THE WHITE HOUSE
WASHINGTON

SIAFFE SECRETARY
oD StEed April 30, 1998

MEMORANDUM FOR RECORDS MANAGE
FROM: JONATHAN ADASH

The attached three boxes contain the following material relating to climate change:

Box 1: UNFCCC - COP - 3 Briefing Book; Agency Papers for Climate Change-
Analysis Workshop (6/27); Congressional Information Notebook; PCAST
Report Release, 11/5/97; Five Labs Study Information; The March of the
Jolly; Global Warming (The Complete Briefing); WHCA East Room
Remarks (Audio); Microcassettes of White House Conference;

Box 2: President’s Advisory Committee - USTR Briefing Book (9/25/97);
Administration Documents on Climate Change; October 22 Cabinet
Briefing Materials; Draft- Climate Change Report; PCAST Report
(11/5/97); Global Competitiveness Report- 1997; U.S. Submission
Under UNFCCC- 1997, Argone Report; White House Conference

Transcript;

Box 3: Talking Points- Stern; Stern Speeches; Meetings- Todd; Todd’s Speech-
10/14/97; Research; Talking Points- Q & A; White House Conference
Materials; International Utility; Climate Change Background; National

Security; Oversight/ Working Group; International Actions;

Congressional Record (10/22-23/97); Asphalt Nation; Kyoto: Diplomatic
Reports, Press, Vice President, State Department Policy Papers,

Miscellaneous.
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.Key Findings of the Second
Intergovernmental Panel on Climate Change

The U.S. Government finds the IPCC ¢ The reluability of regional-scale predictio

Second Assessment Report to be an low, and the degree to which climate vu@{

extremely useful document. It has change is uncertain, '

achieved the goals of being scientifically ;

credible and policy relevant, without +  Scalevel is projected to rise by 15-95 cm (6-38 e

being policy prescriptive. inches) by 2100.

The key findings of the IPCC can be * ‘The long atmospheric lifetime of many greenhouse

simply summarized: gases, coupled with the thermal inertia of the

oceans, meuns that the warming effect of

Regional and global climate and sea level anthropogenic emissions will be long:lived.

« Human activities are incrcasing the atmospheric *  Even with a stabilization of greenhouse gas
concentrations of carbon dioxide and other concentrations in the year 2100, temperatures
greenhouse gises that tend to warm the atmosphere would continue to increase for several decades. and
and. in som¢ regions, of acrosols that tend to cool sea level would continue to rise for centurics.

the atmosphere.

= The Earth's climate is changing. The surface Potential health and environmental

temperature this century is as warm or warmer than consequences of climate change

any uther century since at least 1400 AD: the ¢  Human-induced regional and global changes in
temperature has increased by 0.3 to 0.6°C (about temperature. precipitation. soil moisture, and sca
0.% to 1°F) over the last century; the last few level add important new stresses on ecological and
decades have heen the warmest this century; sea sociocconomic systems that are already affecied by
level has risen 10 to 25 ¢cm (about 4 to 10 inches); pollution, increasing resource extraction, and non-
and mountain glaciers have retecated world-wide sustainable management practices.

this century.
*  Most systems ase sensitive 1o both the magnitude

*  Models that account for the observed increases in and rate of climate change.
the atmospheric concentrations of greenhouse
gases and sulfate aerusols arc simulating the reeent * The projected changes in climate include potentiatly
history of obscrved changes in surfiace temperature disruptive cffects that will atfect the economy and
and its vertical distribution with increasing realism. the quality of life for thiy and future generations:
+  The halance of evidence suggests that there is a - Human Health will be adversely affected
discernible human influence on global climate. through an increase in the rate of heat-related
mortality and in the potential for the spread of
*  Without specific policies that reduce the growth of vector-borne diseases such as malaria. dengue,
greenhouse gas emissions, the Earth'’s average yellow fever, and encephalitis and non-vector-
surface temperature is projected to increase by borne diseases such as cholera and
about I to 3.5°C (about 2 to 6.5°F) by 2100, a rate salmoncllosis.
faster than unything observed over the last 10,000
ycars. — Pood Security will be thrcatened in some

regions of the world. especially in the tropics
and subtrupics, where many of the world's
puorest people live, even though the effects of
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climate change on total global food production
maty be small to moderate in comparison to the
effects of population change and increasing
nutrition denunds,

—  Water Resources will be increasingly stressed,
leading to substantial ccononuce. socil, and
chvironmental costs, especiully in regions that
are already waterlimited and where there is
strong Competifion among uscrs

— Human Habitat Loss will occur in regions where
small islands and coastal plain and river arcas
are particularly vulnerable to sea level rise.

—  Natural Ecosvsiems will be degraded because
the composition. geographic distnbution, and
productivity of many ccosyvstems, such as
forests, will shift as individual species respond
1o changes in chimate, This will likely lead to
reductions in biological diversity and in the
goads and services ecosystems can provide for
SOCILLY.

+  Developing countries are more vulnenible thin
developed countries to climate change because of
their socio-¢conomic conditions

o hpacts will be hard o quantify with certainty
because of uncertainties in regional climate
projections, the comphicanng etfects of multiple
stresses,ind o ek of understanding of some key
prl WERSUS.

Approaches to mitigate or adapt to
climate change

«  Adaptation which involves adjustments in practices,
processes. or struciiees of systems. can be helpiul
cither in reducing adverse impacts or in preparing
0 Gike advantage of potential benelicial changes in
climate.

« Options such as migrition Corridors 1o assist
adaptation of natural ceosystems o new climare
conditions are limuted and their effectveness is
generally unproven,

o Successtul adaptation will depend upon
technological advances, institutional armngements,
availability of financing. tweehnology transter.
intormation ¢xchange. and incorporation of climate
Change coneerns info resource use and
development decisions. Potential adaptation options
for many developing countries are extremely limited
due to the limited availability of technological and
cconomic capabilities.
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»  Srabilization of the atmospheric concentrations of
carbon dioxide at three times the pre-industrial
concentration or less will eventually require globul
emissions to be cut well below roday s levels.

¢ Gains in enerpy clficiency of 10-30" above present
levels are feasible at little or no cost in many parts of
the world through conservittion meisures.
development of new cnergy supply technologics.
and improved land management pracuces over the
next 2 to 3 decades.

= Signilicunt reductions in net greenhouse gas
cmissions can be achieved utilizing an extensive
arruy of technologics, and policy measures that
accelerate technology development, diltusion | and
transfer in all sectors,

*  Flexible, costctfective policies relying on cconomic
incentives and instruments. as well as internationally
coordinated instruments. can considerably reduce
mitigation and adaptation costs.

¢ International and intergenerional equity issues are
critical for policy tormulation.

«  Thereis justification for going bevond a no-regeers
strategy

Implications for Policymakers

The 1PCC has clearly demonsteated that the actions
currently bemng tiken under the Framewaork Convention
on Climace Change to address the threat of global
warming are inadequate. They have shown that there
Ay many costcffective approaches to reduce nget
emissions in all parts of the world, which i
implemented would provide significint environmenial
bhenetits. In all countries, including non-Annex |
countries, many of these options will improve prospects
tor sustaimitble development and management of
resources, While we are clearly not technology -limited
in making some initial progress in reducing projeceed
RECenhouse gas emissions, deep long-term costctivetive
reductions will require intensive RXD and significant
improvements in energy, industeial and crop
technologies. Theretore. it is clear that we collecuvely
must redouble our eftorts in identifving the most cost
elfecuve global approaches o reduce ¢missions in both
the near- and long-term utlizing o broad portfolio of
actions. Further, we must enhance supporr for
couperative natonal and mtermtional efforts o
understand the socio-cconomic consequences of
climate change, regional variations, and the efficacy of
adaptation and mtgation options.,
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“State of Knowledge

The Earth's climate is predicted to change because
human activitics are altering the chemical
composition of the atmosphere, The huildup of
greenhouse gases—primarily carbon dioxide,
methane, nitrous oxidec and chlorofluoro-
carbons— is changing the radiation balance of the
planct. The basic heat-trapping propcerty of these
greenhouse gases is cssentially undisputed,
Although there is considerable scientific
uncertainty about exactly how and when the
Earth’s climatc will respond to enhanced
greenhouse gases in the future, observations
indicate that detectable changes are underway.
The direct effects of climate change will include
changes in temperaturc, precipitation. soil
moisture and sea level Such changes could have
adverse effects on ecological systems, human
health and socio-economic scctors.

Human-induced climate change is a complex
problem, which can impact the economy and the
quality of life for this and futurc generations., The
lag time between emission of the gases and their
impact is on the order of decades to centuries; so
too Is the time needed to reverse any effects. Thus,
policy decisions in the near term will have long:
ternm conscyuences,

The Climate System

A natural greenhouse eifect keeps the Farth about 33°C (60°F)
warmer than it utherwise would be. Withowt this greenhouse
effect, Jife as we know it would not be possible. Water vapor,
carbon dioxide and other trace gases trap heat as it is re-
radiated from the Earth hack to space However, since pre-
industrial times, human activitics have added 10 the natural
greenhouse effect by releasing additional greenhouse gases to
the atrmosphere. The burning of fossil fucls (coal. oil and gas)
lor cnergy is the primary source of emissions; changing land-
use patterns through agriculturee and deforestation alsa
contribute a signiticant share, Current global emissions of
carbon dioxide from energy use are approximarety 6 gigatons
of carboa (GIC) per vear.

