entallon rnte1 for each option.. That is beyond 
tbe scope orthfs ttudy. fulmuld be realistic tc Achieve e1ai11lon r~uction 
a11d COit ie1ul11 10ntewherc between the two llnes in Aaun, 6.3. 

Aa poln~ ouc earlier io llLi• chapter, tec:lmolo1fc1I cmd111 nnd cnelJy 
modeling somet~ yklll difl'erCIII re_1ul1s. for lhi• reMOD. bDlh tie PJOH!llled 

i11 F\aure 6.4.. ne •too4' tmplementarion/1.ow Coif' 1111d 4 '25CJi l1n,Jeinentado,v 
Hlall Ceit'' curves aro 111pe1ted from Pl1u1e 6.3, 111d die nnac typlcalof 
ener('Y modeling i~ shown. As can be seen from Piprc 6,4, the United 
S10,~• 1hould bo alJle to a~hlon 1obstan1i1i red11cllon In sn=cnl1ouse ca• 
cmi11ion1 ar low cOAt, er perh•p• cved • 111n1all net uvJ11gs. 

IMPLIDIENTING MITIGATION OPTIONS 

An ma)' of ,,olicy i11,rr11me11t• of IWO d;fferent types nre avallahle: leJU• 
lation and ince.ntive1. lhirulalory fn11tru1nen11 mand111c acdc,n and inclwe 
con1rol11 on con1ump1it111 (ban-. quotu. required product allributu), procluc-

i' I ,. ' 
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1ion (quotas on products or substances), and facter~ 111 desigrt or product.ion 
(efficiency, dDtability, processes). IJtCa1tive in.slruments are. designed to 
inOuenoc decisions by lndi'tlduals and orgaoizatioos aml include tu.es.and 
s11bsidie, on prodllCtlon factors (carbon Lil, f11el tax) and 011 prodt1cls and 
ocher outpuli (emis5ion taxes, product taxes). rmanci1I iod1.1temirus {tax 
cretlils, 1ubsldies), ancl tranrlerable emission riahts (tradablc cminio~ re• 
ductioQ1. tradal>lc c.edits). 

Jn1erventton1 at all levels. could eftecdvely .educe greenhouse warming. 
For exampre, individuals could reduce energy c01t1umption, recycle goods, 
and reduce oonrump(lon ordereterioat materials. Local 80\'cmments courd 
conuoJ emi11lon1 rrom buHdin11. lnnsport Reet~, waste processing plants, 
and landfill durnps. Stale govenuncml1 could ~••ruclure electric urUity 
pricing structures and stimulate I nfftl)' cl efficiency h1ccntivc~ Nationnl 
governments could punue acdoo in m05t of the puHi:y atus or relevance. 
l11terna1ional orga1timlon1 could CCJordinat, programs in n,ious parr, or 
the world, maaagc transfers c,f ~sourte11 and technologies. 111d raclJitlde 
udl1nge or monlcoring 11,d other relevant data 

The cho1ce of policy 1n11mmeat depends on the objective 10 be served, 
AlthouJh this analysi, of mhigalion options does nol Jnclude all pos,ibUities, 
the panel is hopeful that ic does identify tJie most promising options. ni1 
analysis provides !lie boginnings of a structure and a procesa for idenciryina 
those slrat~gics chat <.'Ould 1tppropria1ely mitiaate 1be pro5pect of greenhouse 
warm!n1. 

CONCLUSIONS 

There is a po1e11ti1l to lncxpcnslvcly miuce or offact gree1tbouse 111 

c1nimons in 11Le tJnited Saatet. ht par1icuJ1r, the maximum feasible poten­
tial reduction for tbe op1ioas labeled "net benefit" aid "low c011° in Table 6.2 
to1aJ1 ~l1out l,6 billion tons (3.6 Gt) of CO,-equlvalent emissions per year. 
(Here, M dsewhc1-e In ti~ rep(lll, tons ar" metric.) This is a liltle mare tlMn 
011e-thitd of the talal 19901reenho.i1e 1u emissions in th~ Uniled Stales 
and rc:pr~en1s an optimistic upper bound on wh11 oould be achieved ur.ing 
the,e options. 

A Jower bound c1111 be admAtcd from Figure 6.4. Ar•ittarily u~ina a 
ciatof'f or between $10 and S20 per ton of_ C01-ecaulyalcat cnli'1Sion rcduclion 
would pro&hlt.-c a level uf nbuut J 0( of CO,l"eq11iv1leD1 enriuions ptr year, 
or a lit1le more than 10 pcrce,u of currect greenhouse g■s emissioAS in the 

Un1ced States. 1 
ThiA analyal11 1uage1m thal aJte Uuitell Scates c,1uld reduce lt.r. grcenhoutc 

SH en1i1siON by het~=:n 10 and 40 percenl of the 1990 level al •ery low 
cosl. Some rcductiu111 n10y even be 1\1 • net savings If the proper po!icie., 
1.1re hnpJemcnted. 
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Al'l'l!NDIX A 

TADLR AA lii;timaced 198.S Olobnl CJtCcnhoux Gus Eani1sio-n1 rrom 
Human Ac:tivhie1 
---·--···----·· 

Grci:•hmue Oa• C01-cc1uivaleu1 
Emiuioi11J tlliflfyr) D1lliuiom-- (Ml/ye) 

---·- ·--· ---·· . 
C01 Bt11!.v.i01111 

CQlll\laerclal c11 erg)' ll.BDO Jl,800 (57) 
Tmpic•l defo,ut11tln11 2,600 2,600 (8) 
Oller 400 400 (I) 

TOTAL 21,800 21,100 {66) 

CH_. EtniMOlts 
fuel productirin GO 1.,300 (◄) 

Enlenc: fem1cn1a1iot1 70 , .. 'i00 (l) 
Rlcc c11ltiv1tJ0n uo 2.300 (7) 
Lu.dfilbl 30 600 (:Z) 
Trupu:fll ddomtarlon 20 400 (I) 
Other JO ,oo t2) 

TOTAL 320 6,100 (20)• 

CfC-1 I and CFC-U Bt11iuiou 
TOTAL IUi l,200 (UJ) 

Hp En1isduoa 
Coil 1:nn,b11S1ii:m • 290 (>l) 
f'erlilit.er u11e 1.5 440 U> 
Oiiin nf cultlvalcd lan4 0.4 1'2U (>1) 
1;m1,ical defores11uinn o.5 150 (► l) 

Fuel wood und indl11•t1•11l l1lomRn 0.2 flJ (>0 
A1riC"Ultur111 wutcs 0.4 121) {>1) 

TOTAL 4 1,1,0 (4) 

·rorAL 32,118D (UJC'J) - ··------.. .. .. ,,---·-•·--· •· "'·--· 

''l:02-e11uivalc111 cml•hm• arc c11h:11lllled frcl1\t 1hii Ori:cnhou&e Ou. 6mlsslom1 
c:nluinn by u~lng the £ull1>wing mullip?iers: 

COi J 
CH4 ?1 
CfC'-f 1 nnd ·12 5,40U 
H10 290 

~umbcn lit iwen1ht1H nri, perce11ta1e11 of lollal. 
"total doet not m, du1 t~ roua.cfi111 etrors. 

NOTE; Mt/yr= mlllin11 {1~ nu:1tlc 10611 CO pef yHr. All cnlrics are rounded be­
cau,e tJ1e Cllad vAIIIH a,e l-Ontro~ni•l. 

SOlJRCf.: h1"1.1*d fm1n U.S. Dcr,,rlmun ofEnc:.gy. l'Wfl. Tl1tr lit:mmntfr.s nJ LtfllR• 
!~1111 G/1,(!fll CliHrn~t C'llat1R~; A PrrUml11lll".'i t4ur$m1e1il-llf!{'nrl 11/ 011 fnt~ro,t!11,·y 

Tad: F,1ra, S11rinl)fldd. Va.: Nt11io11al Ttthnkal rnronn11ticm Service. 

* 

All'MotXA IOS 
. . . 

COi. dtal wauld prodLICC the l11"1C amo11nt of forcing anbc surface is calcu­
Jaaed. Thi, is the col equi¥alenl for tbftt apcctftc concefttTalion of the 0tl1er 
gft;cnhouse gu. 'The rcspeclive cotl• per lon for diff~re11t options can then 
he C"ompmd directly. It is imponant to m:ognJzc, hi,wever, 1hat 1ltese • 
cLt1culatlonr allow c01nJ:tarl£0n 011ly or lnilial contribution.s. TIiey do not 
at:c:tiatnl fo, ch1111p1 in energy-1mpping efrecti,encas o,er 111~ various lire-
1imc1 of d1e1c: pies in the atmmiphcre. . 

Jj, Wlrat 111,li&ali<UI tJprltmJ trrt-nunl co.,r-~fftctiu? j 
The panel 11.llk11 Gptiolls tor .rellucl1111rc:cnhou1c aas eminlonr removing 
greenllowe pae1 rrom the atmosphere acxordiq to their coat-elltctiveneu. 
Some c,1 tbe1c option& have net 11vhip or ¥Ct)' low net impffmC11ta1ion 
a>il1 cmnpared to otl,er in,uunenta, ~ option• range fruna net, Kftvings 10 
11100: tb■1 $100 per metric 1011 of C01-equi•alcnt emissions ••o)ded or re­
movd from die &Cm0tphm~. The most cost-dfcctive 1ni1;1otion bptions are 
ptt sentcd in Tabk A ..S, i 
J6. Whal a,~ tltllttplu of optiom. with lllJ·g~ pdldllliul '" ,-rt111,·t 01' o}Jrtl 
m~~~ ! 
The 10-culletl ,eOCDginecriug opliuna ban the polen!illl of IIIJNlaiuially 
. affectln1 11mospberlc concen1ration1 of a,cc:nhou11e &UC•· They have the 
nbiril, tu sc~u iru:mni111 ·su!lllpt, 11llmulate uptake c,r COa by"plimu a1ld 
111imaJ, in tl1.e Deleans, or remove CO2 from Che atmosphere-. · Al1hou1h llley 
1ppc1r r~•iblc, they reqQlre achlitionat inve.~tiaatfon bec1111e of tlleir putf.n• 
tia} eavironmental imp1t.:t1i. 

37. Hon, ,nuc-ll ""'""' it l.v1u lo sfa11iftcantly rtrlM~ cr,mmt U.,'i. gret11• 
liu11,ff! g,n 11nl1slons? 

lt depends 011 1hc level of e1nbsion redvcllon de$i:rccl and how it i~ done. 
The ffl0$l ~t-effccti've oprfon, are those lbat enha11ce efficient use of en­
ergy: efficiency improvemut1 In lighlh1g 11-.d appliRncei'I. white roof~ and 
pq1vi•1g 10 enhance reflcctl¥ily, and improvement in building aad construo-
tio11 prae1ices. . 

Figure A.4 compues mitigation op1iona, 111d Table A.S glv~ lhc panet•s 
estim11es of net oo.i;t 10d emls:siori ~d .. clions for 1everal ortions. Jl must 
be emphllslr.ed dlal lhe tllblc preKnlt the panel•, e11lima1e.1 of the maxin111m 
1ei:1tnicat potential fGr eRch optioi,. 7hr, calculalion of cc.,t.cffcctivcness or 
ligllting effklcacy, for eitamplc. does not confide, wbe1her Che ,upply or 
uiti.r bulbs could mce1 dtc dcmud wit11 current produccloa capacities. Nor 
duel it consider tho en.de-off b~tween expenditures en li1ht bulbs &Ad on 
heallh care, education, or basic sheller for low-income famllies. In 11ddi­
ticm. 111.erc ii! a danser o( some '"double ccuntln1.•• For example, in the atrea 

• llr energ)' supply both nuclcilr. and natural gas Cr1ergy ot>!ion!. assume re-



106 APP6NDJX A 

1 ABLE A,! Complrl1on of Selected Mi1ignlion Op1io11s w the United Staret 

Mieipttoo Ot>tion 
• Ncl h1111 lcmie IUll t{cm 
c.t• 

Poteiuual Bml'1ion11 

Redutdon 
(I ~ c~ulvalc111 
per ye•) -------------- -----

Buildln, Cltefl)' efrtricncy 
Vel1icle cfficlfni:y (no ffcel dt1t11F) 
"1d1111rl11I energy m11111gcincut 
Trans,ortatlon 1y1tem 1tws11ement 
Pow~r plan I heat -,ate impto,en1er1U1 
L11 ndfll1 llll ooHectiOll 
Hab:nrbOls•CfC ~111c n:d11~lion 
A1riculture 
ffcftnatatlc,n 
:&kctririty •"1PIY 

Net bcnefil 
Net bmcfil 
Nel hfflcfit to low cost 
Hcl bMe!il to low cost 
Ncf benefit Co low co1I 
Low COSI 

Low CU.SI 

Low cosl 
Low lo moclm1le cOIII"' 
Low to IIIOderate cu~ 

•Net bcaefd i= co111ta thin or equal •o :iere 

900 million' 
300 mlllloa 
,oo mllllu11 
.,0 mlllion 
.50 n,illioa 

200 milllon 
1400 millioa 
200 anlllloll 
200 milllotl 

1000 1nlfllo11r 

Lt>W c:c»t • ccm bitneo SJ an1l $9 per 1012 of C01 equlYlllc111 
Maderntc cost= co.st between StO and $'99 per ton of COJ equ.ivalcnt 
Hi1h ems• cm& aC SIOO or more per ton of CO2 cquivale,u 

•nils "1111.li1nu1n reaaible" potential e111iuion rc4uetiim 1uumu 100 pe,unl 
imflementntion ul cacll option lit icuonal>Je application, and la u opclmilllc "uppisr 
\nund" on cmi11lcnt reduction,. 

• 'Thb 4cpen1b, on Ille t11ct111I IJ11plelnen1atlon levet ind ls CCHtlro\.-cr1i11l. 111·11 
1eprea:n11 a a1iddlc nlue of poulblc ntca. 

.r.some po1tln1n do rail in 1ow cost, buL ii ls nnl poaalhlc ro detenamc tile amount 
of reda(liuna ob111illllblc ll 1••1 cO!I, 

~Ju= polc11tl1I ca,lmon mluctlon for clcc:trltity •iipply uptluu1 l.1 nC'l11ally 1100 
Ml C01 rtJuh-nlent pct )'e11r, bul 1000 Mt ia 1l1ow,1 her~ to remove the doubJe• 
1:0\UWfng dfetl, 

NOTB: Hece 11nd 1hrougbout this rcporl, 1oe11 aR metric:. 

SOURCE: Chnpfc:r l I of the Mlt!aatfnn Pattel ~po~. 

pl11ce1nc11t of the same c4nJ.fircd power planu. Table A.s. 1lowcver. pn:-
1enl1 only option& th&1 11v0Jd double coumlng. flnany, 1ltbouab there fs 
evlde11cc tlut eftielcnty p1upum~ can p11y, 1hete is no f'tdd evidence show­
Ing M1ece11 widl im,gram• on the massive scale suggested here. Tbu11 there 
may be very t,ood rcatcn1 wlty "ne1a1ive cost optiOCII" on cr,c ligure are not 
Jinplemenred lodny. 

_The U1tited Staltl coulll ccducc i1, grec1"\boase aas cmluions by 1>c1wecn 
IO and 40 pcrcc11t of tht 1990 1eve1i; nt low cost, or pcmaps 1on1e ne1 
1Rvi11g1, if proper p0Jide1 arc 11nplemented. 

101 

1AI 

tG°" 111-,.11wn1111'olcwto11 

4K '--------IL-----~-----.J..-----

• I • I 

IMll91DNIW:KIOT~ ti11111 ... co, •11.•••1t"l_,r 1'111) 

FIGURE A .4 Coa'lpa,.laoA or mi1lptio11 optloas. Total polaltlal rcdnctiun of COJ­
Cf1Uiva1c1d eraltilual fl CDlllpClled l<tlha cast In dollan per lull orco1 rcdoclion. OptfOM 
1n: radlu:il rrom ldl 10 ri1hl 1a .COj emi,. io1111 accord ina to COit, Sortt optlo1n show 
11\e pu111bifhy of rdocticns of C'Oi HllHiODI It I net ■aYlllp. 

SOURCE~ Chapter II m Ille npoJt oft11c Mlti1a1iun Panel. 

ADAPTING TU ADDlTlONAL OREENHOlJSR.WARMJNG 

Jtl. Will hmlllm a11d 11a1urol 1-ys~N• adapt wi1ko111 ,111lsra11c:t? 

f11m1er1 adjust their crape and culti ~•don p,..cdces in respimsc lo wutl11ct 
pttlen,s over time. Natuml ec:osyslems alio adup110 ~angtng condl1ion1. 
11,e real issue ii tbe role at which human 1nd 1111tuni sy1lem1 will be able to 

acljutl. 

JP, Ar wllat 1¥tl~14.1m l11t1m111 a,r,d 1Jat11rul sJ.rltmi adaf,11 

Many llllman 11y1tem.~ have dcci1ioa and invcslmenl cycles 1111 are shorter 
1'1an 1hc tl111c tn wbicl1 imp11cts of diannco ct)an1a would 1>ccmi1c manifest. 
1'hcsc ,ystems Jn Ille United Sta1e1 shc1dd be llble 10 adjust to cUina1c 
clttmge wilhout govemmen111 jntavenllon, 11 lo1tg as it is srlll!fual and ln­
fonnation abo11l lhc rue, of ehange Is widely nvai1able. Thi• appJie$ to 
agrlculturc:. c01nmcrc:inl ~rtatry. nnd inost cf industry. lmlosttinl seclOrs 
with extremely lon1 invc11rmrnt cycles (e.g .. transport systems. u~n infta• 
structure, and tnnjor i.lntct11te11 ancl fa.:Ulliei) or requiring lli&h volumes of 
water m11y rcq1dre special attention. Coaatal urban 1eulane1us would be 
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TAIILR ,.1 Cost-.Bffeciivcneu Olderirig of OccefWinceri1.11 Mitigatioo Optioos 

Nel lmplc:mie111a1lon rorcotlal 6miufon Mrelpllou 
Mida1tcine1 Op1lon C'olll (I C01 cquiYl!lffll pct ye•r} 

U.w S11llOJp1-rlc IOOt Low I blllloa lo 2S l,llf DI 

Low 11ra1osplleik: dun. Low 8 blUion lo BO biUi01 
airer.ft delivery 

Slfalospkrfi: dull Low -4 lrlllion or 1t'101m clc1iad 
(;11111 Dr batloal\ lifU 

Cloud llimulticd by L,w 4 II ill ion 01 lfflCMUII clcshed 
provlslnn or elMNI 
condcAUtlon n11del 

Slf1nul11tlon of OC'Cllll l~W CG lll.Cldl!l.AIC 7 blllloA or UIOUIU dHlffd 
binn11• wltl1 111111 

Straco.tpberk bubblei bw to 111odera1c 4 idlfon or lfflOl!OI deah'~d 
(11ulllplc baHnonJ• 

s,,ace mlm,rs Low c11 madtc•c 4 uil Ion or 1u,011nl dulrccl 
~1ms,1J111e1ric CFC rc1ncml Ulllnow11 Unknown 

NOTE: l'hafesaliltilky -1 P"•llllc 1ld.1-1ffccc1 oflhcae 1cue••lneetl•••om are 
pomC1 umletltoad. l'llefr f'('ltlblD effcc11 Gd the cl lmaee 1,-ua, • lta delds11r 
neeli co,..denbly inn 11udy ind ,caret,, 111071tiu11W •or le icapleaaled wilh• 
,ut c•lriut aMeaJtnl!■r oUttlr dlt!OCC 1n,·lndl~ct co•1111inca. 