Future greenhouse gas ¢missions are sensitive (o changes in
demographic. ecomumic, technological, policy and instirutional
developments. By the vear 2025, world emissions could range
from 8 to 15 Git per year in the year 2100, world ¢missions
are projected w eange trom 5 0 36 GrC per vear, depending
on cnergy use, populations, technologics and other tactors. The
United Stares and the rest of the OECD countries currenthy
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contribute about 10 pereent of global carbon dinxide
cmissions. Future growth in cmissions trom QECD countries is
predicted ta he significantly smaller than growth in developing
countrics and countries with economics in transition

Since the preandustrial cra stmwspheric concentraiions of
carbon dioxide huve increased by nearly 30 percent, methane
concentrations have doubled and nitrous oxide concentrations
have risen by 15 percent. These increases result in a rdiative
forcing or heat-impping of ¢nergy cquivalent to about 2.8
walts per squire meter (Wm'’) About hall of the radiauve
torcing may have been masked by increased levels of
traditional air pollutants —sulfates and carbonaceous acrosols,
particularly in the northeen hemisphere —which cool the
armosphere by retlecting incoming solar radiation and altening
the reflective propernties of clouds. Acrosols are short-lived and
vary regionally, hence they should not be regarded as a simple
offset 1o greenhouse gas torcing. In addition, due to their
health effects, buildup will likely be limited. Caleulations
suggest that the projected increases in armospheric
concentrations of greenhouse gases alone will result in an
additional cadiative forcing of about 3-8 Wm? by 2100. For a
given concentration of greenhouse gases, the resulting
increase in radiation can be predicied with precision, but the
resulting impact on climate is more uncertain

Maodel calenlations. based on plausible ranges of future
emissions and climace sensitivities, suggest that the global
surfuce temperature could increase an average of 1.0-35°C
(1.B6.47F) by 2100, wath signiticant variation by region. This
estimate accounts for the offset from aerosols, which has
lowered earlier estimates somewhar, Globalaverage
emperature changes off this magninde would be pecater than
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" recent natural fluctuations and would oceur at a mte
significantly faster than any observed changes in the last
10,000 years.The United Stares and high lantsdes are
projected to warm morc than the global average. especially as
sulfatc acrosol loading Is decreased.

Model calculations also suggest that the rate of evaporation
will increase as the climuate wirtis, leading to an increase in
average glohal precipitation. Although precipitanon ar high
latitudes is expected to increase. much of the precipitation
Increase may fall over the veeans. The models also suggest thae
the frequency of intense runfall will increase and there will Iw
a marked decrease in soil mosture over some mid hintude
cuntinental regions during the summer

Sca level is projected to e rease by 13 10 95 centimeters (0 1o
38 inches) by the end of the next century. due ponninly o the
thermal expansion of the occans and the multmg of gliciers.

Calculations of clinute change at the regional scale are
significantly less reliable than average global vidues. and s
unclear whether climate will become more variable The
frequency and intensity of some extreme weather events of
critical importange (0 ecological svstems (droughis. Toods,
frosts, cloudingss, the frequenay ot ot or cold spells and the
intensity of associated fire and pest outhreaks) could mcreise

Global mean surface remperatures have increiscd botween td
and 0.6°C (0.%1 and 1.08°F) sinee the ke ' century,
despite marked regional. scasonal and dinmal ditferences
raising the decade global temperatures to the highest level in
this century.

The ten warmest years this century huve all occurred since
1980. 1995 was the warmest vear on record, suggesting the
atmosphere has rebounded Irom the transicnt cooling of 0.5,
(0.9°F) causcd by the eruption of Mi. Pinatubo and simulated
by the modcls.

12:39

several anallary picces of evidence consistent with wiarming
such as a deercase in Northern Hemusphere snow cover. a
simultancous decrease inArctic sea we. contnued meliing of
alpme glaciers and o rise of sea level have been corroborated
The frequency of extreme cuntll events also has increased
throughout much of the country, suggestive ol an
intensificaton of the hvdrologie evele,

There is consistency between the observed global averige
temperature trend over this penod and model simulations of
the warming duc o greenhouse gases i allowance is madce tor
the increasing evidoenee of g coaling ctfcet due o
anthropogenic acrosols and stratospheric ozone depletion.
Amadyses of the geographical and verncal patierns of change
give us more confidence thar woe are beginning w detect a
human-anduced signal despite natural climate variability, The
IPCC concludes “the halance of evidencoe suegests a
discernible human influcnce on global Chimare

Carbon cvele mode s imply that limiting amospheric
concentritions of carbon dioxide o am level below =30 parts
por mullion by volume (ppan ) about three umes the pre
industrial level would reguore emissions worldwide o
eventualiy deop below 1990 tevels The longer emissions
continue o inerease, the greater the evennoal redud tions
would have to he in order to stabihze concentribons at a given
level

Although much isalready knossnabourt the creenhouse oftect
substantal redue tion of key uncertimtes oletuled
quantitication of the timing, muagmitude amd regional patterns
of cimate change ) may require adecade o more. Accnrare
proedictions are limited by oo knowledee o the haaee
crnssions and armosphicric concentmtions o carbon Jivsade,
acrosols and other greenhouse gases the rale o Clotds
water vapor and the role ot the occims and Lind coosvstems

Observed Land and Sea Surface Air Temperature
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Projected Impacts of Climate Change

Climate change poses theeats o resources both domestically
and internationalh These threats could have signiticant, but
uncertain, socioeconnmic conseguences Changes in
emperature, precipitation and sea level driven by climawe
change can add to existing stresses on resources caused by
other infTuences such as population growih, land-use changes
and pollution. Developing countries are more villnerable thun
developed countries o climate change because of their socio-
cconomic conditions

Overall, various strttegies for coping with climate change can
be ilemtified for “intensively managed” systems (such as
agriculture, water resaurces and developed coastlines), For
these systems, technological and management options CXist w
some exent today: although they may be costly o implement
With time, more efficient responses can be developed for
these sectors, By compatrison, lewer options can be identificd
for natural systems tsuch as wetkinds and wildermess areas).

Natural ceosvatenms will e degraded because the
composition, geographic distribution and productivity of
many ceosystems will change as individual species respond 1o
changing climate This wall hkcly lead to reductions
biological diversity and in the goods and services evosystems
can provide toe socicty

Temperature champges of the magniude expected from the
enhaneed greenhouse effect have occurred in the past, bt
the previous chunges 1ook place over ceniries or millennia
instead of devades. Rares of natuedd migraton and adaptaton
of species and commnies appear to be much slower than
the predicted rte of dinate change

One of the consequences of global chimate change may be
increases in the fregueney of some extreme weather events
partcularly droughts and toods OF course. we cannor
uwambiguoushy relate chmate ehange w specific events
However, these events. when they do ocenr, can be costly For
example:

e Since 1992015 waather eclated disasters i the Umited
States have cost $70 billion m damages and sevenl
hundred deaths trom floods, beat waves, hurmicianes,
blizzacds and hal sorns

o Damages from the Mississippi Kiver Dooding in 1993
dre estimined o range from S10 billion 1o $20 brilion

o Almost S billion i federal pavments went to larmers
sullering crop losses dunng the 1985 drought

Examples of the kinds of etleers thae may result from climate
chunge ingludke:
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Health

Human health will be adverscly atfecred through an increase
in the rte of heat-related mortality and in the potential for the
spread of vector-borne discases such as malaria, denguce fever,
vellow fever and encephalitis and nonvector borne-diseascs
suchoas cholera and salmaonetlosis

There witl likely be increased rish of malaria and dengue fever
in the United States Changing tomperatures and precipitation
patterns may produce new breeding sites for pests and
pathogens.

Climate change may increase heatstress moretality, particularhy
in the very young and very old

Water Resources

Changes i precipitation and mcreased evaporation from
higher temperatnres can attfect water supplies and water
fuality posing threats to hvdreopow erorrggation. fisheries and
drinking water.

Floods are more likeh because the frequency of intense
runlall s predicied o ngrease.

Droughts are hikely 1o be mune severe because warmer
temperitures mercase evaporation mates and theeeby lead o
dricr sonds duning periods o litle or no rain.

Climate change would be hkely (o add 1o the stress in several
Unued States niver basins such as the Grean Rasin, California,

Missourt Arkansas. Toxas Gult. Rio Grande and Lower Colorado.

Water scarciy m Middle Eastern and African countries also is
likely to be exacerbated by climate change.
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Coastal Resources

A S0 centimeters (20 inches) rise in s¢a level by the vear 214,
which is within the range projected by the 1MCC could
inundate more than 5,000 square miles of dryvland and an
acldhitional 4,000 square miles of wetlands in the United States
it no protective agnions are taken

Arcas ac ighest nisk from sea level rise are areas currenth
expericncing high crosion rtes and those with very low
elevations, such as parts of the United States Atlantic and Gulf
COUSLS,

Internatonally. many low-lying arcas such s parts of the
Maldives. Egvptand Bangladesh would be completely
inundated and unimbabitable by a similar sea level nse This
would ereate kirnge numbers of environmental refugees which
winld PUL SIFESS On governments and socil strucourees.

Agriculture

Larpe arvas of the castern and central United States tace
modenite to severe drving. Drought could become more
frequent. particularly in the Great Phans.

Agriculture production in developing countries is likely to be
more valnerable to climate change. given thae these coumres
e relanvedy fower coeonomie resources

Fonnd scarvity s threeatencd in some regions of the waorld.
especially in the tropres and subtropacs, where many of the
waorkl's poorest people live, esen though the effects of e
change on il global food producuon oy e soall o
modere compared wath the effears of population growth and

i reasing nutriion tlemangds

Forests

Clinute chimge over the next several deeades mighit sttt the
ideal ringe tor same North Amcenicn torest species by as muach
as 200 mudes to the north, exceceding the abilies of torests ad
other ecological commumitics 1 migrne

Forest damage from fire and dichachs daven by droughc
sty and discise could ine rease

The most yulnerthle forest resourees are those in regions
subject o increased moisture stress. as in the dry continental
interiors

Socio-Economic Analyses

Socincconomic amilvses of climate chamge also are nuiking
important contfibubions. A Key msight s that 2 portioho ot
actons imed ac mitgation, adapation and improving onr
knowledge would be a prudent way to daal wath dimate
change. [Uis importnt to allow activities w be adjusted
periodically in light of new informution At her insighit s the
policy wnalysiy and development muast carctully consider both
the potenual costs of macrion in twerms of mpacts. as
dosenbed m the provious section, and the potenual coeonomic
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Costs associted with measures (o reduce greenhousy pas
LSO,

From the practnioners” perspectiv e, gualitative msights from
mitation cost medeling studics are more important than the
absolute mumerical results. For Cxample speatic approaches
desiuns and sraregics M emeree as superior w hen evialieaed
wsing o variety of modeling rmmeworks Sevestl dishingt
mcthodologios are among the tools aviailible o assist policy
nahers in evalwaung the potenteal costs assocted with
reductions i greenhouse gas emissions, These inchide
techmology costing studies. evonomew ide macroecmonm
maoddets ind computable general cgutibrum models e
varions models cach has e strengths aod weahnesses and pone
hythemiselves can .nh't]u.lh'l_\' Preortras the potential coononi
i practs associated wairth reductiems i greenhonse IR
LTINS

Anaboes 1o date Tughlight the hey mole of webmology
wimovation, capital stock tirnosee and capital prodoctiviey aml
therr intluenee on nutigauon costs b addition. recent _||'|;‘|,l!.'~u.'\'
disa snggest that flexible approaches including the possibiline
ot opumizing reductions across countries and over e, have
the potentsal to significantly reduce the costs ol achiesing am
given nutigition nhir.'('ii\'c
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FXCERPTS ON CLIMATE CHANGE
Remarks by the President to Business Roundtable
Washinglon, D.C.

June 12, 1997

..Finally, let me say on an issue that | know is a concern to sume of you because I read your ad in the
paper — (laughter) - I think that we have to prove that we can grow the economy while not only
preserving, but actually enhancing, the environment. And I believe most of you think we ¢an do that. And
I think the message you were trying to get across in the ad is, don't wreck the economy without knowing
what you’re doing. I understand that.

But let me say, ] was very moved by the speech recently given by the Chairman of British Petroleum on
the issue of climate change. T don’t know how many of you read it, but essentially what he said is, look,
nobody knows exactly what the impact of climate change is, but let’s not deny anymore that the climate is
changing and that it can't be good, and that no harm will be done if we take sensible steps to try to reduce
greenhouse gas emissions and to do other things which will help us to preserve the environment.

We've had more extreme weather conditions in the United States in the last five years than we had in the
previous 30. And we know from all the scientific studies what is happening to the temperature of the
globe. What I ask you to do is to work with me in good faith to give our children a world worth living in.

A lot of you have made a good deal of money in your corporations by technologies which improve the
environment. And if we have the strongest economy in the world, we will find a sensible way to grow that
economy in a way that fulfills our responsibilities.

Today, with 4 percent of the world’s population, we produce over 20 percent of the greenhouse gases.
We're up 13 percent since 1990 when President Bush and his administration said we would try to hold
constant through the year 2000.

I had an interesting conversation with Jiang Zemin in New York about a year ago, when he said, I don’t
want you to have a containment policy toward China. Isaid, I'm not sure -- I said, I don't want to have a
containment policy towards China. I said, my biggest worry about you is that you'll get rich the same way
we did. And if you do that, you might burn the air up because you've got 1.2 billion people. And we need
to find an environmentally responsible way tor China to grow.

So I ask you to join with us in this partnership. There is no sccret plan. There is no scheme here to try to
put thousands of Americans out of business. I have devoted my passion and the best ideas 1 could come up
with o try to get this country in good shape economically and socially. But I do believe it is folly for us to
believe that we can go into the next century without a strategy that says we're going to be responsible and
we're going to do our part and lead the world on the environmental issues -- because we all know what the
evidence is. We don't know what the consequences are, and we don’t want to go off and do something that
we're not sure makes sense. But we can do this. We can do it together. We can do it in a way that makes
sense,

And I ask you not to ever ask us to back away from that, but instead join hands with us and do what we've
done for the last four and a halt years. Let's find a way to preserve the environment, to meet our
international responsibilities, to meet our responsibilities to our children, and grow the economy at the same
time. T know we can do it. Look at the evidence of the last four years. We can o anything if we put our
minds to it...
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A Common-Sense Approach to Global gha_gge

A leading business group a week
ago advertised its desire for a national
debate on climate change policy. All
power to them: Such a debate is
sorely needed.

But a debate needs to start some-
where, which means asking ourselves
what we understand about climate
change policy. Economists have
thought about this issue—the admin-
istration's among them—and their
thinking provides a set of “common
sense” precepts about climate change
that form a worthwhile basis for the
discussion our nation needs to have.
Before we debate, let's remind our-
selves of what we already lmow.

(1) The science is compelling. Car-
bon dioxide warms the planet and by
pumping more of it into the atmos-
phere, ind iy changing its cli-
mate. It's hard to say by how much,
and it will affect different places in
different ways, but the net effect is
unlikely to be good. And as is too
often the case for "system changes,”
the shift in temperature is likely to be
more abrupt than we'd like it to be.

(2) The economie costs are small
Abating carbon dioxide and other

greenhouse gases will entail ecogomuc

costs, but these are small and transi-
tional. The economuc literature sug-
gests that we could roll back our CO,
emissions to their 1990 levels by
2010 for the equivalent of a 25 cent
gas tax. It's not free, but it’s not the
end of the world. Catastrophic climate
change, if it occurs, could be.

(3) Price signals matter. Would
that we could mandate that all refng-
erators run on hamster power and
that banana peels fuel automobiles.
We can't. Broad price signals—oper-
haps the product of emissions permits
that polluters could trade—send ev-
erybody the night message. They re
not a2 whole policy, but a requisite
basis for one.

{4) Waiting won't work. As serivus
as it is, climare change is not some
sci-fi terror that requomes immediate
mobilization and massive sacrifice.
But deferring action will raise the
cost of stabilizing the world’s atmos-
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“The longer we wait, the further we have

to catch up.”

pheric concentrations of greenhouse
gases, our ultimate goal. That's be-
cause our emissions (both the United
States’ and the world’s) are growing
faster than any imminent technology
can abate them. The longer we wait,
the further we have to catch up, On
the other hand, the sooner we give
ourselves some lead time, the easier
al! of this wil] be. :

(5) Capital incentives are Impor-
tant. The faster we invest, the faster
we turm over our capital stock, and
the faster we achieve emissions re-
ductions. That's because new invest-
ment embodies the latest technolo-
gies for reducing emissions.
Expenience across a wide range of
industnies shows that well-designed
processes reduce both emissions and
total business costs. Investment in-
centives must be considered as part
of (limate change strategy, because

e e
pro-investment policy is pro-environ-
ment policy.

(8) Allow cross-border trading. It's
all one atmosphere, whether it's pol-
luted by U.S. utilities, German steel
plants or Korean traffic ams. If we let
polluters in one country search for
cheaper pollution offsets in others,
then we lower the cost of the entire
process. The former Soviet bloc, Chi-
na, India and others will offer such
opportunities, at least for the next
few decades. The question is: How do

you make such a system work? That's
something worth debating.
nT is the key. The eco-

nomic effects of climate change poli-
cies occur over periods so long that
even Alan Greenspan can't manage
them—decades, even generations.

We must have a far-sighted technolo-
gy program that aims our most formi- !

dable economic weapon—new
ideas—at this pressing problem.
Let's sidestep the yammering about
“corporate welfare,” sit down with the
busiess leaders who have expressed
their concern and work out a shared
program to innovate our way through
this problem.