O.t-cffcrllYtneH e,11., •• ll'C Ct&cpslmJ n ellkr MYlllP (tor lat ... 0). 
Jow (0 ro $9/t CO2 •1Ulv1Jc11), rnndenlt {$10 10 Sgp,t col eqllvaleut). a, hlah 
C>SIOOII co, eqliv1lcnt). l'llleetiul anlslion 11,l11p (Wfllch Ja IOIDe IINI &acllldo 
IOI <Inly d11 lflftilll tfflla,toa,.bul alsod•- m lhllCKr'e,fc: cenetllttllioas •budy 
fl"I lf1c a1mo1p1le1t-codc) rar lh1 poc111lneerbl1 "''°"' ace •I• .ll1owtt, Theu 
• ,.. dD ADI tdwce lhl n, .. of cmiNIOIIS ••o th •tmcQphese lull r11bu alter I ltc 
mNIU el wwmtra., Rl\lllfn& from tflCIIC ettlac,oa. N11l,-tano,eb11 111 fl11e14 in 
trderofCGt1-effecdvanc1~ 

The COl"CffulvaJu1fCll11cWon11te cJcttrmkied &y ukuJ1ul11 Ile c,111v1lcn1 ,c. 
duct(H 111 rMlll1wt forcht,.. 

Hr,1t adll lhrot11Mu1 t'i• repost, tuu AMI metric. 

!OURCE: C'Mptcr 11 af the tep«t or 11t~ Mid111Ja Pino£. 

COMPARING ·ol"l10NS 

T1ble 6.21howa e11lmatcs er net cod and cnsf11lan reductions ror 1evcnl 
C1JNl0tu. ll 111111 be em,l111Slu4 due 1111 llbt1 pN•b die pan11'1 e.1&l11111es 
or tbe 1ech11fcal potcnlfal for •ch opli1111. l'4>r 01ample. 1fle ctla,f~IDa of 
mt~frectl-iest d •lp-effldcucy tl1hc llulbs {one of die INtlJdlos ef'f'f .. 
c:ltnc)' upllnn1) doa rwl conaicler wficlher the ·1upply of Upc • tnalbs 1:ould 
mrd chc du11111I wfth t'urre11t proc1uc1lon rapaci1Je1. Tl Joes not consider 
f~t 1rrufc-<1flbetwee11 e1pcnclil11rcs on Jigl11 b11lb5 and on lleatth care,_cdlica• 
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tion. or ba.,lc 1hel* for law-income faliaille£ . Nor does it consider aes­
lhetic lu11e1 nbou1.drffcn:n1 sourcts of ilh11niHlilln. 

Cart 1111111 : be •bl\ ln deveJapina ,uch a table llecituse tllere 1, aon1c 
"doubt~cou1t1ing• a:1>ong poteadal 01hig111lo11 oplion,. For·c,cample, • 
ilnpl~n,atlon_of both the tludear and 1he n1111r1tl ... ei~rm• options U$umel 

n:placemeur of tho 111te c:ool-firel power plan". 111us. dmply 111mntl11J up 
1he ea1ll1tio11 reducJl~15 or 1!II opdam lo give ro11l ~d11ccion fa e111i1.sion1 
would overslate tl1c actual pute~tial. Tht· optlon11 pre,ented la Table 6.2 
have been ,dccrad to ellmlnace doubJc-couninJ. 

PJna!ly, aldiouJh tlJerc J3 ovidcne~ tlaat cftlcicncy prasr1•1 can ~y. 
there II no field avldcnce 11Mwl111 111ccca1 wlth progranu 011 tho massive 
scllle ltlJICAled bcfe. Thae may be ,et)' good reaM1t1s wby options exhjb. 
illnJ nee bcncflt O!l the 111,te me 11oc fuUy 1rupJemen1ed !Oday. 

FiJUJC 6.3 lllu1tntu Ifie RIU)tl or different (llOJ of b11pleme111tUc.in or 
Lho1e optiona. Tht mto)' 1mcortali1hs In the eakulatlo111 of bo1h coit5 and 
c:inilllm red11cliOJ11 btve hcc11 colllflecl into two lines. Tht llac btbtled 
"255 Jmplementatla9'1Hlah Cost" •Mmes tncornplcle bnple•t•lioa uf 
eacla oplfOJI (lJ percent llllflcmeatarion of feasible oppurltini1iet} 111d the 
hi1fl mS or 1r1e :map c,f .:oal ad11acc1 ror lh11t 01tlo11 (lll&h cosl). Thls Jtne 
11,ow1 a Jaw~r ballad or ,tb11 la rascw111ble tu 1chie"c. T1tc line Jabckd 

•• 
• 

1: 
ff • ,.~~~----~=~------
1 • I 

4 L 

I 
... :" 

... 

·•• !...-----J..-------'-----.L...----..... 
• • • • • 

lllltlDUl~TIOlf,.alNIPl&CO•• ..... llr.i ,.,,_-, 

FJOURI 6.3 Ctlll\fari.lal of mitlpdo11 opdnas. Tofil 1011ndttl ,afvclloa or·CO1• 
ecpnlcllffllllsi11111 b ainp111d I01MC01$ in drllan iier• d <.-Oi u.-d,alaa. Opl{ans 
11t n11kd tnaa fcft 11 rfalil Iii COa cnlful~• .:cacdJ111 to~~. S.n~, opliont show 
Ilse pmlbfJl1,. of "d1c:lloni Gf co, e.a1Ao1ollt at • ncl 1■wlnp. Su tel1 fur capl•• 
-~-
Srn11C11: Ch1ptCl' l I of the rcporl of c•c MiligatiD.11 P111el. 



62 NJUCY llfPUCATIONS OF GllififHOUS£ WARMING 

1IIO 

I I • • • 
lll&IIONMO!a!Olt~-...n 11111 C0. ~p•,-1rl 

FlOURi fi.4 Com,11l1CK1 er ml1l11tion oplioua u1iB1 icciulolot1r::al co111.t·,, and 
ene1&1 111od1Hn11 catcullllana. 
Sooiia: Chapter l l e>t t~e uporl ~r ll1e Ml1la11ion Panel, 

•JOO$ ln1pJc1nc11t1tia~w Cos1" 1&11ma CC1111Jle&e hnple111ea\Wlaa of Dlk:l 
opimn {100 pe~cnt lllfllemenlalion) co111blned wltlt tbc tow rmae of cost 
••tlm11ea for tJtnl c,ptioa (low coll). 11•• Una lnclk:atu 1le upper bound 
1h11 CC>Qld 1'e ach~~wlth all o,tlon11110111. A com.p~ea1'12y,il wourd 
calceJ111 a,prq,rlll1 ltipl1nam111icm ratel for ca.:b Opl lon. 11tat J1 NJOlld 
tbe scope al'dli& 1D1dy. It 1hauld be aaJlatle to 1clsJeve emlldon ncluctlon 
and coat 111•lh IOIICWbere •ween 1111 IWO Unca In F11111e 6.!. 

At pointed 011& cuti1r • dila d11p&er. 1cchnvlo1lc1S cotdn, and energy 
modell,w 111melf111ct yldlf ,trrermualfu .. Pos 1h11 ruson, blllh •• pre1en1ecl 
In fi&im 6A. ne •tOOft l~w c.• w •'2.~4 llnplenntatimv 
H•111 Colt .. CIIIWCI are repealed rro,n PJ1• 6.3. tmd lhe tld8,C typlc1l of 
enerJY modeHn, ls 11howfl. At can be icen from Pipta 6,4, the United 
Stifel ._.,.._. be 111,rl: tn ,~hio,a ,ubllanllaS reduction In anuhauae pt 
cmluJ011 atr low e1111. or P:"'-P' ,.,c, a 1n101J uec 11vh1p. 

IHPLIUIENTING MlTIGA TIOH OPTIONS 

An 1rr.i:, of policy ftalru n1en11 ctf lwo 4iiffcrenl cype1 ue -.allablc: rtJU· 
t11io11 aid l11«11CJvc1, Re1ul111ory iMtru11,en11 mamJac~ 11cclon alld include 
con1ml11 on conn1n1Jttioi1 (b,i"· q11otu, requirrd product allrlbulcs). pro-'uc-

Ml1lG4TION 6] 

doA (quot11 on producl1 or nbsllnccs). and facforg In desian or produedon 
(efficiency. d,rabllity. procesHI). fnccnthc lasltumel\ts •~ de1lge1ed co 

• infl1ence l~ll.iOIII hy indMdualr and organizacio,u aud txlucfo uxet.anl 
1ub1l<lfes 011 poctlletlon fle!otl (c1Jbon 111. fuel l~1) uc1 Otl produc&s ant 
other ou1puc1 (emluion cues, prGducl Ina). rinanclal laduc::emcnts {1ai 
"cdht, 1Ublldtc1). and tranller••k erousioa ri1ht1 (tlldabJe cminla~ re- \~ 
ductlollt, ltadlble credhs). 

latervaitlon1 at all levels could cffc:c1lvcly reduce greenhouse warmioa, 
For e11mple. lndMdu■ls could reduce enerl)' COll11.111plion, aecyclc goods, 
and rcctuce co~1u111piion or dcteterlous materials, Local aowminentr cour4 
control e.minlont f'rom bulldhJ&. 1r1111porr Occu. waste pJOCealng planes. 
and landfill clumps. Stele 1>vemn1cal1 could R11fuc1ure clectrJc utility 
pricing 1tructurc1 and stimulate a vadecy of efficiency incentives. Natmnal 
10\IUnmcnll could pur,uc 1cllOC'1 in 11011t of the. poley ai'Cls of rcle..,anee. 
lntcrna1lon11 arptir.atlOfll could coanHtale progr1m.1 in ~•riDu1 p1r1S of 
the world, manap U••sfera of n:10m:es and tcch1alogles. end faclJlt11e 
nchan,e ar D1Gnlmrlna aid dhCf "Jcvu1 da1a. 

TtLe cbolce of a,ollty f111111meat tkpacb on 1he objective 10 be 1erved. 
Altllc>11Jll tll• -lysls or 11kJ.dan ap&JC1t11 •c:11ot i1cJ1dc 111 pasai1tllilles, 
lhe puel It hapcf•l dl11 l1 daea iclonllfy 1hc matt promlllag opilom. nta 
1naly•il proll>'ldel Che b111l1.nl• of I nructure ml a pn»eu for identlfylna 
llum: strategict cha eould RPJlN)pri•lely nilf,ate the J>N>apecc of greenhouse 
wamdnt. 

CONCLUSIONS 

Th~re $1 a polcnCIII la lncxpcnal11dy reduce or olftct 1reermau1e gas 
emlwaas la tllc U1itecl Stlt11. In ,.relcul•, tbt muffl"l,lrn feasible pa.en­
ti1t reduction r« 1111 oi-• Jnbelecl .._ benefil'' and "low can" In Table C5.l 
tolal1 1hou1 J.6 bfllon cor11 (3.6 Gt) of' ~-eq11lvalenr emfuio11 per year. 
(Here.. 111 eitewbare la th1t rcpost.11>naar• mclric.J 111111 is a lllelc mare 1ha11 
one-tNld or the cOlal 1998 aceenloute au emJ11lons ln tha Utire• States 
1ad ccprcaenr■ an optbnktlc up,er bo11nd on whet ceuld be uhleved u,lng 
the~ oprioa. 

A lower b011nd ca11 be a1tma1eo from Pigurc 6.4. Artti1rarUy uslna • 
cutort ol between .SIO and S20per tGn at C01-equlvale,n en1IHiou rcduclfon 
'll'OUld ptOlltlc:e I le\-.1 uf' 16oua I Ol of C02-cqulwale111 emlulons per year, 
or a llltlc n1ore rhaa &O pac:•l or cuuur grccnlioutc ps cmi11iona in the 

Unl-.1 Statn. - 1 
Tbr1 ual),111 1u1ae• tbc ••a U•lkd Stata cuuld reduce l1s greenhouse 

aa■ omi11lons by 1,ct"een lO incl 40 p«ccal of Che 1990 k,cl .a very low 
coJt. Some rcwc:du1111 m11y even be nt a aet savln11 If the proper policlet 
ue itnplcmcnced. • 
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W4 AflENlJJXA 

TAllLK AA EJitimacaJ l98S Olubnl Orecnbouse 0111 Emissions from 
Hu112nn Acdvil iN 
-·---·· 

Om..tn,eOu CO,-c.111 lvllffll 
l!n1h1lon1 (Ml/yr) Smis1~ tMl/)'r) ----.. __________ _ .. , ___ 

CO2 Bellful ona 
Conn11erd1J cne,a ll.800 uuwo (S7J 
Trnpical dcfortA1atl1u1 2,600 :l,GOO (8) 
Oth11 - 400 m 

TOTAL 2l,M0 11.800 (66> 

C"4 Ernlsla11 
Rael promc:11M GO 1,300 (4) 
E1ue 1ft t«m1Cn11tlo11 10 ••• (J) 
Mier t11ldvatlon uo 2.300 ('I) 
1.a11alflll,s 30 GOO (3) 
Truplrll ~el01ea1aloa 20 ◄OG ()) 
Other 30 600 (2} 

TOTAL 320 ,.100 (10t 

CfC•U 111dCfC-1284,1ll11onl 
TOTM. u J,100 (Ill) 

H iO 8nd1,hns 
Cea1 cnniltutrioo I 290 (>IJ 
Fentlbe,w• . ., HU (0 
(li1ln r,f' c11l1 l'lldcd lad 0.4 12U t►U 
1cu,ka) eface11aten o., l$0 (► I) 

fuel wood a111l Wn1td1II lllm1111 11.2 6U (►J) 

A1Mfc■ral w11111 0.4 l20 t>U 
TOTAL 4 uao (4t 

lOTAL SJ.KIO (llXl~ -·--·--------- .. ·-~· ---
«t"01-cl)Aivaln11 rmbdrn11 are calculf&cd rma •• Orcc11lou1e O• Embliona 

rolun• •1 lllffll lhc rolhWUlf 111.atlpUcn: 

C01 I 
CK.. 21 
CK°• J t 1111d •ll 'MIO 
tf1(J 290 

~umbfn in pareildlcac, u• &1ffl)Cl11•,r1 of letbtl. 
.,. • ., •• not Min dtle It mndllla arm. 

Nori: ~1.,rr •UIUIPII (JOI) mcldc tCII■ (I) per ,mt. All edricl ate roulldcd be• 
(Hile 1M CJIC'l -watue, art CCllLffOftffilL • 

SOtfROO Mn11lal rrNu U.5. Drf,,rlniatl al&e,I)', 1990. Thi' Bctm1flltlt-s11f Lm1R• 
r ~,,. Olffli.trl Clln_urtr C'lu1111r: A l'rrflnth1r1rJ A,1n1null/-Rrpnrt t1/ ttn r1t,tro,e11,·1 
ra,1 Pt•«r. S11rlnifkfd. Va.: N1tio1•~ Trrfankal lnfcnnittlna Service. 

*' 

IO 
• 

CO1 1h11 wo11ld prwucc tho aame amount of forcing at l~ sur(ace h c1lc1, • 
h,retJ. Thil is tile 001 cquivalcrtl lot tlt1t ,pcclftc ccnccnltation of 1he 01lm 
1.-eenhDUSc au. ne mpocliYC c:e1s11 per ton for diffcrcat opllons ctn then 
'1c ccn1r•rw tlire«ly. ft iJ ilnponant 1a ,ccolflb:c. he>wevcr. 1hat 1tie~r. 
c1lculallou1 alluw eoHj>arilon 011Jy .,, l11l1ial coucrib11lb11. Tl1cy do 11· •• 

aa:.c."l>11n1 fur ch&nJtl in encrgy-&mppirig errcc1ive11C11 ovu tle various flk -
1lmc1 of dum: a•scs it1 lh~ &111101Jileft. . 

35. Wl1a1 n1l1r,atinn apllo,u ,,,, nunl ct1,Tl·t/ftctlvt'! j 
The puel 1tnkl ._.1.,.. for reclucitg i,ee11house Pl cmk1fons rcmo,br. 
gn:e11hovH I"* rNHR1be 11motphecc 1ccordl11i to lheir coat-cfA:ctlvcne~ > 

.Some or tlao c,pdom have net 11vm,t or Yet)' low 11ct •11ptpntnt11k,: 
c:o111 co1np1teel to~11er Jn,utmon11. Tbe option, rup from ne~ 1a,lnp co 
111orc tl•• SIGG ,er mttrlc 10a ofC<>i-equiY.1lcnt cmtssiont Ho)dd 01"' 
1naved fflNII lhcs ltlnot,a.em. Tbc mmt cosc-drecrbe 1niti111lon bp1loa1, re 
l•scn~ 111 T1hl6 A.J. I 
36, Wbt are ,an,p~s of oplimu willr /a,·,r potcmi11l tt1 ttdace or oJ: •• 
•nuaf,.,~ i 
The 1t>-e1lled 1coe11pcerfaa opium hava the po1111tlal of 1~1N11111til llr 
11ffcdl1111cmo,phtrlc concea1r1tlon1 of 1n:cnhause gases. Tiicy have 1~1,.-
11ltility ta scrccn iacunltn1·1u11Hpt. 11lm1l11te 11J111ke of'CC>i by'pb1n1, 1 nt1 
aa1in11, ln llu: acans., or Rmove CO, (rm rlle llmmpherc. A1thouah llt<•. y 
•p.,earreaalble, d11yaqulre addlliond lMGAlll1donbtc:1uae of th~lr JXlli!n· 

1lal envlro1mett1 II lntpldl, 

J7. HtMP 1,r11t6 wnU fr cult ro sl,,1lflcat1'1J ndlft~ curmu U.S. 1r,e ,1 -
l,o11s~ ,a, lltf1s.rlou1 

It dcpeod1 on die ~d u1 cmlnion redllCllcm dalred aod how it ,, do;,. 

TIN mosr rat-offlClh• option• 11te lhou dlat calluca ,ffleienl a• of i: r.­

er.,,: eftkienc1 iMptu,e.ne111r l• H1tilh11 11111 app111ntU. wJaila roofs i u: : 

pavlag tu onhancc 11tlutlY1ly, and hnprovme.nl Ml bufldhla ucl con,ir .1 c 
1101 prmctifea. . 

F'cure A.-4 co111p9ru- 1mtt11doi, o,1lo~ ind Talc A.5 pvc1 ,11c paa1,l' i 
est lma1c1 •r net ce,t ~nd e111lsstan rtllucdm11 ror •vent aptions. la m 'l-> 

be eenphl,iZGd 1bl lfw 11blo ,n•ntt lllo panc1•1 all1n11• •f the 111e1.d1mm 
1eellnical poteatfaltereldl apdo1. 1hec1Jc11)11fon of COlt••ffa:cfwuu n 
liptl11a efficiency, tor e11ample, doet Mt con1lde1 whelllcr Cbe HppJy 
Halt h1b1 ceuld MDI Ille cfm1IIII wflh cumnt PfV'ucclall cap1chles. 1~ o: 
does 11 cmsldcr tlie eracte.off be1wcca expendhura on Ualit IN:l1'ba 111d ~ 1 

lle11kh care, educlllGa. or bade shelter for low-income fa,aHfcs. 111 11d :J ; 
tio•, Clien: is a dangeC'of 10me .. dou•le countln1." fouicaaplc:. in thca:c: 

• ur energy ,upply boll ntich:air_ aod narurat gas ICQCCI)' CJP!lons. ass1.1ine --~ 
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lADLF. A.5 Ompll'f•o11 of Sdcctri Midptloll o,-fotll In 11,c United SWCI 

Pw,aJW l!nll1"°' .. 
Rc•cdtn1 

- Nee f111plt1111ui.t11dcm (I <X>i cqulwole1t 
Cost• per_fCU) ----- ·------

Btlldfnc etmo cfficlCIIC'J 
Veldcle effidenc.7 (no llcff daanp) 
l11it111trl11I OIIIIJ1 IMl•&C'ltlClll 
Tran1,ort1llon 1yn111 111m,el'l!Cl1t 

Powec ptant lied'* (fflJIJCMnlenll 
Lftlfll t• ~allccdon 
Hdoc.,.oa-t'.fC' UN!iC: raJ1\.'Cia11 
,\Jrlr:ullllfe 
Rd'um1a1fon 
Bl«trlci1y w_,ply ----

Noe bedclt 
Net beooftt 
Ntt hcndil eo low colt 
Net beacllieo la• COIi 
Nd beoefit fO towcos1 
Low COIi 
Li,w COil 

Loweo11 
Lew ID wdmte coa,4 
L1w 10 mtc1ertte COil~ 

•Nee bcadll • ce11 ka •111 or"aallo aero 

POI anlllcuf 
lOtmlllfon 
Mmtlllun 

jO 111lltlon 
.sn fttllllan 

lO0mlillon 
1-41to million 
lOO"lll\lllon 
201hdlhHl 

JOOO a1lllon' 

1.ow eo11 •co1, biMea st .. , s, ,er inn ., ms .,. .. ,w.1cn1 
Mod1t111 Cllfl • cast •••ca SIO ud ffl per 40ft of 00. equJ,llcril 
HIJll c-, • COIi ef S ICJht 1119ft ,er IOI of~ eqtah,aJad • 

tnJs '"1nuh1191a fe ...... poltllli.al emulon ndtdN IIIIIHICI 100 p!CCNl 
ln'fllallltlf<lflc,t tlCft opt• fa teMCNIIMI IPfHtllflftl 111411 aa .;.11111110 -.,.r 
lloanct•• ••loamt,c1kli11, 

l"fltt. depaNI• OI lM IIOW n)lle1111nt11lon kwl ill4 II conlNrcnitl. 11111 
rcpc•111 a •1IUJI nl• orpm,IW.nla • 

'aolN potilaH di> !all la low cod, bul h la IKII poall'k C• delcmilll 1he uoanl 
or -••lu• obl1l1N1t •• lbt C:OA, • 

'The pocC111111 tmlmllll ffiluat111 r« tleclridlr 111PJ117 ..... II ICbl&lly .,. 
MJ COa hllhallnt per ,...,_ blf HIIO Ml II lfloMI ILi• to rea.ri It. aW.. 
taa1'9fas effecl. 

NOTB: Htrc and \lnu,taNI Ilda iqorl, 101111comctric. 

SOOltCE: Cuptet 11 ur &be Mfipilatt Panel n,ort. 

pt1cc1mat of lkt Mille caaJ.fared power pl1nt5. Table A.S, howc,er. p,o, 
1ent11 oaly options that 1vold •ultl• comart.1- FltllHy, 1lthGtp din fa 
evtoence 11111 efflclcncy prupn1s can p11. cu 11 m field a\llde.Me ,hc>w• 
iq suceen with ()fflll'IIIIIOft 1M IUAIYI ICl1e ......... 11,re. 1'hD1 tbeN 
may be very ,COIi reuo111 wl1y 41atptlve COIi oplfum• oa di. rfptt III not 
itnpemenred 1odny. • 

1'\i: Uni~d S111ta ca11rd rc•e 111 1rce1iltvu10 JH cmi11i•111 by htween 
fO and 40 pc:rcc:11t of the 19,o lewl1 lit low cost, or perh1111 ron1e net 
11\Y'irlp, if 1ropcr poncies are lmplem~ntal 

11, 

IO 

J :. ; 

1,(1 

J : 1-~_.jL_,,_ ___ __.~===-um_1n;1 __ 1_ .. _..,._._~_•_c.._1 _ 

' 0 

I ·11 

1005.llmaU.LI. co, 
,.,,..,_, Hllliclnl 

'-... 
.... '------..L....----...L-----....1..----J., 

4 , . . 
IMIIDllfllOIIC110N Ollb~CO, ..,.... .. ,...,,.,., 

FIGURE A.A Coa1p11f1an of mitf8&11Dfl opt(OIII. t'Md pote,11•1 rteh1ctiu11 or CO]­
•"'•Jnt nfnl• lle111pffld l'Olbe cosc 5n doJl■n 111rtn11 or COJ reducitOII, Oi11oo~ 
arc ,a11~1t l1N1 lel 10 rl1flt 1, CCj mlHIIOS eccardlns •• COit. Scmc 41pti11111- m0w 
IM puulbf111y el' rcdilcdlnl- of 0>1 Hllsllea at I net ...... . 

SOUaC& Cl1111er 11 el' the Nporl d lbe Mitl111fon Placl. 

ADAP'l1NG ro Al>DlTJONAL OREINIIOUSI WARMING 

JI. Wflt 11111 .. n -' ""'""'' ,ysttnlS .r.,r w•llhout ,mlrM11c~1 

Fam•n lldjnt lbelt cc1111 aad cuklvatlo11 pnclkea Ill snpcmse to fft•lic: 
plllffl>I over tfn,e. N1wnl cco.y,1eaa1 lltu 1d1pt t• cllanaln1· condition• . ~:.:::::~.:~~:::=JwUl be able :(: 

Many r11&1aan sy1taM hav• decialtn and tnvc:.,ttru:Dl cycloa an: tbor:c: 
1b11n th1 thn In wlddl lmpac&1 of cH11ar. cblAI• -.ufd btc-Olf'C unJfcm -
Thole ayarcm1 hi the Unlled Statrs 1hollld be 1blc co •djDst to clJull' • • 
ehaqe wlt•aul FY1n11Det111 intaYcntlad. u 1011 • i1 ii 1&'11!l>■L 111d lr,­
ronMs&on altou& 11w .-, of cbuge 1, wldcly nailllde. thl• appliei to 
1glcut1-.rc. comme~1al foretll')'. 11d moll of indmtry. lndu1r{1l sec.rem: 
.,,Jth cxwemcly Joni urtelllmall cydea (e.g .. 1ruaport 1y1-1em•. ti~ lnfi 1. ­

struct1tre, artd 1111Jor Jlmcturc1 ■114 faellltlea) or requiring llt,h volume• of 
wam may req11in: special allHtion. Coastal urban sctllemcnu would 



-,-

THE WHITE HOUSE 

WASHINGTON 

August 19, 1997 

TO: Peter orszag 
David Sandalow 
John Gruber 
Bob Boorstin 
Larry Summers 
Jim Steinberg 
Gene Sperling 
Dan Tarullo 
Katie McGinty 

For your information. 

Todd Stern 
Staff Secretary 



~7odd -
v( / ( .._ IO /J / .__,,, ,> 

no v e , J-f ~ 1 J 

--> .,,._~-,,-I 

' 



B>F 
ENVIRONMENTAL 
DEFENSE FUND 

To: 

From: 

Date: 

MEMORANDUM 

White House Task Force on Climate Change 
(By Hand Delivery) n { ) 

Dan Dudek, Senior Economist ~ 
Annie Petsonk, International Counsel ~ 

August 13, 1997 

Capital Office 

1875 Connecticut Ave., N.W. 
Washington, DC 20009 
(202) 387-3500 
Fax: 202-234-6049 

Re: Climate Change Negotiations: Some Progress, Some Potentially Serious Setbacks; 
Clarity and Focus Urgently Needed 

The Administration's Kyoto Protocol proposal advanced in some significant measure at the seventh 
session of the AGBM in Bonn last week. But it also suffered potentially serious setbacks and 
fragmentation on a number of key elements. We are concerned that these problems, which are now · 
embedded in the draft text that will be circulated prior to the eighth session in October, will undermine 
the President's ability to conduct effective outreach domestically, including, and most particularly, at the 
White House Conference. We therefore urge the Administration to move swiftly during the 
intersessional period to rectify these problems. We recommend that the Administration conduct high­
level outreach to key negotiating partners and to the Chairman of the AGBM, Ambassador Raul Estrada, 
to clarify and explain the environmental and economic advantages of the Administration' s position, and 
to focus understanding on the integrated nature of the Administration' s proposal. These intersessional 
consultations are needed to lay the foundation for a clear and decisive Administration follow-through at 
AGBM-8 and Kyoto; similarly, the Administration's position vis-a-vis Congress can be strengthened by 
utilizing a parallel very high-level consultation approach with Congress, especially the Senate, during the 
run-up to the next Bonn and Kyoto meetings. 

Our summary of these key points follows. While a number of the points below may seem like fine 
details, in fact, it is these elements that will form the critical fabric of the new international system for 
carbon transactions. 
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Date: August 13, 1997 

The Clinton Administration's International Climate Change Policy: 
Some Progress, Some Serious Setbacks at AGBM-7; Clarity and Focus Urgently Needed 

The following brief analysis summarizes the outcome of AGBM-7, held in Bonn, Germany, in August 
1997, with regard to the key flexibility elements of the Administration' s Kyoto Protocol proposal: ioint 
implementation, trading, and the emissions budget infrastructure. A concluding section discusses 
congressional outreach in light of these results. 

I. Emissions Budget System Infrastructure. 

A. Vintaging/Traceability. Reporting, Review and Compliance. The Administration' s Kyoto 
Protocol proposal occupies the environmental and economic high ground of credibility in part because of 
the high level of accountability that can be achieved with a budget-trading-JI system. Accountability 
depends critically, in particular, on reporting, on traceable "vintaging" - that is, the ability to trace 
carbon-equivalent units (CEUs) in the trading system back through each transaction all the way to their 
origin. Accountability also depends on standardized reporting and review, and a staged compliance 
regime that will actually be deployed in cases of non-compliance. The importance of these 
"infrastructure" elements, and the way in which they work together to provide the accountability that is 
key to the environmental and economic success of the system, are not well understood by delegations in 
the international negotiations. 

The Administration needs to explain clearly to key negotiating partners at high levels the 
importance of the budget infrastructure and the way in which the infrastructure elements interact 
to provide the environmental and economic accountability that is key to success at Kyoto. 

1. Traceable Vintaging 

• The Administration needs to clarify that for compliance purposes, it is essential that in all 
emissions transactions, whether joint implementation or trades, the "vintage " - the country 
of origin and year of initial transaction history - must be fully traceable all the way back 
through to its origin. 

➔ In the case of JI projects, the carbon-equivalent units (CEUs) should be traceable back to 
the host country where they were originally generated, with identification of the year in 
which they were generated. 

➔ In the case of trades among nations with budgets, the CEUs should be traceable back to 
the country that originally sold the carbon-equivalent units as part of its national budget, and 
the year in which the CEUs were originally sold. 

• This "trace-back" mechanism 1, coupled with annual reporting on budget performance, 
provides the critical compliance feedback that is essential to the integrity of the budget and 
trading system. 

The trace-back feature can also be thought of as "sticky" vintaging - "sticky" because the 
geopolitical and temporal origin of the CEUs "stick" to them throughout their transactable life 
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➔ Traceability could be assured simply by serializing all CEUs internationally, including 
both emissions budget and ll-generated CEUs, and requiring that all transactions be recorded 
with the secretariat by serial number. n projects that generate CEUs would need to report 
those to the secretariat and record their serialization in order for the CEUs to be transactable. 
The secretariat would keep a permanent record of the origin of the CEUs by nation, year, and 
serial number. Such serialization would also facilitate electronic transactions. 

• With this approach, the original country of origin and year of origin for any CEUs would be 
known, regardless of how many times the CEUs had been traded internationally, and regardless 
of whether the CEUs originated in a national emissions budget or in an project. And with 1 
annual reporting on national budget performance, the market price of serialized CEUs would 
reflect market perceptions of the strength of each nation's compliance program. The uh'? ., 
combination of traceability, annual reporting, review, and staged compliance mechanisms 
provide powerful feedbacks that direct market forces in favor of compliance. Without this 
feedback, however, the accountability provided by the integrated reporting, review and 
compliance system would be severely compromised. 

2. Reporting, Review of National Budget Performance, Establishment of Next Budget 
Levels, and Compliance. The Administration's proposals in each of these areas, and the way that 
these proposals interact with and form essential components of, the overall budget structure, are 
not well understood by delegations. For example, delegations do not yet grasp the importance of 
using the structure of the emissions budget and trading system to promote compliance. 
Furthermore, the text that came out of AGBM-7 is littered with reporting and review proposals 
that are unmoored from other system elements. Also a number of proposals have been made that 
would invite governments to fiddle with budget levels during a budget period. Introducing such 
uncertainties into the budget process would greatly undermine the credibility of the agreement in 
the investment and business community, to its environmental detriment. In the intersessional 
period, the Administration could advance its case considerably if it were to: 

• Clarify its explanation of the proposed reporting, performance review, budget-setting, and 
compliance mechanisms. The compliance picture would be clearer to countries if the 
Administration were to explain the timeline of establishing a budget, annual reporting, 
science and technology reviews, performance reviews, compliance mechanisms, and 
establishment of the next budget. 

• Make clear its opposition to mechanisms that would allow budgets to be re-set during a 
budget period. 

• Clarify that a range of options exists for reviewing national budget performance. 
Unfortunately, the "implementation review team" concept is being used against U.S. 
interests by those who would like to prevent any international agreement. Those who seek to 
frustrate a Kyoto outcome are using the prospect of in-depth reviews, particularly on policies 
and measures, to incite fears about intrusions into national sovereignty. To counteract this, 
the Administration should make clear that Parties may use existing mechanisms that they 
have already accepted, such as the national accounts analyses prepared by the Organization 
for Economic Cooperation and Development (OECD), the energy production and 
consumption analyses done under the auspices of the International Energy Agency (IEA), 
and the agricultural production and inputs statistics compiled by the Food and Agriculture 
Organization (FAQ). These mechanisms, which may involve international review teams that 
evaluate national performance, can yield good performance data without raising undue 
concerns about intrusion into national sovereignty. And, since the performance objective of 
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a Kyoto Protocol will be set in greenhouse gas emissions tenns, what a nation is doing on 
policies and measures will be far less important than how it is doing with regard to 
greenhouse gas emissions. The perfonnance-based reviews of the OECD, IEA and F AO are 
thus a more accurate vehicle than policy-and-measure reviews when it comes to obtaining an 
independent check on national perfonnance. Furthennore, if vintaging is used, then third 
party private service will also provide evaluations of creditworthiness 

ll.... Coverage, Budgets, and Length o(Budget Period. 

1. Coverage. The Administration made significant progress at AGBM-7 in getting delegations 
to understand that it is highly preferable, environmentally, to include all gases, sources and sinks in the 
Protocol. The Administration successfully rebuffed attempts to force categorization of GHG-emitting 
activities by sector and source, and the delegation did a good job of explaining that categorization would 
be environmentally sub-optimal since it would wind up excluding major emitters. That approach should 
be maintained through Kyoto. With regard to sinks, it was rumored in Bonn that the EU opposes 
including sinks in national baselines because EU forest cover has declined since 1990. If that rumor is 
correct, the U.S. should not shrink from making this known more broadly, and should explain to EU 
governments and NGOs that including sinks in national baselines would provide powerful incentives to 
halt and even reverse the rate of forest loss. 

2. Budgets. It now seems that the concept of budgets is generally accepted internationally. 

3. Length o(Budget Period. The length of the budget period is closely linked to the robustness 
of the tracing system. Without serialization of CEUs and traceable vintaging, budget periods would need 
to be short in order to bolster accountability. But short budget periods place greater strain on the 
international compliance regime, since, given fluctuations in business cycles and weather, it is more 
likely that more nations will be out of compliance with budgets of a few years,than with budgets of a 
decade. And strain on the international compliance regime should be avoided if possible, since, in any 
international agreement, compliance represents the greatest challenge. 

• Therefore, when the Administration puts forward its timing and levels proposal, it should 
ensure that a decadal budget period, which has the potential to deliver improved 
environmental and economic perfonnance while providing a stable investment horizon and 
bolstering the legitimacy of the new international system, is integrally linked to traceable 
vintaging, reporting, and the staged compliance system proposed by the Administration. 

II. Joint Implementation. JI with developing countries, an essential linchpin of the Administration's 
proposal, suffered potentially severe setbacks in Bonn. JI is key to addressing the competitiveness and 
environmental concerns underlying S.Res.98. 

A. The Subsidiary Body on Scientific and Technological Advice (SBSTA) decided not to 
discuss the methodological issues in JI at its next (and last before Kyoto) session. This means there will 
be no agreed method of crediting for JI, even if JI crediting were to be agreed in principle. Governments 
at Kyoto will be reluctant to support crediting for JI without first settling the methological issues. The 
Administration should work with other governments at high levels to build support for an extraordinary 
session of SBSTA to be held immediately prior to COP-3 to resolve the JI methodological issues. The 
basic issues, which the Administration should coordinate with other interested governments at high 
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levels, are straightforward, and include such principles as steady (rather than rolling) project baselines. 
These issues can be clarified readily in high-level consultations. 'Jhe forces of delay must not be allowed 
to hold JI credit hostage to interminable wrangling over methodologies. 