(8) The whole world must be in-

————

volved. The current negotiating
framework would require the leading
industrial economies and the former
Soviet bioc to sign up to firm commit-
ments now while the newly industnal-
izing nations of Asia and Latin Ameri-
ca catch up, somehow, later, Will this
lead to a massive out-migration of
capital from the United States and the
other developed nations as firms flee
the burden climate change policies
impose? Probably not, given that
there are already mizable differences
in energy costs and environmental
stringency between these two
groups. But that's no reason to let
them persist. Any climate treaty has
to show how all of the world’s nations
are brought into the process.

(9) Compensate the losers. The fact
that the economic costs are small in
general does not mean that cveryone
escapes unharmed. It would be high-
handed in the extreme to speak of
climate change policy as an abstract
“transition” without addressing the
losses it imposes on men and women
who work hard and support their
families through jobs such as coal-

) -
lcrmm.ng. Farness demands nothing -
s8,

(10) The United States must lead
The business leaders are nght when -
they call for a debate that aﬁows our' .
entire nation to understand the cli-/,
mate issue. But there are also inter-
national negotiations underway, The.,-
United States can't walk away from _
the table. To date, it has done a good”
job of pushing for greater flexibility *
for our private sectors as a general ~

It’s time to have a climate change ™
debate, But the debate should con-2
cern itself with how best to take these -,

The writer was wundersecretary of
commerce for economic affairs until .,
this month.
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U.S. CLIMATE CHANGE PROPOSAL FACT SHEET

January 17, 1997
TEN
EMISSIONS TARGETS
PORTING A MPLIAN
V. I OPING COUNTRY EFF S
N l 10

NDE l

In July, 1996 the United States outlined a broad framework for negotiation of next steps under the
Framework Convention on Climate Change. In December, 1996 the U.S. further claborated its ideas by
describing the key elements that should be discussed for inclusion in a protocol to guide greenhouse gas
emissions reduction efforts in the post-2000 period. The attached document represents further
elaboration of the proposed framework. Today, the United States will present to the Conveation's
Secretariat draft text for consideration in international negotiations that will occur throughout 1997.
Consistent with previous U.S. statements and proposals, the U.S. submission addresses the following key
topics:

EMISSIONS TARGETS

* A new concept is set forth to guide the establishment of developed country emissions targets.
Building on the concept of cumulative and averaged emissions, the U.S. proposes creation of an
*emissions budget”. Multiple emissions budget periods are proposed, including a second period in
which emissions are equal to or less than the first period, thus assuring continued progress toward
achievement of the Convention's objective.

— For a given period, each developed country Party would be allocated an emissions budget.
— The submission does not identify either the size of the budgets or the duration of the

— Parties would be allowed to Abank for future use emissions not used during a given
period; to Aborrow a limited amount of emissions (with a penalty) from a subsequent period;
and to trade emissions.

— A new category is proposed to encourage rapidly developing countries to voluntarily
adopt emissions budgets,

REPORTING AND COMPLIANCE

* The proposal establishes procedures to ensure adequate reporting, measurement, review and
compliance.
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-- Countries would have to set national systems for measuring emissions accurately,
achieving compliance and ensuring enforcement.

— Annual reports on measurement, compliance and enforcement efforts for the relevant
budget period would be required and made available to the public.

— Implementation efforts would be reviewed under the Convention by expert teams and
discussed at appropriate meetings of the Parties.

-- The Partics would be assigned responsibility for determining the consequences of
non-compliance, for example: denial of emissions trading/joint implementation rights; loss of

voting and other decision-making rights.
ADVANCING DEVELOPING COUNTRY EFFORTS

® The proposal advances implementation of developing country commitments under the Convention

— Requiring developing countries to identify and adopt *no-regrets” mecasures to mitigate net
greenhouse gas emissions.

— Requiring developing countries to prepare annual emissions inventories and report on
steps taken to reduce emissions.

- Establishing a process for reviewing developing country reports and improving emissions
reduction strategies.

EMISSIONS TRADING AND JOINT IMPLEMENTATION

® The U.S. submission provides for full emissions trading among countries with emissions budgets
(provided they are in compliance with all obligations under the agreement); it also provides for
“joint implementation®, through which countries without emissions budgets could create and
transfer emissions reduction credits achieved by qualified projects.

LONG-TERM EFFORTS UNDER THE CONVENTION

® The proposal calls for periodic review of the agreement as scientific knowledge and information
grow, it also requires the Partics to seek establishment of a long-term goal for atmospheric
greenhouse gas concentrations.

* The proposal calls for establishment of a date certain for negotiation of emissions obligations for all
Parties, and calls for development of graduation mechanisms to strengthen the obligations of
developing nations.
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Meteorological records and computer
models permit insights into some of the broad
weather patterns of a warmer world

by Thomas R. Karl, Neville Nicholls and Jonathan Gregory
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uman beings have in recent

vears discovered that they

may have succeeded in
achieving a momentous but rather un-
wanted accomplishment. Because of
our numbers and our technology, it now
seems likely that we have begun alter-
ing the climate of our planet.

Climatologists are confident that over
the past century, the global average tem-
perature has increased by about half a
degree Celsius. This warming is thought
to be at least partly the result of human
activity, such as the burning of fossil fu-
els in electric power plants and automo-
biles. Moreover, because populations,
national economies and the use of tech-
nology are all growing, the global aver-
age temperature is expected to continue
increasing, by an additional 1.0 to 3.5
degrees C by the vear 2100.

Such warming is just one of many
consequences that climate change can
have. Nevertheless, the ways that warm-
ing might affect the planet’s environ-
ment—and, therefore, its life—are among
the most compelling issues in earth sci-
ence. Unfortunately, they are also among
the most difficult to predict. The effects
will be complex and vary considerably
from place to place. Of particular inter-
est are the changes in regional climare
and local weather and especially extreme
events—record temperatures, heat waves,
very heavy rainfall, or drought, for ex-
ample—which could very well have
staggering effects on societies, agricul-
ture and ecosvstems.

Based on studies of how the earth’s
weather has changed over the past cen-
tury as global remperatures edged up-
ward, as well as on sophisticated com-
puter models of climate, it now seems
probable that warming will accompany
changes 1n regional weather. For exam-
ple, longer and more intense heat
waves—a likely consequence of an in-
crease in either the mean temperature or
in the variability of daily temperatures—
would result in public health threats and
even unprecedented levels of mortality,
as well as in such costly inconveniences
as road buckling and high cooling loads,
the latter possibly leading to electrical
brownouts or blackours.

FLOODED FARM near the Mississippi
River in 1996 illustrates one likely conse-
quence of warming trends. Rainfall will
not only increase overall, but individual
events will become more intense.

The Coming Climate

Climate change would also affect the
patterns of rainfall and other precipita-
tion, with some areas getting more and
others less, changing global patterns and
occurrences of droughts and floods.
Similarly, increased variability and ex-
tremes in precipitation can exacerbate
existing problems in water quality and
sewage treatment and in erosion and
urban storm-water routing, among oth-
ers. Such possibilities underscore the
need to understand the consequences of
humankind’s effect on global climate.

Two Prongs

Rcscarchcrs have two main—and
complementary—methods of inves-
tigaring these climate changes. Detailed
meteorological records go back about a
century, which coincides with the period
during which the global average tem-
perature increased by half a degree. By
examining these measurements and rec-
ords, climatologists are beginning to get
a picture of how and where extremes of
weather and climare have occurred.

It 1s the relation between these ex-
tremes and the overall temperature in-
crease that really interests scientists. This
is where another critical research tool—
global ocean-armosphere climate mod-
els—comes in. These high-performance
computer programs simulate the impor-
tant processes of the atmosphere and
oceans, giving researchers insights into
the links between human activities and
major weather and climate events.

The combustion of fossil fuels, for ex-
ample, increases the concentrarion in the
atmosphere of certain greenhouse gas-
es, the fundamental agents of the global
warming that may be artributable to
humans. These gases, which include
carbon dioxide, methane, ozone, halo-
carbons and nitrous oxide, let in sun-
light but tend rto insulate the planet
against the loss of heat, not unlike the
glass of a greenhouse. Thus, a higher
concentration means a warmer climare,

Of all the human-caused (anthropo-
genic) greenhouse gases, carbon diox-
ide has by far the greatest impact on the
global heat budget (calculated as the
amount of heat absorbed by the planer
less the amount radiated back into
space). Contributing to carbon dioxide’s
greenhouse potency is its persistence: as
much as 40 percent of it tends to remain
in the atmosphere for centuries. Accu-
mulation of atmospheric carbon diox-
ide 1s promoted not only by combus-

tion bur also by tropical deforestation.