B. Proposals to subject the n Pilot Phase to paralysis-by-analysis gained ground. Those who 
oppose any agreement at all at Kyoto also support subjecting the Pilot Phase of n to such lengthy and 
detailed analysis so as to ensure that a political agreement on n credit will never emerge prior to the 
Kyoto meeting - or well into the next millennium, either. Contrary to the claims of many, the Berlin 
Decision on n does not require a review prior to concluding the Pilot Phase, but rather provides that "the 
Conference of the Parties shall take into consideration the need for a comprehensive review of the pilot 
phase in order to take a conclusive decision on the pilot phase and the progression beyond that, no later 
than the end of the present decade. " No comprehensive review is necessary; nations participating in the 
n pilot phase have generally conducted their own ongoing reviews, which could usefully and readily be 
compiled; and in any event the reviews indicate what is already widely known: in the absence of credit, 
the pilot phase has not been robust. 

• Rather than acquiescing to those seeking to block agreement at Kyoto by postponing n for 
credit, the Administration should move swiftly and at high levels to build support among key 
countries for ending the pilot phase at Kyoto and beginning JI crediting promptly in 1998. 

• Beginning crediting in 1998 implies that n credits earned from 1998 to the start of a first 
budget period could be credited toward the participating nation(s)' emissions budget(s). 
Obtaining clear international agreement on crediting/or pre-budget JI would advance 
domestic support for the Administration case considerably - the Administration should make 
this a high-level priority. 

C. The current text proposes quantitative limits on n. The text coming out of AGBM-7 contains 
(admittedly bracketed) proposals to place quantitative limits on the amount of n that any industrialized 
nation may use to satisfy its emissions budget obligation. Such quantitative limits would seriously 
under-incentivize n, for, just as any other type of quota or quantitative restriction on trade, prospective 
investors would refrain from investing in particular JI projects for fear that those particular projects 
would subsequently be disqualified for having exceeded a national quota. In fact, quantitative limits on 
n could give projects a perverse incentive not to do well on reducing emissions - for any one project that 
did better than expected in reducing emissions could find itself disqualified if those emissions reductions 
exceeded a national quota in an investor country. And the presence of quantitative limits would vastly 
and needlessly complicate cooperative projects involving multiple investor nations, because each 
investor nation would have to ensure that its share of any particular cooperative project did not bump up 
against its national quota. 

• In the intersessional period, the Administration should clearly and decisively oppose JI quotas, 
and should make the environmental case for its position known around the world. 

D. The current text provides that n projects shall not have any "adverse environmental or social 
effects." This language, while on its face seemingly laudable, would be highly problematic to implement 
in practice. The language would render every single n project subject to challenge and disqualification 
at the international level not based on its emissions performance (which should be grounds for 
international challenge), but because of any adverse environmental or social effect, no matter how small, 
no matter how much outweighed by environmental and social benefits. Twenty-seven years ago the U.S. 
considered adopting such an approach as a tool of national decision-making, and squarely rejected it. 
Congress chose instead to require federal agencies to assess the environmental impacts of their major 
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actions, and to allow the agencies to decide, after weighing the impacts and benefits, what course of 
action to take. Similarly, the decision whether to go forward with a particular JI project should rest 
squarely with the nations involved in the project, and should be undertaken in a transparent manner. It 
would be outside the competency of the Framework Convention, which is a convention on climate 
change, to evaluate the non-GHG environmental and social effects of JI projects. The transaction costs 
of such assessments would further weaken the economic incentive to undertake JI investments in the first 
place. 

• The Administration should make clear to its negotiating partners that the responsibility for 
assessing the environmental and social effects of JI projects - and their consistency with 
national development plans and priorities - rests squarely and solely with the Parties 
undertaking those projects. 

• The Administration should also support a challenge and review procedure whereby JI 
projects may be subject to international challenge on the basis of an alleged failure to 
produce claimed GHG reductions; and that any such international challenge would trigger 
an international review of project performance in terms ofGHG emissions . . 

III. Emissions Trading. There is now considerable interest in emissions trading among delegations. But 
the EU remains deeply internally divided on the issue. 

A. Emissions Trading and the EU Bubble: A Trade and Competitiveness Issue. As the 
delegation of Japan pointed out in Bonn, an EU bubble in the absence of a full-access trading and for­
credit JI system would confer unfair trade advantage on the EU. Key senators are already well aware of 
the competitiveness aspect of the EU Bubble, since the point was emphasized in testimony by the Global 
Climate Coalition before the Foreign Relations Committee and was reiterated by Foreign Relations 
Committee members in the floor debate on S. Res. 98. Cost and competitiveness issues are becoming 
acute within the European Union as member states struggle to meet the 3% Maastricht target for 
monetary union. Thus, the timing is ripe for high-level overtures to key EU officials on trading, JI, and 
the EU Bubble. Surprisingly, however, international reports released shortly after the Bonn meeting 
rumored that at AGBM-7, the U.S. relented on its opposition to the EU bubble. It is therefore essential 
that the U.S. move promptly to clarify its position on trading and the Bubble. 

• During the intersessional period, the Administration should undertake very high level 
consultations on emissions trading and for-credit Jl These consultations should be 
undertaken with EU Ministers for Trade and Competitiveness, especially Germany, on the 
EU side, and with high-ranking trade officials on the U.S. side. 

• In undertaking these consultations, the Administration should clarify that if the EU bubble is 
the EU's way of implementing a fully developed, internationally agreed emissions trading 
system that includes for-credit JI with non-budget nations, then the EU bubble would be 
acceptable to the United States. Otherwise, the EU bubble would be unacceptable. 

Trading and Policies and Measures. At Bonn, the U.S. opposition to internationally mandated 
policies and measures was clear and understandable to most delegations. Yet, some EU delegations in 
particular feel wedded to obtaining some internationally agreed policies and measures. The question 
then arises as to whether there is a set of environmentally useful international policies and measures that 
might meet the EU concern for some international agreement, while also addressing the U.S. concern 
that such policies and measures not operate as trade barriers. The set of international activities that do 
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not fall neatly into national emissions budgets comes to mind, i.e., greenhouse gas emissions from 
international bunker fuel consumption (aviation and marine transport). 

• The Administration should explore, at high levels, the possibility of an internationally agreed 
greenhouse-gas-performance-based policy on bunker fuel emissions. Although international 
interest in and pressure for an aviation fuel tax remains strong, domestic support for such an 
approach is weak, and the environmental effectiveness of a moderate tax in reducing bunker 
fuel emissions is quite doubtful. 

• Therefore, the Administration 's high-level policy discussions on bunker fuel emissions 
should focus on the concept of an emissions budget and trading system for international 
aviation and marine bunkers. 

• While ultimately the Parties could decide that such an approach could be administered 
through the International Civil Aviation Organization (ICAO) and the International Maritime 
Organization (IMO), those entities currently do not provide sufficient transparency and 
cannot, under the UNFCCC, become Parties to the Rio Treaty. Therefore the prefen-ed 
approach would be for the Parties to the UNFCCC to decide, as a common policy and 
measure, to develop an emissions budget and trading system for international aviation and 
marine bunkers. Such an approach is already currently under consideration within the 
European Union. 

IV. Congressional Outreach. It is essential that the Administration engage the legislative 
constituencies, in particular on the Senate side, that are most likely to be concerned about each of these 
elements. That engagement should be done in an intensive manner during the intersessional period, so 
that the time of the much larger delegation of congressional observers who will attend the October 
session will be spent advancing, rather than undercutting, the Administration' s proposal. There are 
important Senate constituencies that are likely to favor each of the key elements outlined above if given 
adequate background and opportunity. The remainder of August and the whole of September provide an 
important time window in which to build those constituencies. 
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Climate Ch acks and the Need for Clari and Focus 

1. JI and China. The views of China about n are changing. Chinese government officials involved in 
the climate change issue, at all levels but with one well-known and notable exception, have begun to 
recognize the value of for-credit n in terms of spurring foreign direct investment in high-efficiency 
technologies and cleaner energy production. As one Chinese delegate to the climate negotil'\tions said in 
Bonn last week, "It is meaningless to discuss 'transfer of technology' unless you are discussing n for 
credit. China understands that there is no such thing as a free lunch." 

China appears poised to propose a slate of n projects that could be announced as early as the US-China 
Summit scheduled for later this year. To pursue this opportunity, the Administration may wish to 
undertake very high level consultations with Mr. Song Jiam, who was the head of delegation to the 
United Nations General Assembly Special Session (UNGASS). These consultations might usefully be 
coordinated through the Chinese Embassy in Washington. The consultations could approach the 
upcoming US-China Summit as an important opportunity to present a joint slate of n projects that the 
two countries, as sovereign and equal partners, would undertake. It is important to keep in mind, in 
undertaking these very high level consultations, that the approach of the US Initiative on Joint 
Implementation (USIIl) is perceived by many in China as paternalistic. It would therefore not be 
desirable to initiate action through USIIl. Rather, a shared approach in which the two sovereigns, 
operating at the highest levels, jointly identify a slate of JI projects, is more likely to achieve real results. 

2. Evolution: developing country commitments. This core issue for the Administration's relationship to 
Congress, as difficult as it seems, offers real opportunities to reach an agreement in Kyoto, and to pair 
that agreement with a follow-on agreement on developing country commitments. Most developing 
countries do not understand the U.S. proposal on growth budgets. Nor do they understand the evolution 
from n, with heavy transaction costs of project-by-project certification, to a full and fluid trading system. 

• The Administration should clarify, through strategic consultations with key developing 
nations, including China, India, Brazil and Malaysia, its proposals regarding growth budgets 
and Jl These consultations should draw on specific examples to illustrate for developing 
nations the nature of the evolution from JI to full trading, and the important environmental 
and economic opportunity presented by the possibility of growth budgets for early adopters. 

• Senate staff attending the Bonn meeting were, overall, quite effective in presenting the Byrd­
Hagel resolution to key developing country delegations. These kinds of consultations could 
usefully be continued at the next meeting and during the intersessional period. One 
important component of the Senate interface is to build a powerful Senate constituency 
willing to advocate strongly for emissions trading and JI as part of a Kyoto Protocol. This 
constituency will understand the role of trading and JI in encouraging, through the 
mechanism of growth budgets, early commitments by developing nations. This constituency 
can provide an important outreach mechanism to developing nations. 

• Finally, but only after these consultations have gained momentum, the Administration should 
undertake quiet further consultations with key Senators, key industrialized and developing nations, 
and key industry and environmental leaders on a discrete set of proposals for linking industrialized 
and developing country commitments in the context of a Kyoto Protocol and a follow-on agreement 
involving large developing country emitters. The Administration should enter into these 
consultations clear in the understanding that during the period prior to implementation of legally 
binding targets for developing nations, for-credit n will play a crucial role. 

DETERMINED TO BE AN ADMINISTRATIVE 

MARKINGINITIALS: t"' DATE:~"' 
']o \ \ .. ((}:}\_, ~ -1 



EIF 
ENVIRONMENTAL 
DEFENSE FUND 

1967 30 1997 
YEARS 

The Hon. Todd Stem 
Staff Secretary 
The White House 
Washington, DC 20502 

Dear Todd: 

August 13, 1997 

NaJional Headquarters 
257 Park Avenue South 
New York, NY 10()10 
(212) 505-2100 
Fax: 212-505-2375 

You may recall my mentioning EDF's upcoming report, "Seasons of Change: 
Global Warming and New England's White Mountains" at dinner at Senator 
Kerry's house on July 31. I enclose the final draft. The report, to be released at a 
press conference in Boston on September 2, discusses the potential ecological and 
economic impact of global warming on New England in general and.the White 
Mountains in particular. Please note that the report is embargoed until 
September 2. The highlights include: 

Disruption of the fall foliage season: Fall foliage displays could be muted • 
due to an increase in dead and dying trees as climate changes. Eventually a 
change in tree species composition may occur, from northern hardwoods and 
conifers, like the brilliant red sugar maples and dark green spruce and fir to 
more southerly species like oak. Even earlier, if summer droughts become 
more common, as is predicted by some climate models, the quality of the 
display may dim. Some trees will drop leaves early, others may never 
produce vibrant colors before dropping. 

A shortened ski season: The length of the ski season and therefore the 
success of the ski industry is inherently tied to weather. There is a potential 
for shorter ski seasons as a result of climate change though added investment 
in snowmaking could mitigate this somewhat. In the report, we discuss a 
scenario that shows a loss of 10 and 20% in the number of winter season days 
with a 3.6 and 7.2 degree Fahrenheit warming respectively. 
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A dramatic decrease in trout habitat According to a recent EPA study on recreational 
fishing, suitable habitat for cold-water fish including rainbow, brook and brown trout 
may be partially or completely eliminated in the White Mountains as well as other 
areas in northern New England if warming occurs as projected by the middle to end of 
the next century. Warmer air temperatures will lead to warmer. stream temperatures 
eventually making habitat unsuitable for cold-water fishes. Lower water levels and 
reduced flows due to droughts could also decrease food availability and prevent fish 
migration to spawning grounds. Warm-water fish may have trouble colonizing these 
streams because they may be unable to tolerate the inherently fast stream flow rates 
found in the White Mountains. 

We believe the report, the first in a series, will provide valuable perspective for citizens on 
the risks posed by climate change. If you have any questions, please feel free to call me. 
Since I will be unavailable part of the time between now and the release, you may also 
want to call Allan Margolin or Bill Roberts, both at EDF in NY. 

MO:gp 
Enclosure 

Sincerely, 

Michael Oppenheimer 
Olief Scientist 
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There is a scientific consensus that emissions of greenhouse gases arising from fossil fuel combus­
tion, deforestation and agriculture have probably contributed to and will continue to cause global cli­
mate change. Current climate models used by the Intergovernmental Panel on Climate Change, an 
international group of more than 2,000 scientists, project that the Earth will warm by two to six 
degrees Fahrenheit by the year 2100. For New England in general and the White Mountains specifi­
cally, global climate change of this speed and magnitude could mean significant and, in some cases, 
significantly negative, impacts to its natural resources, health, and way oflife. In addition to changes 
in forest and ecosystem types and productivity, there exists a significant risk of disruption of the fall 
foliage season, declines in maple syrup production, a shonened ski season, a dramatic decrease in 
trout habitat, and changes in the productivity of the timber industry. 

While comprising a relatively small geographical area, the White Mountain region is home to a 
diverse selection of communities, local industries, and ecosystem types, all of which serve different 
segments of the regional and extra-regional economy in valuable ways. These include the long-stand­
ing traditions of timber management, maple-syrup gathering, and fishing, as well as the more mod­
ern economies of skiing, foliage viewing, and other tourism and outdoor recreation activities. Serving 
local working communities, businesses, second-home seasonal residents, far-flung visitors, and con­
sumers from around the world, the White Mountains are a productive, well-known region of histori­
cal, natural, and economic significance. The continued imponance of the White Mountains relies in 
large pan on the persistence of historical climate patterns, which are now poised to change substan­
tially over the next century. 

By analyzing global and regional climate models, and the structure of local economies and 
ecosystem types, this study illustrates a variety of potential outcomes of not acting to slow climatic 
change that could affect the White Mountains region over the next few decades and century. 
Evidence suggests that the shoner winters; longer, drier summers; and increased frequency of flood­
ing, winter thaws, and summer droughts associated with global warming, would be expected to 
occur in the White Mountains as well. These changes could have profound effects on the forest 
composition, water resources, snowfall, growing season, atmospheric visibility, local weather patterns, 
and ecosystem functions of the White Mountains. 

These changes could lead to negative impacts on industries such as maple-syrup gathering, ski­
ing, and fishing, and mixed, but likely negative, impacts on the overall tourism, recreation, and furest 
products industries. Quality of life and environment, although primarily subjective phenomena, are 
predicted to change dramatically as weather becomes more extreme, species composition changes, 
and economies are forced into rapid transitions. 

The repon considers in detail impacts on the fullowing features: 

Fall Foliage 
The fall foliage season in the White Mountains brings visitors from around the world to 
view its brilliant natural display. The weekends during the fall foliage season, running 
between mid-September and mid-October are often the busiest of the year for the tourist 
industry. This display is susceptible to climate change in a variety of ways. The existing 
forests are vulnerable to decline as a result of climate change. Higher numbers of dead and 
dying uees would mute the hillsides of brilliant colors. As climate change continued, trees 
from further south are projected to stan to replace the northern hardwood and spruce/fir 
forests leading to changes in the colors visitors see, such as more brown oaks and less bril­
liant red sugar maples and dark green evergreens. Even earlier, if summer droughts 



become more common, as is predicted by some climate models, the quality of the display may dim. 
Some trees will drop leaves early, others may never produce vibrant colors before dropping. 

Ski Industry 
The ski industry in New Hampshire plays a significant role in the state's economy and especially in 
the economy of the White Mountains region. Direct spending by ski area visitors in New Hampshire 
during the 1995-96 ski season totaled nearly $190 million, 8.6 percent of the state-wide total for 
direct visitor spending. The length of the ski season and therefore the success of the ski industry is 
inherently tied to weather. There is a potential fur shorter ski seasons as a result of climate change 
though added investment in snowmaking could mitigate this somewhat. One scenario shows a loss 
of 10 and 20% in the number of winter season days with a 3.6 and 7.2 degree Fahrenheit warming 
respectively. 

Recreational Fishing 
According to a recent EPA study on recreational fishing, suitable habitat fur cold-water fish includ­
ing rainbow, brook and brown trout may be partially or completely eliminated in the White 
Mountains as well as other areas in New England if warming occurs as projected by the middle to 
end of the next century. Warmer air temperatures will lead to warmer stream temperatures eventu­
ally making habitat unsuitable for cold-water fishes. Lower water levels and reduced flows due to 

droughts could also decrease food availability and prevent fish migration to spawning grounds. 
Warm-water fish may have trouble colonizing these streams because they may be unable to tolerate 
the inherently fast scream flow rates found there. In the EPA model, the worst case result showed 
that nationally, the number of cold- and cool-water fishing days (defined as person-days spent fish­
ing) declined by 50 million while the number of warm-water and rough guild fishing days increased 
by 64 million. However, because of the greater economic value of cool- and cold-water fishing there 
was a net annual loss of $320 million nationally. 

Hiking and Nature Walking 
The White Mountains region is a mecca for hiking and summer-time recreation attracting millions 
of visitors from sightseers co mountaineers with its spectacular peaks, alpine meadows, and verdant 
forests. The summit of Mount Washington, found within the borders of the White Mountain 
National Forest, is one of the most popular vistas in the world. While global warming will probably 
lead to a longer hiking season fur the White Mountains region, it might also be much less enjoyable 
due to hotter, and potentially drier, smoggier summers and larger areas with dead and dying trees. 
Ground level ozone is already a problem in the White Mountains region. An Appalachian 
Mountains Club study has shown that ozone in this area is comparable co that of urban areas in 
southern New England. Higher heat will exacerbate this further. High ozone levels are damaging to 
both human and forest health. With warmer temperatures and altered climate, the types of forest 
trees in the region are predicted co change. High elevation spruce and fir may disappear early fol­
lowed by susceptible members of the northern hardwood forest community. The process of forest 
decline may include increases in pest and pathogen outbreaks and more frequent forest fires. 
Eventually new forests may become established but during the time of transition, there may well be 
large amounts of dead and dying trees making for a more open but significantly less attractive forest 
for recreation. 

Maple Syrup Industry 
Sugaring, the harvesting of sugar maple sap to produce maple syrup, is a tradition in the White 
Mountains region and throughout New England that dates back to pre-colonial days. To residents 
and tourists alike, it wouldn't be spring in New England without the Maple syrup season. Sugar 
maple sap flows best when night temperatures are cold (less than 25°F) and day temperatures are rel-
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atively warm (greater than 40°F} But both the records of the last century and some climate scenarios 
for future warming suggest that temperatures may warm more at night than during the day. This 
could significantly decrease the number of days for sap flow. Scenarios of temperature increases of 
3.6°F and 7.2°F with warming occurring predominantly at night resulted in a decrease in the number 
of optimal sap flow days by 17 and 39% respectively. 

Sugar maple are also susceptible to mid-winter thaws and summer drought, which may accom­
pany climate change. When snow cover is lost during the winter through a mid-winter thaw, sugar 
maples shallow roots can be killed when temperatures drop again. Large-scale die-offi or declines 
have occurred during the last century when temperatures were warmer than normal. Even before 
the trees die, sap production lessens as trees sicken. In addition, if warming occurs more in the 
spring than in the winter (as some models project), buds may break early, making the sap bitter and 
leading to a shorter, less productive season. 

Timber Industry 
The timber industry is a vital component of the White Mountains region. Timber management 
occurs within the White Mountain National Forest, the largest management unit in the region, as 
well as in forests owned and managed by private individuals, large timber companies, and the state 
government. One EPA model of the effect of warming on the yield of timber species in New 
England showed increases in hardwoods, but decreases in softwoods (conifers). However, in models 
where forest species are allowed to migrate in response to changing climate, some timber species 
associated with this region currently may no longer be able to grow there in the future. 'The timber 
industry in New England has been remarkably flexible in the last few centuries since colonization by 
Europeans began. The industry thus may well be able to adapt to potential losses of spruce and fir 
and some northern hardwood species by potential increases in white pine or oak. However, during 
transition periods before establishment of new forest species, productivity could be greatly reduced; 
At this point we can only suggest that there are potential risks and benefits to the timber industry of 
this region and that further development of forest models is necessary before more accurate econom­
ic models can be developed. 

These predictions, though based on current ecosystem and climate models and observable phenomena, 
can only serve as an illustration of potential outcomes of climate change; no one can predict with certainty 
whether the climatic and ecological response will undermine, destroy, or even benefit local communities and 
economies in the long run. Available evidence and informed judgment indicate, however, that climate change 
will dramatically reduce many of the values we currencly associate with the White Mountains region, and 
that the people of the region face a very uncertain future if current trends continue. 

The most effective means to safeguard the existing mosaic of industries, ecosystems, and communities in 
the White Mountains from the consequences of climate change is to slow and eventually reduce the emis­
sions of greenhouse gases. Such a change cannot be effected by the people of New England alone. As with 
all other regional economies and ecosystems, their fate is tied to the wisdom of nations and people around 
the globe, specifically to international commitments to stem pollution. A better future for the White 
Mountains can be secured by local, national, and international cooperation to combat global climate change 
by reducing greenhouse gas emissions. Failure to do so may well have profound repercussions for all regions. 
This study offers a detailed picture of just one of those regions, New Englands White Mountains, and an 
example of how global climate change can have tangible impacts at the local level. 
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There is a consensus among climate scientists that emissions of greenhouse gases due to fossil fuel 
use, deforestation and agriculture have probably caused and will continue to cause global climate 
change. Computer models of the climate are beginning to provide improved estimates of how much 
and how fast climate will change. Because several greenhouse gases survive in the atmosphere for 
many decades or even centuries after release, continued emissions near or above current rates would 
mean continued climate change and warming for centuries. Decision-making on emissions limita­
tion would be improved by increased understanding of how climate changes could affect our natur­
al resources, our health and our way of life. 

To begin to approach this issue, we decided to look at a specific location, the White Mountains 
region of New England, and to illustrate a variety of potential outcomes of not acting to reduce emis­
sions. We portray a range of visions based on what we know about the vulnerabilities of this system 
to climate change as it relates to different sectors and users of resources in this region. We have also 
looked at what values are at risk. both in terms of the economic cost to society and also in less quan­
tifiable ways-for example, being able to return with our children to a favorite trout stream we visit­
ed as a child or smelling the maple syrup boiling in the air of a cold, early spring morning. 

The issue is very complicated, especially when we look at how it will affect us personally, where 
we work and play. This is because we must examine not only how climate change could affect our 
forests, towns, and health directly-but how climate changes interacting with all the stresses that 
have already been imposed by natural and human causes-would affect these things. Another prob­
lem is assessing how our behavior might be altered in response to these changes. 

This report presents a preliminary and largely qualitative attempt at portraying how integral cli­
mate is to the people who live in, visit and appreciate the White Mountains region. More research is 
needed to quantify the projected alterations. But it is clear that, according to our current under­
standing, the magnitude and rate of climate change projected to occur in the next hundred years­
that is, within our children and grandchildren's lifetimes-is sufficient to substantially change the 
White Mountains region. 
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The White Mountains region of New England is 
located within the states of New Hampshire and 
Maine. It lies in the northern portion of New 
Hampshire within the counties of Grafton, 
Carroll and Coos in New Hampshire and Oxford 
county in Maine. It also includes the White 
Mountain National Forest in New Hampshire 
and Maine (770,000 acres). The White Mountain 
National Forest is a beautiful and popular recre­
ation area. Heavily forested and mountainous, it 
includes wilderness, timber and wildlife manage­
ment areas and the largest alpine area east of the 
Rocky Mountains and south of Canada. The 
Presidential Range of mountains, found within 
the borders of the National Forest, include 5 
peaks above 5,000 ft (1524m) with Mt. 
Washington, at 6,288 ft (1916m), renowned for its 
spectacular views and equally extreme weather. 
Over 6 million people visit the National Forest 
each year for hiking, skiing, fishing, viewing fall 
foliage, or simply to enjoy the view, making it one 
of most visited in the country. Beyond the 
National Forest, the White Mountains region con­
tains hundreds of towns that rely on tourism, as 
well as the timber industry, for their livelihood. 
The way of life for many residents of the region is 
to combine several different enterprises such as 
making maple syrup, farming, and working in the 
service and retail sectors catering to tourists. 
Residents and tourists alike are strongly attached 
to the rich natural landscape of forest, streams, 
and mountains. 

This report will focus on the vulnerabilities 
and risks of climate change to the people and 
industries of the White Mountains region. While 
many uncertainties remain, there is a consensus 
among climate scientists that human activities, 
primarily the burning of fossil fuels, are chang­
ing the Earth's climate. 1 One predicted repercus­
sion is an increase in global average temperature 
above 1990 levels of from 1.8 to 6.3°F (1.0 to 
3.5°C) by the year 2100. 2 On a global scale, rain 
and snowfall amounts and timing are projected 
to change, as well as the frequency and severity 
of storms and the incidence of both drought and 
flooding. 3 Global climate change of this magni-
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tude and speed is unprecedented in the last 
10,000 years. 4 

In this report we will explore which sec­
tors and users could be most affected by pro­
jected climate change. Our focus will be on 
what activities and industries are particularly 
vulnerable to changes in climate and what 
factors might contribute to that vulnerability. 
Vulnerability is contingent both on how 
dependent an activity or industry is on cli­
mate (e.g., a successful ski season is depen­
dent on a cold winter) and how current 
stresses like pollution and development might 
increase its sensitivity to climate change. 
Our analysis of these vulnerabilities paints a 
preliminary picture of the risks to this region 
from climate change. This report contains 
scenarios, syntheses of existing model results, 
and suggestions as to how models could be 
improved-as well as some speculation based 
on our basic understanding of the systems 
involved. Our goal is to highlight where vul­
nerabilities exist, who would profit or lose 
from changes, and what these changes could 
mean to us as a society. Further research at 
the local and regional scales will clarify what 
the coming decades may be like in a world 
where climate is changing. 

The following sections will discuss how cli­
mate change could affect a variety of activities 
and industries dependent on natural resources in 
the White Mountains. We explore the potentials 
for the disruption of the fall foliage season, 
declines in maple-syrup production, a shortened 
ski season, a decrease in trout habitat, and 
changes in the productivity of the timber indus­
try. In addition, we explore how changes to the 
natural resources base of the White Mountains 
region could affect the lifestyle and economies of 
towns that are dependent on natural resources as 
their primary source of income. • 

Understanding what sectors are vulnerable to 
climate change, the risks involved, and some of the 
underlying reasons why specific changes may come 
to pass will help us all make decisions on what 
actions we can take now to reduce these threats. 



The Greenhouse Effect and Global 
Warming: How Will the Climate of 
the White Mountains Change? 

The burning of fossil fuels such as oil, coal and 
natural gas, by cars, trucks, power plants and facto­
ries has substantially increased the amounts of 
greenhouse gases in the atmosphere relative to pre­
industrial levels. Large-scale deforestation has also 
added significantly to greenhouse gas concentra­
tions in the atmosphere. Today's atmospheric con­
centrations of CO2 are 30 percent above the 
pre-industrial levels of 200 years ago5. Other 
greenhouse gases, including methane, nitrous oxide 
and tropospheric ozone, have also been increasing 
due to a variety of sources of emissions including 
agriculture, biomass burning, and landfills - in 
addition to fossil fuel use and deforestation. 

Greenhouse gases are known to affect the cli­
mate. The eanh and atmosphere absorb solar radi­
ation and radiate heat back into space. Greenhouse 
gases, both natural and human-generated, trap a 
portion of this heat that would otherwise escape 
into space. This baseline "greenhouse effect" is 
essential to the eanhs climate: without it the aver­
age temperature would be about 0°F (-l8°C) instead 
of 60°F (16°C). However, human-generated green­
house gases have augmented the concentrations of 
naturally occurring greenhouse gases to the extent 
that they are beginning to affect earrh's climate. 
Current climate models predict that continued 
growth in concentrations of greenhouse gases will 
lead to increased surface temperatures (global 
warming) and changes in the amount, frequency, 
and timing of precipitation. The average global 
temperature has risen by 0.5 to I °F (0.3 - 0.6°C) over 
the past 100, years and the eleven warmest years in 
the past 100 have occurred since 1980. Glaciers at 
mid-latitudes are receding. Intense rain and snow 
storms, fewer extremely low minimum tempera­
tures, and other climate anomalies consistent with 
predictions of climate change have been observed 
with increasing frequency.6 

Applying global climate model predictions to a 
specific location like the White Mountains region is 
a very difficult task. First of all, many geographic 
features such as lakes, mountains, and rivers­
which are very important in determining climate 
and weather at local scales-are too small to be 
resolved by existing continent and region-scale di-

■ White Mountain National Forest 

The White Mountains region lies within Grafton, Carroll 
and Coos counties in New Hampshire and Oxford county 
in Maine and includes the White Mountain National Forest 
in New Hampshire and Maine. 

mate models. Yet these features can make a big dif­
ference in exactly what climate or weather a partic­
ular location will experience. Weather refers to the 
changes in temperature and precipitation we expe­
rience on a day-to-day basis while climate refers to 
larger seasonal patterns. While it is hard to predict 
weather more than a few days in advance, climate 
can be modeled over long periods of time with a 
high-degree of accuracy. Models are being devel­
oped that will be able to project climate accurately 
for smaller regions. However, storm and drought 
frequency, and unseasonably cold or hot periods for 
particular locations are beyond the predictive 
capacity of existing models. 13 Unfortunately, it is 
just this scale of climate information that is most 
important in assessing affects on natural ecosys­
tems. Currently, we can obtain the results of global 
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climate models that show temperature and precipi­
tation projections for central Nonh America as a 
whole and, for some models, New England. From 
this we can make some educated guesses as co what 
these forecasts might mean for the White 
Mountains region specifically. It should be borne 
in mind, however, that as regional and smaller scale 
models improve, climate predictions for specific 
locations will improve but may diverge from our 
current estimates. 

In general, warming is predicted co increase with 
latitude, with the largest warming predicted co occur 
in late autumn and winter. Therefure New England 
and the White Mountains will generally experience 
higher than the globally averaged temperature 
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increases. 14 In scenarios where COi concentrations 
doubled and climate was allowed co reach equilibri­
um, which would occur several decades thereafter, 
New Englands average annual temperatures were 
predicted co increase by 6 co 14°F (3 co 8°C). 15 (see 
Ftgure 1). In a business-as-usual scenario, concentra­
tions of CO2 are projected to double over pre-indus­
trial concentrations by about the year 2060. Two 
"transient" climate model runs show the race at 
which equilibrium is approached and project warm­
ing of about 3°F (2°C) for New England fur the year 
2060 (see Figure 1 ). One of these transient models, 
UKMO-TR, includes sulfate aerosols, which leads co 
less pronounced warming (see Boxl). In general, 
transient models underestimate the eventual equilib-
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rium warming associated with the concentration of 
greenhouse gases in the model at any particular time. 
This is because the atmosphere responds relatively 
slowly to additions of greenhouse gases, with a time 
lag of at least several decades. Even without further 
increases in greenhouse gas concentrations beyond 
what is projected for the year 2060, temperatures 
would continue to rise substantially over the next 
several decades. The higher end of the range of 
warming predictions for New England includes 
models that do not include sulfate aerosols and that 
have been allowed to equilibriate at twice the pre­
industrial levels of carbon dioxide. These equilibri­
um models give an idea of the maximum warming 
that would be associated with greenhouse gas con­
centrations projected for the year 2060 

With increasing concentrations of greenhouse 
gases, models predict an increase in global mean 
precipitation. r; When sulfate aerosols are included 
in the models, increases in precipitation are smaller. 
However, it is hard to predict how precipitation will 
change at the regional level. For central North 
America, there is a range in projections of precipita­
tion, with different models predicting increases, 
decreases or similar amounts of precipitation. u In 
most cases, precipitation is expected to increase in 
the winter ia central North America. 8 

Even if precipitation increases on an annual or 
seasonal basis, it is the soil moisture (how wet or 
dry the soil is at any particular time) that is crucial 
to the health and well-being of plants. In general, 
soil moisture depends on the total amount of pre-

Projected Warming in New England According to a Range of Climate Models 
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Figure 1. Increase in surface air temperature (in degrees Fahrenheit) for three climate models at double CO2 con­
centrations compared to pre-industrial levels and for two transient models for the year 2060 as compared to 1990 
temperatures. Equilibrium models shown are the UKMO (United Kingdome Metereological Office), GFDL-R30 
Geophysical Fluid Dynamics Laboratory), and OSU (Oregon State University) models. Transient models include 
the GISS-TR (Goddard Institute of Space Studies transient model), and UKMO-TR (UKMO transient model). Only 
the UKMO-TR model includes sulfate aerosols. 

Sources: UKMO, GFDL-R30, and OSU: Kittel, TGF, Rosenbloom TH, Painter TH, Schimel DS, and VEMAP Modeling Participants 
(1995) The VEMAP integrated database for modeling United States ecosystem/vegetation sensitivity to dimate change. Journal of 
Biogeography 22(4-5) 857-862; VEMAP members (1995) Vegetation/ecosystem modeling and analysis project: Comparing biogeog­
raphy and biogeochemistry models in a continental-scale study of terrestrial ecosystem responses to dimate change and CO2 dou­
bling. Global Biogeochemical Cycles 9(4) 407-437. UKMO-TR: Murphy, JM (1995) Transient response of the Hadley Centre coupled 
ocean-atmosphere model to increasing carbon dioxide. Part I: Control d im ate and flux adjustment. Journal of Climate 8: 36-56.; 
Murphy, JM and Mitchell, JFB (1995). Transient response of the Hadley Centre coupled ocean-atmosphere model to increasing car­
bon dioxide. Part II : Spatial and temporal structure of response. Journal of Oimate 8: 57-80. GISS-TR: Russell, GL, Miller, JR and D 
Rind 1995. A coupled atmosphere-ocean model for transient dimate change studies. Atmos.-Ocean 33: 683-730. 
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cipitation, as well as its timing (se~sonally), frequen­
cy, and intensity. Higher temperatures may cause 
the soil to be drier even if precipitation increases, 
because the added heat causes water to evaporate 
from soil and vegetation more quickly. In general, 
soil moisture is predicted to increase in the winter 
and to increase or decrease in the summer depend­
ing on location. When sulfate aerosols are included 
in the models, soil moisture is increased further. 
Frequency and intensity of rain in the summer can 
make a big difference in soil moisture. For exam­
ple, the same average amount of monthly precipita­
tion may fall as daily low-intensity drizzle or as 
twice monthly high-intensity downpours. Intense 
rains can lead to increases in erosion, mudslides and 
tree falls, which can cause dramatic changes co the 
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landscape. 19 But, between infrequent heavy down­
pours, soils would dry much more than iflight rain 
fell frequently. The end result would be much drier 
soil conditions leading to water stress for the trees 
and other planes. However, because of the dramatic 
topographic relief of the White Mountains region, 
soil moisture may not be as great a problem, since 
this area may still have ample rainfall, especially in 
the high-elevation areas, even if the region as a 
whole becomes drier. 

On a global scale, climate change is often 
expressed or discussed in terms of average warm­
ing. But at a local scale, the climate and weather 
we experience is more variable, and how individual 
events will change is important to humans and 
ecosystems. Thus a general warming may lead to 



an increase in extremely high temperature days or 
heat waves, and an increase in consecutive dry days 
or droughts. 20 Increased precipitation may lead to 
a greater likelihood of heavy downpours. In fact, 
precipitation and temperature records made at 
hundreds of sites in the United States and a few 
other continental locations indicate that precipita­
tion patterns have already changed substantially in 
the past hundred years, possibly as a result of 
greenhouse gas-driven climate change. For exam­
ple, moderate precipitation events have decreased 
while extremely heavy precipitation events (greater 
than 2 inches per day) have increased. 21 

Greater warming is also predicted to occur at 
night than during the day. Most of the warming in 
the past century has occurred during the nighttime, 
leading to less differences between day and night 
temperatures. Minimum nighttime temperatures 
have risen almost three times as fast as the maximum 
daytime temperatures over much of the world. For 
the northeastern United States, annual diurnal tem­
perature range ( the difference between day and night 
temperatures) has decreased 1.8 to 3.6°F (1 to 2°C). 22 

However, because nighttime warming is related to 
amounts of sulfate aerosols in the atmosphere, this 
differential may decrease over time if reductions in 
sulfur emissions occur (see Box 1). 