The second most influential human-
caused effect on the earth’s radiation
budget is probably that of aerosols,
which are minute solid particles, some-
times covered by a liquid film, finely dis-
persed in the atmosphere. They, too, are
produced by combustion, but they also
come from natural sources, primarily
volcanoes. By blocking or reflecting
light, aerosols tend to mitigate global
warming on regional and global scales.
In contrast to carbon dioxide, aerosols
have short atmospheric residence times
(less than a week) and consequently are
concentrated near their sources. At pres-
ent, scientists are less certain about the
radiative effects of aerosols than those
of greenhouse gases.

By taking increases in greenhouse
gases into account, global ocean-atmo-
sphere climate models can provide some
general indications of what we might
anticipate regarding changes in weather
events and extremes. Unfortunarely,
however, the capabilities of even the
fastest computers and our limited un-
derstanding of the linkages among vari-
ous atmospheric, climaric, terrestrial
and oceanic phenomena limit our abili-
tv to model important details on the
scales at which they occur. For exam-
ple, clouds are of great significance in
the atmospheric heat budger, bur the
physical processes that form clouds and
determine their characteristics operate
on scales too small to be accounted for
directly in global-scale simulations.

How Hot, and How Often?

he deficiencies in computer models

become rather apparent in efforts
to reproduce or predict the frequency
of climate and weather extremes of all
kinds. Of these extremes, temperature is
one of the most closelv studied, because
of its effect on humanity, through health
and mortality, as well as cooling loads
and other factors. Fortunately, research-
ers have been able to garner some in-
sights about these extremes by analyz-
ing decades of weather dara. For statis-
tical reasons, even slight increases in the
average temperature can result in big
jumps in the number of very warm days
[see top illustration on next page|.

One of the reasons temperature ex-
tremes are so difficult to model is that
they are particularly sensitive to unusu-
al circulation patterns and air masses,
which can occasionally cause them to
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SMALL SHIFTS in the most common daily tempera-
ture cause disproportionate increases in the number
of extremely hot days. The reason is that tempera-
ture distributions are roughly Gaussian. So when the
highest point in the Gaussian “bell” curve moves to
the right (above), the result is a relatively large in-
crease (yellow area) in the probability of exceeding
extremely high temperature thresholds. A greater
probability of high temperature increases the likeli-

hood of heat waves (right).

follow a trend in the direction opposite
that of the mean temperature. For ex-
ample, in the former Suviet Union, the
annual extreme minimum temperature
has increased by a degree and a half,
whereas the annual extreme maximum
showed no change.

The National Climatic Data Center,
which is part of the U.S. National
Oceanic and Atmospheric Administra-
tion (NOAA), has developed a statistical

SHIFTED TEMPERATURE DISTRIBUTION

JENNIFER C. CHRISTIANSEN

48

model that simulates the daily maxi-
mum and minimum temperatures from
three properties of a plot of tempera-
ture against time. These three properties
are the mean, its daily variance and its
day-to-day correlation (the correlation
is an indication of how temperatures
persist—for example, how often a hot
day is followed by another hot day).
Given new values of mean, variance and
persistence, the model will project the
duration and severity of ex-
tremes of temperature.
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DAYS WITH FROST (ROMA, AUSTRALIA)

1980

GLOBAL AIR TEMPERATURE
rise was simulated (above, left) by
a climate model at the U.K. Mete-
orological Office’s Hadley Center.
The blue line is from a simulation
based on carbon dioxide only; the
vellow line also takes into account
sulfate. As the global temperature
has increased, the number of days
with minimums below zero de-
grees Celsius has gone down. This
example (left) shows the annual
number of davs with frost in
Roma, Queensland, in Australia.

grees C (zero degrees Fahrenheit) would
still occur. They might even persist for
several days in a row. There should also
be a significant reduction in the number
of early- and late-season freezes. And,
not surprisingly, during the summer,
uncomfortably hot spells, including so-
called killer hear waves, would become
more frequent. With just a three degree
C increase in the average July tempera-
ture, the probability thar the heat index
(a measure that includes humidity and
measures overall discomfort) will ex-
ceed 49 degrees C (120 degrees F) some-
tme during the month increases from
one in 20 to one in four.

Because of their effects on agricul-
ture, increases in the minimum are quite
significant. Observations over land ar-
eas during the later half of this century
indicate that the minimum temperature
has increased at a rate more than 50
percent greater than that of the maxi-
mum. This increase has lengthened the
frost-free season in many parts of the
U.S.; in the Northeast, for example, the
frost-free season now begins an average
of 11 days earlier than it did during the
1950s. A longer frost-free season can
be beneficial for many crops grown in
places where frost is not very common,
but it also affects the growth and devel-
opment of perennial plants and pests.

The reasons minimum temperatures
are going up so much more rapidly
than maximums remain somewhat elu-
sive. One possible explanation revolves
around cloud cover and evaporative
cooling, which have increased in many
areas. Clouds tend to keep the days

The Coming Climate



cooler by reflecting sunlight and the
nights warmer by inhibiting loss of heat
from the surface. Greater amounts of
moisture in the soil from addirional
precipitation and cloudiness inhibit
daytime temperature increases because
part of the solar energy goes into evap-
oraring this moisture. More conclusive
answers, as well as a prediction about
whether the asvmmetry in daytime and
nighttime warming will continue, await
better computer models.

Projections of the day-to-day changes
in temperature are less certain than those
of the mean, but observations have sug-
gested that this variability in much of the
Northern Hemisphere’s midlatitudes
has decreased as the climate has become
warmer. Some computer models also
project decreases in variability. The vari-
ability depends on season and location
and 1s also tied to surface characteristics,
such as snow on the ground or mois-
ture in the soil. In midlatitudes, changes
in the daily variability of temperature
have also been linked to changes in the
frequency and intensity of storms and
in the location of the paths commonly
taken by storms. These storm tracks
are, in effect, a succession of eastward-
moving midlatitude depressions whose
passage dominates the weather.

The relation between these storms and

PRECIPITATION TRENDS berween
1900 and 1994 reveal a general tendency
toward more precipitation at higher lari-
tudes and less precipitation at lower ones.
Green indicates more rain; brown less.

The Coming Climate
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temperature is complex. In a warmer
world, the difference of temperarure be-
tween the tropics and the poles would
most likely cover a smaller range, be-
cause greater warming is expected near
the poles. This factor would tend to
weaken storms. On the other hand, high
in the atmosphere this difference would
be reversed, having the opposite influ-
ence. Changes in storms could also hap-
pen if anthropogenic aerosols continue
to cool the surface regionally, altering the
horizontal temperature contrasts that
control the location of the storm tracks.

More Precipitation

he relation berween storms and
temperature patterns is one of the
reasons it is so difficult to simulate cli-
mate changes. The major aspects of cli-
mate—temperature, precipitation and
storms—are so interrelated that it is im-
possible to understand one independent-
ly of the others. In the global climarte
system, for example, the familiar cycle
of evaporation and precipitation trans-
fers not only water from one place to
another but also heat. The hear used ac
the surface by evaporation of the warer
is released high in the atmosphere when
the water condenses again into clouds
and precipitation, warming the sur-
rounding air. The atmosphere then loses
this heat by radiating it out into space.
With or without additional green-
house gases, the earth takes in the same
amount of solar energy and radiates the
same amount back out into space. With
a greater concentration of greenhouse
gases, however, the surface is berter in-
sulated and can radiate less heat directly
from the ground to space. The efficien-
cy with which the planet radiates heat
to space goes down, which means that

the temperature must go up in order for
the same amount of heat to be radiated.
And as the temperature increases, more
evaporation takes place, leading ro more
precipitation, averaged across the globe.

Precipitation will not increase every-
where and throughout the year, howev-
er. (In contrast, all areas of the globe
should have warmer temperatures by
the end of the next century.) The distri-
bution of precipitation is determined not
only by local processes but also by the
rates of evaporation and the atmospher-
ic circulations that transport moisture.

For instance, most models predicr re-
duced precipitation in southern Europe
in summer as a resule of increased green-
house gases. A significant part of the
rainfall in this region comes from local
evaporation, with the water not precip-
itated locally being exported to other
areas. Thus, in a warmer climare, in-
creased evaporation in the spring would
dry our the soil and lead to less water be-
ing available for evaporation and rain-
fall in the summer.

On a larger scale, most models pre-
dict an increase in average precipitation
i winter at high latitudes because of
greater poleward transport of moisture
derived from increased evaporation at
low latitudes. Since the turn of the cen-
tury, precipitation has indeed increased
in the high latitudes of the Northern
Hemisphere, primarily during the cold
season, as temperatures have increased.
But for tropical and subtropical land
areas, precipitation has actually de-
creased over the past few decades. This
is especially apparent over the Sahel and
eastward to Indonesia.

In northernmost North America
(north of 55 degrees) and Eurasia, where
conditions are normally far below freez-
ing for much of the year, the amount of

APPROXIMATE CHANGE IN PRECIPITATION
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snowfall has increased over the past sev-
eral decades. Further increases in snow-
fall are likely in these areas. Farther
south, in southern Canada and the
northern U.S., the ratio of snow to rain
has decreased, but because of the in-
crease in total precipitation there has
been little overall change in the amount
of snowfall. In the snow transition belts,
where snow is intermittent throughout
the cold season, the average snowfall will
tend to diminish as the climate warms,
before vanishing altogether in some
places. Interestingly, areal snow cover
during spring and summer abruptly di-
minished by nearly 10 percent after
1986. This decrease in snow cover has
contributed to the rise of spring temper-
atures in the middle and high latitudes.