Ecologists and other plant and animal scien­
tists use projections of temperature and precipita­
tion, as well as other climate variables, obtained as 
outputs from the GCM models, to create models of 
how natural and managed areas, and the plants and 
animals they suppon, could be affected by climate 
change. Since the latest GCM outputs have only 
recently been made available to the larger scientific 
community, many of the terrestrial models reponed 
here are based on GCM runs that did not include 
the effects of sulfate and other aerosols and thus 
represent the higher range of projections. 

ECOLOGICAL CONSEQUENCES· 
FOR FORESTS OF THE WHITE 
MOUNTA,NS REGION33 

Most of the values and activities we associate with 
the White Mountains region are dependent on a 
healthy forest resource. Forest health has been 
characterized in a variety of ways but in this repon 
we define it as a forest that is both robust and 
resilient to multiple natural disturbances such as 

fire, pest and pathogen outbreaks, and wind. It is 
further characterized as a forest ecosystem in 
which the multiple uses of timber production, 
water resources and other ecosystem services, as 
well as recreational and ecological values are main­
tained in a sustainable fashion. 

From maple sugaring in the spring to hiking in 
the summer to viewing foliage in the fall to skiing 
in the winter, the economic and recreational calen­
dar of the White Mountains is built around forescs. 
Healthy forests are also the backbone of the timber 
industry, an important economic resource for this 
region. Climate change of the magnitude predicred 
by current climate models has the potential to both 
alter the species of trees and cause decline and 
widespread mortality in the forests of the White 
Mountains. However, it is difficult to predict with 
accuracy the fate of these forests; some models show 
increased productivity due to the longer growing 
season that would occur with warmer average tem­
peratures. To address these issues, we present first, a 
synthesis of current model predictions-both in 
terms of species shift and productivity-and sec­
ond, suggestions as to where forests are vulnerable 
to climate change in ways that have not as yet been 
adequately addressed by models. Since most eco­
logical models are not yet accurate beyond a region­
al scale, we will look at the results of models applied 
to the forests of the northeastern United States as a 
whole and apply the relevant parts of their results 
to the White Mountains region. 

Changes in Forest Species and Forest 
Types Predicted by Current Ecological 
Models 
In general, ecological models predict that warmer 
temperatures would move optimal conditions for 
the growth of northern hardwood forest species 
northwards-including those we generally associ­
ate with the brilliant displays of fall colors in the 
White Mountains region-by at least 100 to 300 
miles by the end of the next century. 34 Northern 
hardwood forest species may also move upward in 
elevation to maintain current climate conditions. 
However, while tree line will probably increase in 
elevation with warming, soils at higher elevations 
are often thin and acidic, and they could prove 
inhospitable, especially in the short term. High 
winds, common to high-elevation sites, may also 
limit upward expansion of the hardwoods. Forests 
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Figure 2. An example of natural variability in long-term eco- . 
logical data sets. Trends are apparent with 30 years of record 
that would be difficult to distinguish if only 3 or 5 years had 
been measured. The graph depicts the annual, volume­
weighted concentration (µeq/liter) of hydrogen ion (a mea­
sure of acidity) for a portion of the Hubbard Brook 
Experimental Forest from 1964-1965 to 1992-1993. From 
Likens, GE and Bormann, FH, (1995) . Biogeochemistry of a 
Forested Ecosystem, Second Edition, Springer-Verlag New 
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Simulated Vegetation Distribution in New England: 
Current vs. Double CO2 Atmosphere 

Broadleaf Forest 

Con if er Forest 

Savana/Woodland 

Grassland 

Figure 3. Current (left) and future (right) potential vegetation for New England using the MAPSS vegetation model 
with climate simulated by the GFDL-R30 equilibruim climate model, which projects temperature and precipitation 
changes for a double CO2 atmosphere that are approximately the middle-of-the-range of equilibrium climate mod­
els (see Figure 1). As can be seen, conifer forests largely disappear from the region and much of the northern hard­
wood forest is replaced by savanna/woodland. 

Source: Neilson, RP (1995). A model for predicting continental-scale vegetation distribution and water balance. 
Ecological Applications 5: 362-385; VEMAP Members. 1995. Vegetation/ecosystem modeling and analysis project: 
Comparing biogeography and biogeochemistry models in a continental -scale study of terrestrial ecosystem 
responses to climate change and CO2 doubling. Global Biogeochemical Cycles 9:407-437. 

that currently grow at higher altitudes (2500 to 

4800 ft, 762 to 1463m), like the red spruce and bal­
sam fir communities, could have little room to 
migrate upward as they approach the tree line. As 
optimal conditions for growth of forest species 
change due to changing climate, forests would be at 
greater risk to disturbances like fires, and pest and 
pathogen outbreaks, as well as to unusual weather 
such as mid-winter thaws or winters with little 
snow cover. In general, this could lead to decreased 
health and increased mortality. Given sufficient 
warming, these spruce forests could be lost or 
reduced significantly in size. There are indications 
that climate-related mortality has already been 
occurring in the spruce/fir community (see Box 4). 

One model (MAPSS) estimated changes in 
forest types with a climate change scenario of dou­
bled CO2 concentrations including direct CO2 fer­
tilization in northeastern US forests as a whole 
(Figure 3).39 The results included widespread tree 
mortality, decreases in vegetation density of 25-75 
percent, extensive wildfires, and a lag in establish-

mem of new forests of several decades.40 Forests 
that were constrained to cool climates, such as 
northeastern hardwoods and high-altitude forests 
were lost or reduced significantly in size. 

Changes in Forest Productivity Predicted 
by Current Ecological Models 
Warmer temperatures, combined with higher CO2 
concentrations in the atmosphere, could cause 
forests to be more productive, accumulating more 
carbon as biomass. One model of forest productiv­
ity that covers the northeastern United States 
(PnET-11) 52 , used a scenario of increased tempera­
ture (10.8°F (6°C)) and decreased precipitation 
(15%), which resulted in an increase in wood pro­
duction in all stands due to the increased length of 
the growing season and warmer temperatures. In 
the model, increased CO2 allowed the trees to use 
water much more efficiently, thus overcoming pos­
sible problems with drought. 

Another forest ecosystem model, Terrestrial 
Ecosystem Model (TEM) 53 also fuund that climate 

12 



change consistent with doubled CO2 led to 
increased productivity for the northeastern forests. 
In this model, the boreal forest type (spruce/fir 
forests) showed panicularly dramatic increases. 
This may be because these forests are generally lim­
ited by nitrogen availability. The warmer tempera­
tures led to more decay of dead needles and wood 
on the forest floor, releasing more nitrogen - an 
essential nutrient for plant and tree growth which is 
usually limited in supply in these forest types. 
However, atmospheric nitrogen deposition due to 
pollution in the northeastern United States is cur­
rently 10 to 20 times above historic background lev­
els. These high nitrogen inputs could eventually 
saturate the nitrogen retention capacity of the for­
est, lessening growth enhancement over time. 54 

The efrect of increased carbon dioxide on furest 
productivity 
Carbon dioxide makes up the largest fraction of the 
human-generated greenhouse gases which cause 
global warming. Carbon dioxide also has a crucial 
biological role in plants; it is the source of carbon 
that plants use to grow and make leaves, wood, and 
roots. Plants may experience both warmer tempera-
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cures and significantly higher concentrations of CO2 
in the coming century. Elevated CO2 is thought to 
both increase productivity and allow plants to use 
water and nitrogen more efficiently, which could also 
result in greater resistance to drought While indi­
vidual plants grown under controlled conditions have 
been shown to grow more quickly under higher con­
centrations of CO2,55 how natural forests could react 
is much less well known. 56 There are several scien­
tific reasons for this: 
• Studies performed on young plants or seedlings 

that showed large enhancements of growth may 
not apply to mature forest trees. 51 

• Since different species or genotypes within species 
are known to react differently to increased CO2, 

competition may lead to shifts in species compo­
sition that are hard to predict. 58 

• Higher temperatures could depress some of the 
increased efficiency of water use by the plant. 59 

• Some species may stop responding to higher than 
double CO2 concentrations due to saturation,60 

yet greenhouse gas levels could continue to 
increase well beyond this level. . 

•Overtime, species may adapt to increased CO2 
levels and stop their increased growth response. 61 



• Early growth increases may disappear as other 
essential plant nutrients (e.g., nitrogen) or water 
become limiting. However, this effect may be 
mitigated in some areas like the northeastern 
United States where nitrogen in being added to 
soils from air-borne pollution sources. 

Despite these difficulties inherent in applying 
the CO2 fenilization effect to natural forests given 
our current state of knowledge, most forest produc­
tivity models (such as TEM and PnET-11 described 
above) apply the CO2 fenilization effect by increas­
ing growth rate of all modeled forest species uniform­
ly. This has a profound impact on the final results, in 
some cases completely mitigating any negative effects 
of climate change, resulting in large increases in pre­
dicted productivity for northeastern US forests. 
These high-productivity estimates should be viewed 
with caution until a fuller understanding of the 
impact of higher CO2 concentrations on natural 
forests is gained from further research. 

Transient vs. equilibrium models 
Most ecosystem models with results available for 
New England, including the three discussed above 
(PnET-11, TEM, and MAPSS),62 are so-called equi­
librium models. This means that the model looks 
at the difference between climate as it exists today 
and conditions under climate at a set point in the 
future. In these models, scenarios are built of 
future climate, commonly with CO2 at double the 
pre-industrial levels though others exist using high­
er concentrations. The models assume that an equi­
librium has been reached in terms of both 
vegetation response and climate change. Even if 
CO2 concentrations stop increasing after they reach 
double the pre-industrial levels-an unlikely sce­
nario-which is predicted to occur by around the 
year 2060, it would be many decades before climate 
reached an equilibrium, and perhaps centuries 
before vegetation would equilibrate as well. 
Equilibrium modeling can give us an idea of what 
the forest or ecosystem might look like under vari­
ous ultimate scenarios - in a world with a stable but 
warmer and possibly drier climate. However this 
type of model misses a lot of the complexity of how 
forests respond to rapidly changing climate. 

One factor that is predicted to increase as cli­
mate changes is disturbances. 63 While distur­
bances, such as pest and pathogen outbreaks, 
flooding, and wind damage, have always been an 

important part of the dynamic landscapes of the 
White Mountains region, climate change may 
increase their frequency and severity. Disturbances 
can kill large numbers of trees and forests. When 
forests come back, their species composition, the 
types of trees that will grow there, is often different 
than before the disturbance. For example, a sudden 
drop • in hemlock populations in the White 
Mountains and other sites in eastern US and 
Canada 4,800 years ago has been attributed to a 
pathogen outbreak similar to ones that have caused 
the modern-day declines of chestnut and elm. 
Hemlock persisted at low levels but only returned 
to its pre-decline abundance after about 2,000 
years. 6 An equilibrium model would miss this 
type of phenomenon because it looks only at cur­
rent and future states, not at how the change 
occurred. Transient modeling, which models both 
climate changes and forest responses at yearly or 
even monthly intervals, at a fine enough scale to 
capture these types of occurrences is extremely dif­
ficult but is being actively pursued. One class of 
models, individual-tree-based "gap" models holds 
perhaps the best promise for exploration of tran­
sient forest responses to climate change. 65 

Vulnerability of White Mountain Forests . 
to Extreme or Unusual Weather, Pollution 
and Disturbances: Going beyond existing 
models 
All models are by necessity simplifications of reality; 
we are not yet able to build in all facrors that could 
affect forests. Three imponant factors that have not 
been adequately incorporated into models ( though 
there is on-going work to include them), but that are 
predicted to increase with climate change, are the 
impact of extreme and unusual weather events, pol­
lution and disturbances on forests. 

Extreme or unusual weather 
Extreme events or unusual weather patterns-like 
periods of winter thaw followed by intense cold; 
spring and summer drought; and summer heat 
stress-can have profound impacts on the forests of 
the White Mountains region. These types of 
extreme events or unusual weather patterns have 
been tied to diebacks and declines in several north­
ern hardwood ~ecies in New England in the last 
hundred years. Because these forest types occur 
within the White Mountains region, if cenain types 
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An example of physical damage to trees that can accom­
pany high winds during storms. (photography: Marny 
Ashburn/ AMC). 

of extreme weather events and unusual weather pat­
terns increase as is predicted by climate models, the 
forests of the White Mountains region may be vul­
nerable to widespread monality from furesc decline. 

In the past, episodes of rapid warming have 
been closely tied with the onset of widespread 
crown dieback and decline in eastern Canada for 
several nonhern hardwood tree species: ash in the 
mid 1920s, birch from 1935-1955, and sugar maple 
from the 1980s to the present. 67 These die back 
episodes corresponded to widespread increases in 
annual mean temperatures, increases in cenain 
types of extreme events, and summer droughts. 68 

More recently, episodes of sugar maple declines 
in southeastern Quebec in the 1980s have been tied 
to a combination of winters with periods of loss of 
snow cover, followed by deep freezes, and in turn 
followed by summer drought. A variety of physio­
logical mechanisms may be responsible for these 
dieback episodes. Roots are more sensitive than 
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other tree organs to temperature extremes; without 
snowcover, any hard frost can lead to increased root 
monality. In northern hardwoods, persistent win­
ter snowcover typically provides protection to the 
fine roots from extreme cold. This may help to 
explain the observation that the southern limit of 
nonhern hardwoods corresponds more or less to 
the incidence of persistent winter snow accumula­
tion. 69 Fine roots, like those of the shallow-rooted 
sugar maple, are most susceptible when close to the 
surface. Trees whose root systems are already limit­
ed (e.g., by drought or shallow soils) are also highly 
susceptible to dieback. 

Unusual thaws can also cause buds to break 
their winter dormancy prematurely and open long 
befure spring. The buds can subse~ently be killed 
by a return to freezing temperatures. A tree already 
weakened from loss of fine roots due to thaw-freeze 
events in winter can be further stressed by summer 
droughts. Drought causes a depletion of sugar 
reserves due to lower photosynthetic performance. 

Recent studies have shown that mature forest 
age is a pre-condition for the climate to incite 
dieback by freezing injuries as described above. 
Large dieback episodes correspond especially well 
with the point at which ash, birch, maple and red 
spruce stands attain maturity. 71 This means that a 
large portion of the NE forests could be threat­
ened by climate-induced injury because the NE 
forests in general are aging and a sizable area is at 
or near maturity. 

There are some indications that the duration of 
winter snow-cover has already been decreasing in 
the northeastern United Scates since the mid 1970s. 
For example, records from Lennoxville, in southern 
Quebec, have shown a marked increase in the num­
ber of days during the winter without snowpack in 
the last 20 years from 35 to 95 days (taken as a 5 
year average).n In general, northern hemisphere 
snow-cover has been consistently below the 21-year 
average (1974-1994) since 1988. 73 

Pollution 
Pollution can weaken trees, making them more sus­
ceptible to climate changes due co greenhouse-gas­
driven warming. Pollution, including acid 
deposition, nitrogen deposition, and high ozone 
concentrations already affects forests in the 
Northeast, and cenain pollutant emissions, panicu­
larly those that generate ozone, may increase in the 



coming century. ?I Once weakened, the trees often 
succumb to pests and pathogens they might other­
wise easily combat when healthy. 75 

When acidic mist or rain falls, nutrients can be 
leached directly out of the leaves. Acid rain falling 
on soils can leach important nutrients like calcium 
out of the ground lowering its availability to the 
trees, ;ti which can lead to the release of toxic ele­
ments including aluminum that can kil-1 tree roots. 
Trees that lack important nutrients are weakened, 
becoming more susceptible to attack by inseets and 
pathogens, and more vulnerable to certain types of 
extreme events associated with climate change, like 
droughts and thaw/freeze events in winter. n 

Disturbance 
Disturbances including fire, wind, flooding, and pest 
and pathogen outbreaks are common occurrences in 
furests and, most of the time, furests can recover and 
grow well after them. In fact, furest health is proba­
bly dependent on regular natural disturbances. 
Howevei; more severe disturbances caused by human 
activities and climate change may be much more dif­
ficult to recover from. Climate change could be 
directly responsible for increased disturbance; for 
example, warmer temperatures could increase the 
range of pests into new areas. Climate change could 
also be indirectly responsible; dry hot weather and 
higher numbers of dead or dying trees would make 
conditions better suited for wildfire.78 In addition, 
natural disturbance-or disturbance caused by 
humans but unrelated to climate change-could 
make the impact of climate change more severe. For 
example, large portions of the White Mountains 
region were cleared for agriculture in the 19th centu­
ry, leading to a young, fragmented forest. By its 
peak, in 1850-1880, at least two-thirds of Grafton 
County was cleared of furests to allow for agriculcur­
al activities. 79 Areas that have been fragmented his­
torically may create barriers to migration of species 
necessitated by changing climate. 80 

Fire 
The White Mountains region, as well as most of 
northern New England, rarely experience fires 
today. Fires are more common in southern New 
England in the drier pine-oak forest types. 81 

Climate change could create conditions conducive 
for fires further north. Drier soil and fuel condi­
tions, an increase in the occurrence of heat waves, 

and an increase in fuel loading from increased mor­
bidity and mortality would create conditions highly 
conducive to wildfires. In addition to direct physi­
cal damage, fires can change species distribution 
and productivity and will tend to favor early-suc­
cessional, fut growing species. 82 

Wmd 
There is no consensus yet as to whether winds will 
intensify or weaken in the future. 83 However, if 
storm-driven wind does increase, it could lead to 
increased physical damage. New England forests 
are subject to three major classes of destructive 
windstorms: tropical cyclone (hurricanes), extrat­
ropical cyclones, and more-localized intense winds 
associated with stormfronts and thunderstorms. 84 

Northern New Hampshire and Vermont have been 
struck by severe hurricanes only twice, in 1815 and 
1938. over the period 1492 to 1976. As a result of the 
1938 hurricane, nearly 3 billion board feet of tim­
ber were blown down affecting 243,000 ha of furest 
land in Connecticut, Rhode Island, Massachusetts, 
and Vermont. Weakened trees or local wind-prone 
sites were most affected. There is no consensus yet 
on whether hurricanes will increase or decrease in 
intensity or frequency due to climate change. 
However, increased numbers of localized intense 
storms could increase windthrow, especially in 
places where trees are exposed due to clearing of 
neighboring forest. 

Flooding 
Flooding may increase in frequency and intensity as 
a result of climate change. This is thought to occur 
in general because warming would release greater 
amounts of water into the atmospheres hydrological 
system at a global level. 85 At a local level, this could 
result in an increase in frequency of intense down­
pours86 leading to rapid melting in the spring 
and/or an increase in rain-on-snow events. Warmer­
than-current springs could also intensify spring 
snowmelt. Increased flooding in the White 
Mountains region could lead to increased rock and 
mud slides, leading to physical damage in the forest, 
riparian (river-side) zones, and property. Runoff can 
also disrupt municipal water treatment and delivery 
systems, wash out bridges, highways and other 
human infrastructure, and inundate croplands. An 
example of a particularly intense rainfall event 
occurred in October 1996 when record rainfalls 
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flooded homes, broke off water supplies in Ponland, 
Maine and Exete~ New Hampshire and washed out 
highways and bridges throughout New England.~ 

Pest and Pathogen Outbreaks 
Warming in winter may allow destructive insects 
and pathogenic fungi to survive at higher latitudes 
than at present, enabling subtropical or warm­
temperature pests and pathogens to invade vegeta­
tion in areas from which they are now excluded. 88 

For example, one of the factors that may currently 
be slowing the northward spread of hemlock 
wooly adelgid may be the length and severity of 
winter. 89 Hemlock wooly adelgid attack is cur­
rently causing catastrophic loss of hemlocks in 
southern New England. Hemlock is a key species 
for deer during the winter in this region. Drought 
stress, which may also increase with climate 
change, may also lead to increased pest outbreaks. 
For example, in New England, periodic epidemics 
of spruce budworm which result in the killing of 
mature balsam fir and spruce stands over large 
areas, are related to warm, dry summers and the 
conditions associated with drought. 90 

CLIMATE CHANGE AND THE 
TOURISM AND RECREATION 
INDUSTRIES 

The White Mountains region has a large investment 
in maintaining the natural resources that attract so 
many people to take pan in their varied tourist and 
recreational opponunities. Climate change has the 
potential to affect many of the key natural resources 
that draw visitors to the area throughout the year. 
The natural beauty and recreational attractions have 
also made the area one of the most popular loca­
tions in the country for vacation homes. The quali­
ty of fall foliage viewing, skiing and snowmobiling 
in the winter, and fishing and hiking in the sum­
mer are all vulnerable to the rapid climate changes 
predicted to occur in the coming years. 

The tourism and recreation industries are criti­
cal to state economies of this region. Much of the 
White Mountains region is found in the state of 
New Hampshire. The travel and tourism sector in 
New Hampshire resulted in $25 billion in direct 
spending and $1.5 billion in indirect spending for 
1994, which represented 95% of the gross state prod­
uct. 9l The White Mountains region accounted for 
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18% of that spending.92 In the New England area 
in 1991, over 58 percent of residents panicipated in 
some form of wildlife-associated recreational activity 
and spent approximately $25 billion to do so.93 

Visitors co New Hampshire's ski areas spent $139 
million during the 1992-1993 ski season. This direct 
spending led to over $178 million in secondary sales, 
including hotel and restaurant purchases.~ The 
three northern New England States (Maine, New 
Hampshire, and Vermont) have consistently had the 
highest percentage of vacation homes in the United 
States since the census first staned keeping track of 
this in 1940.95 In 1990, for example, 11% of New 
Hampshire housing were vacation homes. If climate 
change alters the primary characteristics that draw 
people to these activities, then subsequent changes 
in panicipation rates can also be expecced. Changes 
in panicipation will have direct effects on the 
region's economy. 

The fall foliage displays 
Every autumn in the White Mountains region, 
deciduous trees prepare for winter. During that 
process their leaves tum a brilliant mixture of reds, 
purples, oranges, yellows and browns. This fall 
foliage display is a popular tourist attraction bring­
ing in so-called "leaf-peepers" from all over the 
world. The weekends during the fall foliage season, 
running between mid-September to mid-October, 
are often the busiest of the year for the tourism 
industry. 96 The fall foliage season is vulnerable to 
climate change because the quality of the display 
and colors are dependent on which tree species are 
present as well as individual tree health - both of 
which may be affected by changes in climate. 

Leaves change color when temperatures grow 
cooler and days shoner in the fall. First, the con­
nection which allows the leaf to exchange sugars, 
water, and nutrients with the rest of the tree is 
blocked, trapping any remaining sugars within the 
lea£ Next, the green pigment, chlorophyll, which 
allowed the leaf to produce sugars during the sum­
mer, begins to deteriorate and lose color. Other pig­
ments that were always present in the leaf, but 
masked due to the abundance of the green chloro­
phyll, begin to show through. These pigments are 
typically yellow, red, or orange ( carotenoids, antho­
cyanin and xanthophylls). Maples often display a 
panicularly brilliant red hue due to the large 
amounts of sugars that are trapped or produced in 



their leaves. 'f7 

Many factors, including soil type, site quality, 
soil moisture availability, and genetic characteris­
tics, can interact with climate co produce varying 
qualities of color display. Because of this complex­
ity, predicting a good foliage display is often an 
educated guess at best. However, certain climatic 
factors are known co contribute co the quality of 
the color display. For example, summer droughts 
tend to disrupt fall color displays in a number of 
ways. Droughts can cause leaves to dry, shrivel, 
and fall to the ground before producing any sig­
nificant color.98Warmer temperatures will increase 
water loss from planes and soils. If rains do not 
increase enough to offset this, drought conditions 
will become more common. Even in a mild 
drought, fall colors can become uncoordinated 
when the leaves of drought-intolerant trees, like 
ash and birch, change color and fall earlier than 
the leaves of more drought tolerant trees like red 
maple and oaks. 99 However, higher CO2 concen­
trations may lead to greater production of sugars 
in the spring and early summer, leading to some 
trees producing more incense colors when their 
leaves do fall. 

Climate models predict that warm tempera­
tures will continue longer into the fall than current­
ly. This might suggest that foliage will simply 
change color later in the season, for example in 
November instead of October. But leaf fall, and 
therefore color change, is triggered by both temper­
ature and day length. Some trees are more directly 

A typical New England 
scene, the change of sea­
sons, may be threatened 
by global warming. {pho­
tography: Paul 0 . 
Boisvert). 

influenced by day length than others. 100 This, too, 
would lead to an uncoordinated display where 
those trees more influenced by day length would 
change color and drop their leaves earlier than 
chose trees more influenced by temperature. 
Because of warmer nighttime temperatures, respira­
tion, the energy used for the tree's growth and main­
tenance, could increase, leading to greater loss of 
sugars from the tree. This may dampen the colors 
of some species, especially those like maples that 
require large amounts of sugars to produce red 
anthocyanins. Increased rain in the fall and cloudy 
warm weather would also reduce color. Clouds 
would lead to less production of sugars and warm 
weather would increase losses of sugars due to res­
piration. The best colors occur when falls are dry 
but not droughty. 

Finally, climate change may lead to decreased 
quality of fall foliage as those trees currently found 
south of this region displace those currently located in 
the White Mountains region-as is predicted by 
some models of potential vegetation change as a func­
tion of temperature (fur example, see Figure 3i I() If 
current northern hardwood species such as sugar 
maple, spruce, and fir populations decline while oak 
and other trees currently found in the south increase, 
then the unique combinations of brilliant red maples, 
yellow birches, and touches of dark green conifers 
may be replaced by the more uniform browns of the 
oaks, currently found south of the region (see Page 
10). In addition, in the process of species shift, indi­
vidual trees will sicken and die resulting in fewer 
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robust trees that can produce thick displays of bril­
liant colors. 

Ski industry 
The ski industry in New Hampshire plays a signifi­
cant role in the state's economy and especially in the 
economy of the White Mountains region. The 
length of the ski season and therefore the success of 
the ski industry, is inherently tied to weather. Any 
significant change in climate will have a direct 
impact on the ski areas and the economy of the 
region (see Box 5). 

Any significant warming in the region will 
most likely cause the ski season to begin later and 
end earlier though expanded snowmaking could 
mitigate this somewhat. Currently, the ski season 
generally lasts from December to April. Larger 
resorrs with snowmaking capability open one to 
two weeks prior to Thanksgiving and close in late 
April. To estimate the potential impact of climate 
change on the winter ski season, we looked at tem­
perature records from Pinkham Notch, New 
Hampshire, located within the White Mountains 
region near Mt. Washington. We defined the poten­
tial number of winter season days as those days with 
maximum temperatures below 32°F (0°C) between 
November 1 and April 30. Between 1956 and 1995, 

The ski season in New Hampshire may be considerably 
shortened due to warming temperatures as a result of cli­
mate change. (photography: Paul 0. Boisvert). 

there was an average of 165 winter season days 
(Figure 4). Using two warming scenarios, one of 
plus 3.6°F (2°C), the other of plus 7.2°F (4°C), the 
season length decreased to 149 and 130 days respec­
tively. This represents a loss of about 10 and 20 per­
cent of the total season length. While most of the 
warming would serve to shorten the length of the 
season, some would occur as mid-season thaws, 
which would necessitate additional snowmaking to 
rebuild the snow base. Some models predict that 

Number of Winter Season Days Under 
Current Conditions and Two Warming Scenarios 
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Figure 4. Number of winter season days in Pinkham Notch, New Hampshire under current climate conditions and 
two warming scenarios: plus 3.6°F (2°C) and plus 7.3°F (4° C). Winter season days are defined as those days whose 
maximum temperature is below 32°F (0°C) between November 1 and April 30 of a given year. The range of winter 
season lengths are represented by long, average and short length seasons between the years 1956 and 1995. 

Source: Weather data obtained from the Northeast Regional Climate Center, Cornell University, Ithaca, NY. 



precipitation will increase in the winter, while oth­
ers predict similar or slight decreases. 105 If precipi­
tation falls as snow, this could reduce the need for 
snowmaking. However, if precipitation falls as rain 
due to warming temperatures, this could lead to 
rain-on-snow events which could cause a deteriora­
tion of snow conditions required for skiing. 
Additional snowmaking would be necessary to 
recoup losses. 

Ski areas already invest heavily in snowmaking 
equipment to extend the ski season. The two main 
factors influencing snowmaking are temperature and 
water availability, both of which may be affected by 
climate change. Attitash Mountain in New 
Hampshire spends $750,000 per year on snowmak­
ing, which represents 20 percent of their operating 
cost. Temperatures should be less than 28°F (-2.2°C) 
for successful snowmaking106 and, generally, the 
colder the temperature the less costly it is to make 
snow. Under future climate scenarios these condi­
tions will be met on fewer days. 

Water availability could increase or decrease 
with climate change, depending on how precipita­
tion is affected. If precipitation increases in the 
winter as rain then more water may be available for 

snowmaking. Less water could be available if there 
is no change in precipitation or if precipitation 
decreases. With warmer summers, there may also 
be less water available in the streams and ponds 
during winter to make snow. It takes 150,000 to 
180,000 gallons of water to cover one acre of ski 
trails with one foot of snow. Depending on the rate 
and season (fall or spring) at which water is with­
drawn from the streams, this amount of water with­
drawal can lead to decreased fish habitat area and 
increased ice formation as well as increased scour­
ing of the river bed, leading to fish egg damage. 107 

Current and future advances in technology, as 
well as other mitigation strategies, can address some 
of these problems. For example, technology exists 
that can increase the average freezing temperature 
of water and increase the quantity of snow made 
per unit of water used. 108 This may allow ski areas 
to make snow under moderately warmer conditions 
and allow them to save energy and energy _costs. In 
addition, as snowmaking equipment becomes more 
energy efficient, ski areas will also be able to cut 
down on costs. These types of technology improve­
ments could help alleviate some of the negative 
affects of climate change for ski areas, at least in the 
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Rainbow, brook and brown trout habitat may be partially 
or completely eliminated in the White Mountains as well 
as other areas in New England by the middle to the end 
of the next century if warming occurs as projected in cur­
rent climate change models. (Photo: Charlie Fellenbaum). 

short term. Increasing the size of ponds from 
which water can be withdrawn for snow making, as 
has already been started in some ski areas, would 
mitigate damage to fish habitat from snowmaking. 

An in-depth study of the impact of global 
warming on downhill skiing in the Laurentians in 
Quebec used temperature scenarios simila.r to the 
higher temperature scenario presented for the White 
Mountains in this report (see Figure I ). 109 In addi­
tion, precipitation, snow-cover and snowmaking 
conditions were included as driving factors in the 
analysis. With warming of from 7.6 to 9.3°F and 
increased precipitation ranging from O to 16 percent, 
the study found a reduction of the ski season length 
of 40 to 89 percent with a minimum financial loss 
of $10 million (Canadian) and a maximum loss of 
the virtual elimination of the ski industry in the 
area. Ski season length was little affected until the 
average winter temperature increased by 3.6°F (2°C). 

Recreational fishing 
Recreational fishing in the White Mountains region 
could be significantly affected by climate change. 
Climate change may have direct effects on fish habi­
tat and populations, especially in cold-water rivers 
and streams, due to the impact of warmer tempera­
tures and changes in precipitation on stream tem­
perature and flow rates. uo Cold-water fish species 
common to the White Mountains region may be 
unable to survive a significant warming of water 
temperature, though species differ in their degree of 
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tolerance. Brook trout, for example, have strict tem­
perature requirements and may be panicularly vul­
nerable to climate change. Brown trout and 
rainbow trout can tolerate a wider temperature 
range than brook trout, but are still limited by tem­
perature, especially during spawning. m Changes in 
timing or amount of precipitation may affect the 
quantity and quality of water in streams which 
could also cause deterioration of habitat for trout. 

The economic impact of losses in trout habi­
tat could be significant. Nationally, an estimated 
35.6 million people spent 511 million days fishing 
in 1991. In New England, two million people 
devoted 24 million days to fishing and spent an 
average of $674 112 each, or a total of $1.3 billion. 
Of the two million people who fished in New 
England in 1991, 35 percent traveled from out of 
state to do so. 113 

Climate change is expected to cause a decline 
in cold-water fish habitat by increasing the temper­
ature of streams to levels exceeding the thermal tol­
erance limit for cold-water fish, making some 
species, like brown and brook trout, unable to sur­
vive the warmer waters. The loss should be greater 
along the southern borders of a species' natural 
range where temperatures are already dose to the 
thermal tolerance. According to a study by the 
Environmental Protection Agency, loss of habitat for 
cold-water fish may be significant throughout their 
range. u4 Rainbow trout, brook trout, and brown 
trout are the most important cold-water fish for 
recreational fishing in the New England area and 
several states could potentially lose all habitat suit­
able for these species (Figure 5). Cool-water guilds, 
which include walleye, Northern Pike, and yellow 
perch, will probably not be affected in the New 
England area. 

Stream flow rates could also be affected by 
climate change. If warmer temperatures and 
changes in precipitation patterns cause severe 
floods in spring or extreme low flows in late fall 
or winter, then species may be excluded from 
occupying sections of stream where they would 
otherwise be expected to occur. 115 Low water lev­
els and reduced flows could decrease the availabil­
ity of winter habitat, decrease the reproductive 
success of fish, and reduce food availabilicy. 116Low 
flows can prevent the migration of trout to their 
spawning grounds as well as reduce the area avail-



able for spawning. Reduced flows and ice forma­
tion in winter may result in the suffocation, desic­
cation, and freezing of trout eggs. When river 
depths are coo shallow, ice formations can rip the 
eggs from the scream bottom. Reduction in habi­
tat can cause crowding and stress-induced disease, 
and it can also lead to stranding ( when a segment 
of stream is coo shallow or frozen preventing fish 
from passing through to another area). Flooding 
scours stream bottoms and can destroy eggs as 
well as diminish food supply. n7 

Reproduction could also be directly affected by 
warmer temperatures. Temperature is one of the 
most important variables in reproduction. Some 
species will spawn only within a narrow tempera­
ture range that is lower than what they can tolerate 
as adults. Warming could affect chis vulnerable 
stage in the fish life-cycle before affects to adult fish 
become important. 118 

Warmer scream temperatures would suggest 
that cool- or warm-water fish could replace cold­
water fish. However, water velocity could limit 
what species are able to colonize these areas. For 
example, trout typically live near headwaters of 
streams where the topographic gradient is steep, 
water velocity is fast, and the bottom is gravely or 
rocky. 119 Many warm-water species require a medi-

um co low gradient with medium co slow water 
velocities in addition to appropriate water tempera­
tures. uo Therefore, even if water temperatures in 
an area become ideal for warm-water species, they 
may still fail co expand their habitat into the area 
due to screams running coo quickly. In screams 
where water flow has been slowed because of the 
construction of dams or other water diversions, 
warm-water species have been able to expand their 
habitat to the detriment of trout. 121 

Potential benefits to fish could occur at the 
northern end of the range in Canada where warmer 
temperatures could increase growth, productivity, 
and maturation races of fishes. One study estimat­
ed that productivity could increase by about 10-20 
percent per l.8°F (1 °C) increase in temperature, as 
long as other factors that limit growth, such as 
nutrient and food supply, continue co be available 
as climate changes. 122 

How these effects will subsequently translate 
into behavioral changes on the part of anglers is dif­
ficult to gauge. If the species composition of a par­
ticular stream changes from cold-water to 
warm-water fish, anglers may choose to fish in the 
same location for different species, travel further 
north or move to higher elevations to fish for the 
same species or change habits all together. 

Loss of Habitat for Cold-Water Fish 
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Figure 5. Percent loss of habitat for rainbow, brook and brown trout in New England according to one scenario from a 
1995 EPA study on the ecological impacts of climate change on freshwater recreational fishing using the GFDL 
(Goddard Fluid Dynamics Laboratory) equilibrium climate model at double CO2 concentrations as input (see Figure 1). 
This study did not consider brook or brown trout in their baseline information for Maine or brook trout for Connecticut. 

Source: US EPA, Ecological Impacts from Climate Change: An Economic Analysis of Freshwater Recreational Fishing, EPA 220-
R95-004, April, 1995. 
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While global warming will probably lead to a longer hiking 
season for the White Mountains region, it might also be 
much less enjoyable due to hotter, and potentially drier, 
smoggier summers and larger areas with dead and dying 
trees. (photography: Paul 0 . Boisvert). 

Generally, cold-water fishing is more valuable than 
warm-water fishing, so a gain of an acre in warm­
water habitat is not equal to a loss of an acre of 
cold-water habitat. 123 In the worst case result of the 
EPA model on the potential im}'act of climate 
change on recreational fishing, 12 the number of 
cold- and cool-water fishing days (defined as per­
son-days spent fishing) nationally declined by 50 
million while the number of warm-water and 
rough guild fishing days increased by 64 million. 
However, because of the greater value placed on 

23 

cool- and cold-water guilds, there was a net annual 
economic loss of $320 million. 

Hiking and nature walking 
Hiking and camping are popular summenime 
activities in the White Mountains region. Climate 
change may significantly affect this experience. 
Warmer temperatures will probably lengthen the 
hiking season by increasing the number of snow­
free days in the mountains. Howevei; if the disrur­
bance and declines discussed elsewhere in this 
repon do become more common, 125 the quatity of 
the natural experience may be significantly 

' decreased. Numbers of dead and dying spruce and 
fir trees, pest and pathogen outbreaks, more fre­
quent fires, and more frequem droughts in summer 
may all increase, contributing to a more open but 
significantly less attractive forest for recreation. 