Besides the overall amounts of precip-
itation, scientists are particularly inter-
ested in the frequency of heavy down-
pours or rapid accumulations because
of the major practical implications. In-
tense precipitation can result in flooding,
soil erosion and even loss of life. What
change do we expect in this frequency?

Whether precipitation occurs is large-
lv determined by the relative humidity,
which is the ratio of the concentration
of water vapor to its maximum satura-
rion value. When the relative humidity
reaches 100 percent, water condenses
into clouds, making precipitation possi-
ble. Computer models suggest that the
distribution of relative humidity will
not change much as the climate changes.

The concentration of water vapor
needed ro reach saturation in the air ris-
es rapidly with temperature, however, at
abourt 6 percent per degree Celsius. So
in a warmer climate, the frequency of
precipitation (which is related to how
often the relative humidity reaches 100
percent) will change less than the
amount of precipitation (related to how
much water vapor there is in the air). In
addition, not only will a warmer world
be likely to have more precipitation, but
the average precipitation event is likely
to be heavier.

Various analyses already support the
notion of increased intensity. In the U.S.,
for example, an average of abour 10
percent of the total annual precipitation
that falls does so during very heavy
downpours in which at least 50 mil-
limeters falls in a single day. This pro-
portion was less than 8 percent at the
beginning of this century.

As incredible as it may seem with all
this precipitation, the soil in North
America, southern Europe and in sever-
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HURRICANES, a kind of tropical
cyclone, will probably occur in dif-
ferent global patterns as a result of
warming; their overall incidence,
however, may not change. Hurri-
cane Andrew, shown raging here
in Miami, struck the southeast
coastal U.S. in 1992, causing $30-
billion worth of damage.

al other places is acrually ex-
pected to become drier in the
coming decades. Dry soil is of
particular concern because of its
far-reaching effects, for instance,
on crop vields, groundwater re-
sources, lake and river ecosys-
tems and even on down to the
foundations of buildings. High-
er temperatures dry the soil by
boosting the rates of evapora-
tion and transpiration through
plants. Several models now pro-
ject significant increases in the
severity of drought. Tempering
these predictions, however, are
studies of drought frequency
and intensity during this centu-
ry, which suggest that at least
during the early stages of global
warming other factors have over-
whelmed the drying effects of warmer
weather. For example, in the U.S. and
the former U.S.S.R., increases in cloud
cover during the past several decades
have led to reduced evaporarion. In
western Russia, in fact, soil moisture
has increased.
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Stormy Weather

reat as they are, the costs of

droughts and heat waves are less
obvious than those of another kind of
weather extreme: tropical cyclones.
These storms, known as hurricanes in
the Atlantic and as typhoons in the west-
ern North Pacific, can do enormous
damage to coastal areas and tropical is-
lands. As the climate warms, scientists
anticipate changes in tropical cyclone
activity that would vary by region. Not
all the consequences would be negative;
in some rather arid regions the contri-
bution of tropical cvclones to rainfall is
crucial. In northwest Australia, for ex-
ample, 20 to 50 percent of the annual
rainfall 1s associated with tropical cy-
clones. Yer the damage done by a single
powerful cyclone can be truly spectacu-
lar, In August 1992 Hurricane Andrew
killed 54 people, left 250,000 homeless

and caused $30-billion worth of damage
in the Caribbean and in the southeast
coastal U.S.

Early discussions of the possible im-
pacts of an enhanced greenhouse effect
often suggested more frequent and more
intense tropical cyclones. Because these
storms depend on a warm surface with
unlimited moisture supply, they form
only over oceans with a surface temper-
ature of at least 26 degrees C. There-
fore, the reasoning goes, global warm-
ing will lead to increased ocean temper-
atures and, presumably, more tropical
cyclones.

Yet recent work with climate models
and historical data suggests that this
scenario is overly simplistic. Other fac-
tors, such as atmospheric buoyancy, in-
stabilities in the wind flow, and the dif-
ferences in wind speed at various
heights (vertical wind shear), also play
a role in the storms’ development. Be-
yond enabling this rather broad insight,
though, climate models have proved of
limited use in predicting changes in cy-
clone activity. Part of the problem is
that the simulations are not yet detailed
enough to model the very intense inner
core of a cvclone.

The historical dara are only slightly
more useful because they, too, are im-

The Coming Climate



perfect. [t has been impossible to estab-
lish a reliable global record of variabili-
ty of tropical cyvclones through the 20th
century because of changes in observ-
ing systems (such as the introduction of
satellites in the late 1960s) and popula-
tion changes in tropical areas. Never
theless, there are good records of cy-
clone acuvity in the North Atlantic,
where weather aircraft have reconnoi-
tered since the 1940s. Christopher W.
Landsea of the NOAA Atlantic Oceano-
graphic and Mereorological Laboratory
has documented a decrease in the inten-
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sity of hurricanes, and the total
number of hurricanes has also
followed suit. The years 1991
through 1994 were extremely
quiet in terms of the frequency
of storms, hurricanes and strong
hurricanes; even the unusually
intense 1995 season was not
enough to reverse this down-
ward trend. It should be noted,
too, that the number of ty-
phoons in the northwestern
Pacific appears to have gone up.
Overall, it seems unlikely thar
tropical cyclones will increase
significantly on a global scale. [n
some regions, activity may esca
late; in others, it will lessen. And
these changes will take place
against a backdrop of large, nat-
ural variations from vear to year
and decade to decade.
Midlaritude cyclones accom-
panied by heavy rainfall, known
as extratropical storms, general-
ly extend over a larger area than
tropical cyclones and so are more
readily modeled. A few studies
have been done. A recent one by
Ruth Carnell and her colleagues
at the Hadley Center of the UK.
Meteorological Office found fewer but
more intense storms in the North At-
lantic under enhanced greenhouse con-
ditions. But the models do not all agree.
Analyses of historical data also do not
give a clear conclusion. Some studies
suggest that since the late 1980s, North
Artlantic winter storm activity has been
more extreme than it ever was in the
previous century. Over the past few de-
cades, there has also been a trend toward
increasing winds and wave heights in
the northern half of the North Atlantic
Ocean. Other analyses by Hans von

Storch and his colleagues at the Max
Planck Institute for Meteorology in
Hamburg, Germany, found no evidence
of changes in storm numbers in the
North Sea. In general, as with the trop-
ical cyclones, the available information
suggests that there is lictle cause to an-
ticipate global increases in extratropical
storms but thart regional changes can-
not be ruled out.

The Future

Athnugh these kinds of gaps mean
that our understanding of the cli-
mate system is incomplete, the balance
of evidence suggests that human activi-
ties have already had a discernible influ-
ence on global climate. In the future, to
reduce the uncertainty regarding anthro-
pogenic climate change, especially on the
small scales, it will be necessary to um-
prove our computer modeling capabili-
ties, while continuing to make detailed
climatic observations.

New initiatives, such as the Global
Climate Observing System, and detailed
studies of various important climatic
processes will help, as will increasingly
powerful supercompurters. But the cli-
mate system is complex, and the chance
always remains that surprises will come
about. North Atlantic currents could
suddenly change, for example, causing
fairly rapid climate change in Europe
and eastern North America.

Among the factors affecting our pre-
dictions of anthropogenic climate
change, and one of our greatest uncer-
tainties, is the amount of future global
emissions of greenhouse gases, aerosols
and other relevant agents. Determining
these emissions is much more than a
task for scientists: it is a marter of
choice for humankind. 8

Further Reading

NICHOLLS and JONATHAN GRE-
GORY were all members of the Inter-
governmental Panel on Climate
Change, which assessed and reported
on the human impact on global climate.
Karl is a senior scientist at the National
Oceanic and Atmospheric Administra-
tion’s National Climatic Dara Center.
Nicholls is a senior principal research
scientist at the Australian Bureau of
Meteorology Research Center. Gregory
is a climate modeler at the Hadley Cen
ter of the U.K. Meteorological Office.
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Climate Change:
An Overview

Chronology

Science

Negotiations

Other Country Positions
U.S. Objectives



History

Arrheriiﬁs; Late 1800’s -- scientific statement of
problem

Keeling; 1959 -- monitoring of atmospheric CO2

Toronto; 1987 -- political statement of possible
solution: 20% reduction from 1987 levels by 2005

UNGA; 1990 -- formal initiation of negotiations
Rio; June, 1992 -- UN Framework Convention
Berlin; March, 1995 -- new negotiating mandate



- Physical Science

* Radiative forcing: global warming theory

* Modeling v. empirical data
— Satellite data

— Computer analysis

* Uncertainty in the science
* Science “skeptics”