Warmer temperatures could also exacerbate 
already deteriorating air quality. Much of the excite­
ment of hiking to a peak or driving to the top of Mt. 
Washington is derived from the sweeping panorama 
visible from the top. Howevei; visibility is decreased 
by the particulate component of pollution. Both 
paniculates and owne have already become a prob­
lem in the White Mountains region and both could 
be exacerbated by warming temperatures in the sum­
mer (see Box 6). For example, according to an on­
going study conducted by the Appalachian 
Mountain Club121'>some higher elevation sites, includ-



ing Mt. Washington, have ozone concentrations 
comparable to those of urban areas fur to the south 117 

In 1988, a particularly hot and humid summer in 
New Hampshire with high ozone concentrations and 
lots of haze, the heat combined with poor air quality 
may have led to the decrease in the number of hikers 
and other visitors to the White Mountains National 
Forest that was observed that year. 128 

CLIMATE CHANGE AND THE 
MAPLE SYRUP INDUSTRY 

Sugaring, the harvesting of sugar maple sap to pro­
duce maple syrup, is a tradition in the White 
Mountains region and throughout New England 
that daces back co pre-colonial days. To residents 
and tourists alike, it wouldn't be spring in New 
England without the Maple syrup season. Yee cli­
mate change could seriously aflecc the maple syrup 
industry in the White Mountains region as well as 
New England as a whole, shortening the season and 
decreasing the profitability of the industry. 

One important reason that maple syrup pro­
duction could be so susceptible co climate change is 
that strong sap flow only occurs when there is a 
sharp difference between day and night tempera­
tures: optimal sap flow in sugar maple is depen­
dent on a prolonged early spring period with cold 
(less than 25°F or -3.9°C) n~hcs and warm (more 
than 40°F or 4.4°C) days. 13 As discussed above 
(see Page 10), one impact of climate change may be 
that there will be less difference between day and 
night temperatures (diurnal range). So, while the 
timing of the sugaring season depends on latitude -
in the White Mountains region of northern New 

Maple syrup production or sugaring is a cherished tradi­
tion in New England as well as being a popular tourist 
attraction. Warmer nights and earlier springs may shorten 
the maple syrup season. In addition, sugar maple itself is 
susceptible to increased mortality as a result of climate 
change. (photography: Paul 0 . Boisvert). 

Hampshire the season typically runs from mid 
March co mid April, while in southern New 
Hampshire the season typically runs from the end 
of February to the beginning of April 134- the 
length of the season depends on the number of cold 
nights followed by warm days. With a decrease in 
the diurnal range of temperatures, the length, and 
therefore profitability, of the maple syrup season is 
threatened. If warming were to occur predominate­
ly at night, che number of days of optimal syrup 
flow will decrease considerably more than if the 
warming occurred by the same amount in the day 
as the night. 

While it is essential co have optimal flow days 

Number of Optimal Sap Flow Days, Concord, NH Figure 6. Number of optimal sap flow 
days as defined by days between 
January and May with maximum temper­
ature over 40°F and minimum tempera­
ture under 25°F under current climate 
conditions and two predominantly night­
time warming scenarios (twice as much 
warming during the night as during the 
day). Warming scenarios are for plus 
3.6°F (2°C) and 7.2°F (4°C). Values are 
given for historically long, average and 
short seasons for Concord, NH between 
the years 1948 and 1992. 
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for a successful maple syrup season, a typical season 
also includes days that would not be counted under 
the definition of optimal flow. A typical season lasts 
on average 33 days of which about 18 are optimal 
by the definition used in this report (see Figure 6). 
Because of the short season length, a loss of even 
one optimal flow day can be significant since there 
is a direct relationship between number of optimal 
flow days and total season length. For example, one 
sugarbush operator calculated a loss in production 
of 20 percent during one season which experienced 
6 nights with above-freezing temperatures. 135 In 
another instance, during the 1992-1993 season, a 
harsh winter (cold and heavy snow) delayed the 
beginning of the season by about two weeks; while 
warm weather stopped it one week early This 
resulted in a total production loss of about 50 per­
cent. The number of optimal flow days-accord-
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ing to the definition in this report-using only 
weather information, would have been 8, well below 
the average number of such days (Figure 6). 136 

To find out how optimal flow days would be 
affected by climate change, we looked at tempera­
ture records for Concord, in south-central New 
Hampshire, an area where a large number of sugar 
maple farms operate. As a baseline, we used tem­
perature records for the years 1948 to 1992 and 
applied scenarios of increased temperature occur­
ring at a rate that was twice as much during the 
night as during the day. This is the ratio at which 
current warming is occurring in North America. 137 

In this scenario, we defined optimum flow days as 
those with night temperatures less than 25°F (-
3.9°C) and day time temperatures more than 40°F 
(4.4°C). As can be seen in Figure 6, under the pre­
dominantly nighttime warming scenarios, the num-



ber of optimal sap flow days would be reduced con­
siderably, to 15 days for the 3.6°F scenario and to 11 
days for the 7.2°F scenario, representing a loss of 17% 
and 39% in a season of average length. 

While the difference between nighttime and 
daytime warming may decline over time, especially 
if emissions of sulfates decrease, overall tempera­
ture increase could still negatively affect maple 
syrup production. Increased temperatures could 
cause buds to break earlier in the season than they 
currently do. Once buds break, the sap collected 
produces syrup which is bitter and cannot be mar­
keted. 138 If the season begins earlier as well, this 
would merely shift the timing of the whole season 
earlier. However, if warming is not uniform 
between seasons (e.g., a cold winter followed by a 
warm spring), the season could be shortened. 

Maple syrup production is also threatened by 
tree decline. 139 As trees decline, the rate and quality 
of sap flow has been shown to decrease. 140 Because 
sugar maple is found primarily on moist rich soils 
and is not particularly tolerant to drought, sites cur­
rently suitable for sugar maple growth may become 
unavailable as soils become drier due to climate 

change. New sites could become available further 
north of the White Mountains region and in 
Canada. Decreased snow cover is also detrimental 
to syrup production, since snow insulates the 
ground, keeping it frozen longer and keeping buds 
from breaking early. 141 However, some climate 
models predict increased amounts of snow fall dur­
ing the winter, which could counterbalance 
increased melting due to warmer temperatures. 

CLIMATE CHANGE AND THE 
TIMBER INDUSTRY 

Much of the White Mountains region is forested. 
These forests are owned and managed by private 
and public landholders including individuals, large 
timber companies, and the state and federal govern­
ments. The largest single management unit in the 
White Mountains region is the White Mountain 
National Forest, which is managed for the multiple 
uses of recreation, ecosystem health and biodiversi­
ty, and wood products production. Timber is har­
vested for use in furniture, specialty products, 

Percent Changes in Yields for Northeastern U.S. Softwood 
and Hardwood Species Under Two Warming Scenarios 
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Figure 7. Change in yield under two warming scenarios, plus 4.5°F (2.5°C) and plus 7.2°F (4.0°C) with and without 
direct CO2 effects in the northeastern United States using forest gap models as input to the FASOM model, a dynam­
ic nonlinear programming model of the forest sector in the United States. 

Source: Callaway, M Smith J, and Keefe, S, (1995) The Economic Effects of Climate Change on US Forests, 
RCG/Hagler Bailly, Boulder CO, Prepared for Adaptation Branch, Climate Change Division, Office of Policy, Planning 
and Evaluation, US EPA, Washington, DC Contract No. 68-W2-0018. 
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building material, fuelwood, and pulp for paper 
production. Major commercial forest types that 
occur in the White Mountain National Forest 
include northern hardwoods, the most abundant 
type in the Forest with over 200,000 acres under 
management, spruce-fir communities, found at 
higher elevations, and some hemlock. Outside of 
the National Forest, much of the area is former agri­
cultural lands that have reverted to forest and are 
held by a variety of small and large private owners. 
White pine is found in many of these previously 
disturbed areas throughout the White Mountains 
region. In New England as a whole, papermaking, 
sawmilling, logging, and wood product fabrication 
employ about 250,000 individuals. 144 The output 
of these industries totals about 9 percent of the 
New England's manufacturing production. 145 The 
forest products industry is the third largest in New 
Hampshire in terms of revenues and fourth in 
terms of employment. 146 

An EPA study on the economic effects of cli­
mate change on US forests by region 147 showed 
decreased softwood (which includes spruce, fir, 
hemlock and white pine) yields but increased hard­
wood yields (including northern hardwoods) with 
increased temperature, when applied to the north­
eastern United States (Figure 7). When the model 
included the possible direct effects of CO2 on 
growth and productivity, yields were less depressed 
for softwoods and increased for hardwoods. 
However, there is evidence in the research literature 
that direct CO2 effects cannot be applied equally to 
all forest species over the long term, and with higher 
than double CO2 concentrations (see page 13). 

The US Forest Service also recently performed 
an analysis, by forest type and by region, of the 
impact of climate change on forest productivity and 
timber supply in the United States. 148 Assuming 
that forest type would not change, productivity and 
timber supply increased for both softwood and 
hardwood forests in the Northeastern United States. 

Both the EPA and the Forest Service studies 
looked specifically at how productivity ( the amount 
of carbon or biomass produced by trees) could 
change assuming current forests are not replaced by 
other species. Neither model examined how forest 
species and type could change as a result of climate 
change. As was discussed in more detail earlier in 
the report (see Page 10 and Figure 3), climate 
change may mean that many tree species may not 
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be able to successfully reproduce and grow in their 
current locations. Increased disturbance, which 
may also accompany climate change - including 
increased risks from fire, pest and pathogen out­
breaks and storm damage - could also lead to 
changes in forest species and type. In addition, as 
species shift there will be an increase in tree mortal­
ity, which would also decrease productivity, espe­
cially in the short-term. 

Because we know how individual species react 
to climate, soil conditions and disturbances, it is 
possible to make some preliminary estimates on 
how trees important to the timber industry in the 
White Mountains region could be affected by cli­
mate change. White pine and red oak, currently 
the two most important timber species in New 
England as a whole, could increase in the White 
Mountains region in a warmer climate: oak 
because of warmer, drier conditions and white pine 
because it tends to become dominant after distur­
bances which may increase due to climate change. 
Quality northern hardwoods (sugar maple, ash 
and yellow birch) could decline due to changes in 
climate, especially extreme or unusual weather. 
Spruce and fir could decline as warming tempera­
tures push the trees upward in elevation (see Box 
4, page 13). Beech and red maple, which may be 
more tolerant of warmer drier conditions, could 
increase but are much less valuable as timber 
resources. 

Because of the many uncertainties discussed, 
the ultimate economic impact of the various 
changes in forest types on the timber industry is 
hard to predict. The timber industry in New 
England has been remarkably flexible in its ability 
to adapt to changes in timber species harvested in 
the past. The indusuy thus may be able to adapt to 
potential losses of spruce and fir and some north­
ern hardwood species, by potential increases in 
white pine or oak. However, during transition peri­
ods between forest species, productivity could be 
greatly reduced. At this point we can only suggest 
that there are potential risks and benefits to the 
timber industry of this region and that further 
development of forest models is necessary before 
more accurate economic models can be developed. 



A scientific consensus exists that human-generated emissions of greenhouse gases to the atmos­
phere are probably having a discernible impact on global climate, and that influence is expected to 
increase in the future. If predictions from climate models become reality, many dimensions of our 
world will change. While there is a range of plausible outcomes for ecosystems and society, many 
scenarios point to significant risks to natural resources and our quality of life . 

The White Mountains region provides year-round recreational opportunities for visitors and a 
satisfying way of life for residents, largely due to an abundance of natural resources. In tum, these 
natural resources are, to a great extent, dependent on climate. We are so used to climate remaining 
fairly constant during our lifetimes that we have little prior knowledge to guide us when it changes. 
For the White Mountains region there is a range of possible scenarios for the future. 

The most optimistic see the region benefiting in some respectS. Through a combination oflong 
growing seasons, wet summers, and carbon dioxide fenilization, these scenarios suggest that trees 
and forestS will become more productive, will remain healthy and will actually store more biomass as 
climate change proceeds. Ski seasons may shonen, but this will be compensated for by longer sum­
mer recreation seasons. Some new tree species may be established and some tree species currently 
occurring in the region may die off, but on balance forests would remain healthy and people will 
continue to live, work and enjoy the White Mountains much as they always have. 

\fa there is a darker vision for this region, another potential outcome of climate change. In 
this scenario, as temperatures rise, weather becomes more extreme and less predictable. Winters 
with heavy snow are accompanied by early spring warming co produce large-scale flooding. 
Longer, hotter, summers lead to drought conditions by early fall increasing the susceptibility of 
trees to disease and forests to wildfires. Fall foliage displays are muted and ski seasons are shon­
ened. Thawing during winter damages sugar maples and other tree species. Warmer nights and 
earlier springs shorten the maple syrup season making syrup production unprofitable in the 
region. Summer recreation is less pleasant due to increased smog and uncomfonably hot temper­
atures. Already existing pollution, like acid rain and ozone, combine with climate change to cause 
widespread forest declines leading to forest morbidity and monality. New forests are slow to recol­
onize disturbed areas, leading to large areas of weeds, grasses and shrubs. 

We don't know at this point whether either of these scenarios or one in between might really 
unfold if climate change continues as projected. Because the risks are great, the prudent course 
would be to try to avert a potentially disastrous result. This implies action to slow and reduce the 
emissions of greenhouse gases at local, national and international levels. 
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1 The discussion of dimate change science and its predictions for 
North America and the White Mountains for this report is drawn 
extensively from the Intergovernmental Panel on Climate Change 
~PCC) assessments. The IPCC is an international group of thou­
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Cambridge. p. 285-357. This citation is a key chapter in the 
Intergovernmental Panel on Climate Change's 1995 report on 
the science of climate change. It is a comprehensive review of 
current climate models with a discussion of their reliability 
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Climate Change and An Evaluation of the IPCC IS92 Emissions 
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II. The Proposal and Its Unveiling: Strategic and Policy Benefits 

At the October 6 event, the President and a set of CEOs could, together, announce a 
new Climate Change Partnership for America"that recognizes and rewards the commitments 
of companies to undertake greenhouse gas emissions reductions in advance of legally binding 
targets. The "real tons on the table now" focus of this announcement, whether framed in terms 
of a binding commitment to reduce tons of CO2-equivalent, to obtain offsets for emissions 
above a specified level, to spend a specified amount of money on procuring emissions 
reductions, or some blend of these, would capture the attention of the international community, 
demonstrate the seriousness of the President's commitment to environmental success on the 
climate issue, and lock in a core of constituent companies in favor of a Kyoto Protocol that 
contains the flexibility tools the Administration has proposed. 

The "quid pro quo" for this set of commitments by industry would be a commitment by the 
President that any company participating in the Partnership would have the opportunity to earn 
early reduction credits that could be transacted in an emissions trading market or used to 
comply with future domestic GHG emissions limitation requirements that might be imposed after 
the mandatory compliance period of the Kyoto Protocol began. The partnership would provide 
a forum for the President to formally recognize that many of the industries that will be called 
upon to reduce greenhouse gas emissions are capital stock-intensive and would benefit from a 
cushion against economic bumps in the emissions reduction road. Similarly, for fossil-fuel­
intensive firms, the availability of a "bank" of early reduction credits already available to them · at 
the beginning of the first compliance period would enhance their ability to continue their 
economic activity while complying with any GHG emissions obligations. 

That these credits would be earned by the companies' achievement of actual emissions 
reductions prior to the first compliance period is essential to ensuring the environmental 
integrity of the initiative and to the subsequent compliance regime. At the same time, the 
emissions reductions achieved during the pre-compliance period to earn such credits would 
lower the "business as usuar GHG emissions trajectories, at least of the participating firms. It 
is the lowering of these emission trajectories prior to the first budget period that would be 

• instrumental to avoiding the significant economic disruption that many·m:,w fear emissions limits 
could later entail. 

. . 

In addition, these emissions reductions would yield a direct environmental benefit. 
Announcement of such an initiative would. put the President and the United States on the 
environmental and economic high ground on the climate change issue. 
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IV. Using a Private GHG Emissions Pool: Assuring Performance: Guarantees and Remedies 

A. The Contours of the Corporate Commitments. The ~limate Change Partnership for 
America initiative envisions that a group of companies would commit, during the period from 
1998 up until the start of a first greenhouse gas emissions budget period (the "early banking• 
period), to: 

♦ Limit their cumulative emissions over the early banking period to a specified 
emissions budget level, or spend a specified amount of money (e.g. $10 million per 
company) on reducing greenhouse gas emissions during that period, or limit their 
emissions to a specified emissions budget level and obtain offsets for any emissions 
above that level during the early banking period; and 

+ Join an emissions trading "pool" in which each pool participant reports its emissions 
performance to the pool during the early banking period, and the pool reports the 
pool's emissions performance to the federal government. 

◊ The emissions trading pool would be a voluntary agreement legaliy 
enforceable among members, with pool members rewarded in relation to 
pool emissions performance. 

◊ Pool participation would make members eligible to meet their annual 
emissions milestones through their own reductions, investing in reduction 
projects, trading within the pool, purchasing options, banking, and (if 
certified) trading outside the pool. 

◊ The pool as an entity would provide services to members, including 
verification, accounting, and liquidity; vetting off-pool reductions and logging 
off-pool sales; and providing an independent channel to government for 
reporting purposes. 

. . . . - -:.,,;,,._ . . 

+ Provide, directly or through the pool, a guarantee, insurance mechanism or backstop 
for the emissions commitments of the members. 

Because the pool mechanism's legal enforceability would provide both environmental and 
financial credibility, pool membership would provide a new revenue stream to members through 
the sale of reductions and options on reductions. The pool would also assist members in 
meeting their insurance/guarantee/backstop obligations. And, pool membership would afford 
member companies "green" product and service differentiation. 
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V. Meshing the Early Banking Partnership with Domestic Implementation of Legally Binding 
Emissions Budget Obligations. 

Because the Climate Change Partnership for America initiative contemplates that one or more 
pools would commence operation well before either domestic or international legal constraints 
on GHG emissions took effect, questions will arise (as they have with Climate Challenge) as to 
the relationship between pool operations and eventual domestic regulation of GHG. Typical 
questions might include: 

• If allowances or permits are allocated on the basis of historic emissions, will pool 
participants' baselines be set so as not to penalize them for early reductions? 

• Can pool compliance obligation be substituted for individual company compliance 
obligations under whatever domestic regulatory system eventually is established? 

These and similar questions would need to be explored by pool candidates and the 
Administration as negotiations on a partnership move toward a more fully detailed conclusion. 
The fact that these arise as questions that both sides of the partnership would need to grapple 
with, however, illustrates how the Climate Change Partnership for America approach of banking 
and crediting for early reductions transforms the relationship between industry and government 
into one of negotiation toward a mutual goal. 

* * * * * 
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