The Greenhouse Effect (radiation flows expressed as a percent of total Incoming or outgoing ‘energy)
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Incoming solar radiationis partially reflected backinto space (30 percent) and partially absorbed by the atmosphers, ice, oceans, land, and

biomass of the Earth (70 percent). The Earth then emits radiant energy back into space. The “Greenhouse Effect” refers to the trapping
of some of the radiant energy the Earth emits by atmospheric gases, both natural and anthropogemc As aresult of this effect, the Earth's

surface and lower atmosphere warms.
SOURCE: Office of Technology Assessment, 1991.
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Atmospheric concentrations of greenhouse gases and
aerosols are increasing because of human activities

There is clear evidence of a discernible human influence
on the Earth’s climate, remaining uncertainties
notwithstanding

Without global efforts to reduce emissions, the Earth’s

temperature is projected to increase between 0.8° and
- 3.5° C by the year 2100, a faster rate than anything

observed during the last 10,000 years -



IPCC: The Science 2

These projected changes in climate will result in adverse
effects on human health, many ecological systems and
socio-economic sectors

A range of cost-effective technologies and policies can
be used in both developed and developing countries to
markedly reduce net emissions of greenhouse gases

There is a justification for going beyond a “no regrets”
strategy



Impacts

Temperature change
Change in hydrologic cycle
Sea level

Disease vectors

Biodiversity/managed and unmanaged
ecosystems



Response Options

* Costs and cost-benefit analysis to determine
level of appropriate action

« Sectoral Responses
— Technology development/diffusion

* Change 1 in behavior patterns induced through
— economic instruments
— legislation
— public relations



Thé‘ Intergovernmental Panel on
Climate Change (IPCC)

Origins: 'WMO and UNEP
Structure -- organization of Panel

— Scientific structure: Working Groups on Science,
Impacts, Response Options

. — Governing structure
First and Second Assessment Reports
Influence on Process o

IPCC’s future




* United Nations
Environment
Program

Scientific
Community

Participating
Governments

Working Group I
(Science Issues)

Co-Chairs:

United Kingdom
(Sir John Houghton)
: Brazil
(Dr. L.G. Me

Intergovernmental Panel on

Climate Change
(IPCC)

Chair: Bert Bolin, Sweden

Working Group II
(Impacts, Adaptation &
Mitigation)

(Dr. Ziyowera)

e

World
|  Meterological
Organization

(WMO)

UN Framework
Convention on
Climate Change

(FCCC)

Working Group III
(Cross-cutting Economic
& Other Issues)

Co-Chairs:

Canada
(Dr. James Bruce)
Korea



Negotiations ‘

« UNGA Resolution 45/212

* Intergovernmental Negotiating Committee
(INC) | _
_ Establishing the negotiating structure
— Conducting a multilateral negotiation
— Concluding an agreement



~limate CI - ion Statu
Signed by 160 Countries

As of July 1, 1996, Convention had been ratified by 159 countries,
including the United States (which was the 4th country to ratlfy in
October 1992)

Convention “Entered into Force” on March 21, 1993



The United Nations Framework
Convention on Climate Change

* Objective
* Principles
e Commitments

- — All Parties (Article 4.1)
— Developed Country (Annex I) Parties

e Institutional Structure



FCCC OBJECTIVE

“The ultimate objective of this convention and any
related legal instruments that the Conference of the
Farties may adopt is to achieve, in accordance with the
relevant provisions of the Convention, stabilization of
greenhouse gases in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the
climate system. Such a level should be achieved within a
timeframe sufficient to allow ecosystems to adapt
naturally to climate change, to ensure that food
production is not threatened and to enable economic
development to proceed in a sustainable manner.”



Commitments

For all Parties:

Develop national invertories of greenhouse gases

formulate and implement programs of measures to mitigate
and facilitate adaptation to climate change

promote technology develdpment, application,
diffusion and transfer

promote research and information exchange

report on actions




COMMITMENTS FOR DEVELOPED COUNTRY PARTIES:

-

adopt policies and take corresponding measures on mitigating climate
change by limiting anthropogenic emissions of greenhouse gases and
protecting and enhancing sinks and reservoirs

take the lead in modifying longer-term trends of emissions,
recognizing that retum by the end of the present decade to earlier
levels of anthropogenic emissions of greenhouse gases would
contribute to such modification.

coordinate with other such parties relevant economic and
administrative instruments necessary to achieve the convention’s
objectives

provide new and additional financial resources to meet the agreed full
costs incurred by developing country Parties in oomplymg with their
obligations.

report on actions to meetings of the Conference of the Parties |



REPORTING

national inventories

description of steps taken to implement convention

-- for developed country, quantifying projected results of actions
first report due: |

-- for developed countries, within six months of entry into force

- others, within three years or when financial resources become
available

Parties may make report jointly



Operation of the Convention

e International process
— Inventorying
— Reporting
« Domestic obligations
— The U.S. Climate Action Report
— Country studies
— Consideration of next steps



U.N. Framework Convention on Climate Change
(FCCCQC)

Convention Secretariat
Michael Zammit Cutajar, Executive Secretary
- (Malta) '

Signed in Rio de Janiero-June 1992
Ratified by U.S.-Oct. 15, 1992
Entered into force-March 21 1994
First Conference of the Parties-March/April 1995
Second Conference of the Parties-July 8-19 1995

R -

Conference of the Parties (COP)

Chair: Environment Minister Merkel
(Germany)

COP 2 will be chaired by the

Environment Minister of Zimbabwe

Intergovernmental Panel on
March/April 1995 Climate Change (IPCC)
ly 8-19 1995

Chair: Bert Bolin
(Sweden)

Ad Hoc Group on the dih Subsidiary Body for
Berlin Mandate (AGBM) tor Ii“ﬁi‘i‘:&g::’ism Scientific and
.. P | Technological Advice
Chnle: Ambassador Estaada B | oy i Mabinood Okl (SBSTA)
(Argentina)
El Ghaouth . .
G Chair: Mr. Tabor Farago
Vice-Chairs: - (Mauiauis) (Hungary)
e Vice-Chair: Mr Soobaraj :
Daniel Riefsnyder Na Sok Ascsada Vice-Chair: Mr. Bert Metz
(United States) Ymmi 5 ‘;p - (Netherlands)
and Thailand. -
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For Developing Country Parties:
e Not introduce any new commitments

e Reaffirm and continue to advance the implementation of
existing commitments |
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For Developed Country Parties, aim to:
e Elaborate Policies and Measures

e Set quantified limitation and reductions objectives
within specified timeframes, such as 2005, 2010 and
2020 for their anthropogenic emissions by sources and
removals by sinks



Process to be carried out in light of best available
scientific evidence, and include, in its early stages,
analysis-and assessment to identify possible policies
and measures

Process to take place in open-ended ad hoc group

Sessions of group should be scheduled to complete
work as early as possible in 1997, with a view toward
adopting results at 3rd Session of COP



JOINT IMPLEMENTATION

e What is it?

e What problems do countries see
init?

-- North-South debate
-- Criteria
e What is the U.S. doing?

-- U.S. Initiative on Joint
Implementation (USIJI)



Decisi COP-1: Joint Imole :

Establish a pilot phase, to include both Annex | and non-
Annex | Parties on a voluntary basis, and review
progress of pilot on an annual basis |

Allow no credits to accrue to any Party during pilot
phase activities

Take conclusive decision on pilot phase and progression
beyond it no later than end of the present decade




Decisions at COP-1: Other Issues

Reportlng (including from developed and developlng
country Partles)

Technology transfer
Financial assistance to developing country Parties

Technical advisory panels

NGO input



Developing Country
Participation

* Non-Annex I represents a growing
proportion of global emissions

« Equity 1ssues and domestic |
priorities limit willingness to act:
— Per capita income disparities
between developed and
developing countries

— Health, local pollution, economic
growth, etc.

« FCCC call for “common but
differentiated responsibilities”



Domestic policy making

 Interagency working group

— chaired by DOS (Climate Negotiator, Amb.
Hambley)

e Assistant Secretaries’ Group
— chaired by DOS (A/S Claussen)

* Deputies Committee

— co-chaired by NSC and CEQ (D. Tarullo and
K. McGinty) |



Berlin Mandate called
for Parties_:

 To elaborate policies and
measures and set quantified
limitation and reductions
objectives within specified
timeframes:;

e Not to mtroduce new
commitments for Parties not
- 1ncluded in Annex I, but to
continue to advance the
implementation of existing
commitments.



Congress and Local Government

. Ratification will be necessary for new
agreement; SFR committee has jurisdiction.

» Implementing legislation will also be
required; multiple House and Senate
committees with jurisdiction

* Many state and local governments already

have climate programs in effect (e.g., CA,
MA, MN, WI, etc.).



- Other Domestic Players
. “Industry

— Business Council for Sustainable Energy (renewable
energy companies, some electric utilities)

— International Climate Change Partnership (ICCP;
chemicals, appliances, natural gas, etc.)

— Global Climate Coalition (GCC; coal, oil, utilities,
~primary industry, etc.)
 Environmental NGOs
— CAN, EDF, NRDC, Sierra Club, WWF, UCS, etc.
e Labor | |
— AFL-CIO, Mineworkers, etc



Figure ES-1
Total U.S. Greenhouse Gas Emissions: 1990
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Largely because of fossil fuel consumptlon CO2 emissions accounted for
the largest share of U.S. emlsswns |n 1990




- Figure ES-2
Types of Energy Consumed in the U.S.: 1990

Nuclear, Renewables, Other

i (12% or 9.31 QBtu) Coal (23% or 19.00 QBtu)

Petroleum

0
(41% or 33.55 Btu) Natural Gas

(24% or 19.28 Btu)

1 QBtu = 1 quadrillion Btu = 1X10E15 Btu

Approximately 88 percent of U.S. energy is produced through the
combustion of fossil fuels.




Figure ES-3
Carbon Dioxide Emissions by End Use Sector: 1990
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In this graph, emissions generated by electric utilities are allocated to each
end-use sector according to each sector's share of electricity consumption;...
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Per Capita Energy Consumption

OE CD

3 Canada
United States
" Bz Netherlands
222 We st Germany
zzzz2zz2zzzzzzzzzzzz2zZA United ngdom

Pz Japan

fm

2 Ifs{lﬂ'y"ce

E. Europe/U S.S.A.

27777 Czechosiovakia
Poland

Developing

ez Mexico
=3 Brazil
—2China
Indonesia
India

T I 1 i i B I 1

0 50 100 150 200 250 300 350
Million Btu's per person per year

SOURCES: U.S. Congress, Office of Technology Assessment, Energy
: in Developing,Countries, OTA-E-486 (Washington, DC: U.S.
Government Printing Oftfice, January 1991).



Realistic & Achievable

+ Steps towards a longer term solution



KeyEIements mof U.S. Protocol
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The International Players _

'European Union

JUSCANZ (Non-EU OECD countries)
NIS/Eastern Europe

+ Big Developing Countries (Chma Indla
‘Brazil)

OPEC
Alliance of Small Island States
Other Developing Countries




European Union

“Bubble”
15% below 1990 levels by 2010

Differentiated commitments within EU; call
for flat rate for others

Opposed to JI with developing countries

“Light” on developing country
commitments



Emissions Reductions 1n ‘201 0:

EU Council Distribution

Austria -25
Denmark -25
France ' 0
-QGreece +30
Italy - -7
Netherlands -10
Spain . 17

United Kingdom -10

Belgium
Finland
Germany
Ireland
Luxembourg
Portugal
Sweden



Emissions Proj ected in 2010:
USDOE - DRI/McGraw Hill Proj ections

Austria +15 Belgium 15
Denmark +22 Finland +37
France +235. Germany -2
Greece +36 Ireland +44
Italy +28 Luxembourg = ---
Netherlands ~ +34  Portugal +53
Spain +59 Sweden +29

United Kingdom -+12



Key Players in EU

» Germany: strong Green Party; calls for
aggressive commitments; considerable
reductions from former East Germany

e Netherlands: EU president; limited domestic
ability to reduce emissions; strong rhetoric;
most actions include significant domestic
exemptions |




More Key EU Players

« UK: removal of coal subsidies; strong on

‘developing country action; often U.S. ally in
EU council

e Jtaly: little domestic action on issue;
opposed to Northern Europe’s “too-

aggressive” approach; generally supportlve
of JI



Sti1ll more on the EU

- Denmark: the green end of the spectrum;

opposes JI; opposes developing country
action at this time; rhetoric very strong

» France: with high reliance on nuclear, has '
low per capita emissions; relatively
unengaged in AGBM debate.



JUSCANZ

» Australia: heavy coal/industry lobby strongly
opposed to action; proposes differentiated
commitments to reduce target; favors market
mechanisms

» Japan: host of COP-3 (in Kyoto); favors
differentiation; opposes JI, emissions trading
e Mexico: Only developing country member of

JUSCANZ; relatively silent in AGBM, emissions
growth projected to nearly double by 2010



More on JUSCANZ

« (Canada: domestic process makes policymaking
difficult; high emissions growth projected, favors
JI, emissions trading |

 New Zealand: closest to US in app'roach to next
steps; emissions largely from logging, methane
from sheep. |

« Norway: along with Switzerland and Iceland are
in favor of European style targets; Norway i1s
strong proponent of JI, and also of differentiated
commitments



JUSCANZ Emissions in 2010:
USDOE - DRI/McGraw Hill Projections

Australia +58 Canada +32
Japan - +35  Mexico +68
New Zealand +33  Norway +18
Switzerland +8 USA +24

JUSCANZ: Acronym stands for Japan, I_Jnited_ :
States, Canada, Australia, New Zealand; includes
all non-EU OECD members



NIS/Eastern Europe

* Russia: Supports JI/trading; favors (as do all in
this group) “flexibility” for meeting targets; has
protocol proposal combining flat targets with
differentiated commitment

« Eastern Europeans: positions often taken on the
-~ basis of their impact on future membership in the
EU; favor trading; favor flexibility.

e Total emissions in this group projected to decrease
by about 10% by 2010



Big Developing Countries '

* China: Plays the leading developing country
role in AGBM process; adamantly opposes
new commitments at Kyoto; publicly opposes
JI; world’s second largest emitter (after U.S.)

 India: only erratically a player in AGBM; no
consistent position; has in past been (along
with China) a key spokesperson for developing

~ countries B



Big Developing Countries

* Brazil: Only JI opponent in South America; exerts
enormous influence in southern hemisphere,
‘position often driven by individuals -- current
head of delegation is from space agency and has
technical focus/orientation

» DOE/DRI-McGraw Hill 2010 Emissions
Projections (percent growth)

— China  134%
~India  140%



OPEC

Fearful of substantial reductions in global oil consumption
with mitigation efforts.

Does not believe science has demonstrated climate change
is a credible problem.

Uses procedural maneuvers to block progress in AGBM

— Currently holding up resolution on “Rules of Procedure”,
including how final legal agreement is to be adopted.

Seeks “compensation” for any economic losses associated
with emissions reductions.

With more than 20 countries in the group, exerts
considerable influence during debate.



- Other Developing Countries

» Largely silent during negotiations
~« Climate change concerns are low domestic

priorities compared to economic growth
health and regional stability

» Principle focus in negotiations is to obtain
preferential transfer of technology and
additional financial development assistance



Alliance of Small Island States
(AOSIS)

 Composed of more than 35 island countries
“and countries with low lying coastal areas.

* Provides “left” end to OPEC’s right

» First group to table a protocol proposal; it
calls for a 20% reduction of CO2 emissions

below their 1990 levels by 2000 by
~developed country Parties



Nethiating Blocs |

JUSCANZ (non-EU OECD
~ countries)

EU

Eastern Europe/Countrles n
‘Transition

» Large developing countries
 (China, India, Brazil)

 AOSIS
OPEC
Other developing countries



~ Next Steps to the Future

o First meeting of the Conference of the
Parties: COP-1, Berlin: A call to action

~» The Berlin Mandate
_ Policies and measures
— QELROs
— Developing countries
— Timing

* The Ad Hoc Group on the Berlin Mandate
(AGBM) -



The Future

'« Who cuts the deal? -
* New 1nputs d
e The long term

— Environment
— Politics
— Negotiations



Calendar

April 1 -- Due date for any additional
proposals to meet “six month rule”

July 28-August 7: AGBM 7 (Bonn)

October 20 - 31: AGBM 8 (Germany?
TBA) '

December 1-12: COP-3 (Kyoto, Japan)



WE NEED HELP

« Presentation of US positions
e Persuasion to U.S. view

* Reporting on host government
- concerns/ideas |
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> government

STORM WARNINGS
RATTLE INSURERS

Global warming may lead to violent -
weather—and befty insurance claims—
resulting in calls for government action

Bette Hileman
CEEN Washington

n April 1, a blizzard roared through

the Northeast, dumping nearly

three feet of snow from New Jersey
to Massachusetts, shutting down airports,
closing schools, and knocking out electric-
ity to hundreds of thousands of people.
The 24 inches of snow that fell on Boston
was a record for April. Winds reached 70
mph, and the atmosphere was so unstable
it spawned frequent thunderstorms. A
week later, another spring blizzard buried
parts of the north central U.S., exacerbat-
ing already miserable conditions brought
on by huge snowmelt.

Extreme weather events like this—
many of them far more damaging—have
become increasingly frequent in many
countries over the past six years. At the
same time, global warming research is
giving more indications—although cer-
tainly not proof—that highly volatile
weather patterns are one of the conse-
quences of rising atmospheric concentra-
tions of greenhouse gases.

Despite this, the US. appears to be
backing away from the idea of supporting
the development of a strong treaty that
might eventually control greenhouse gas-
es. “1 am concerned that the Administra-
tion may support the most minimal ap-
proach it can get away with politically and
sneak through Congress without too
much complaint,” says Daniel A. Lashof,
senior scientist at the Washington, D.C.-
based Natural Resources Defense Council.

The Administration, however, has tak-
en a number of other steps that may help
slow down climate change, or help soci-
ety prepare for and adapt to the severe
weather events that do occur. The most
recent step is the formation of a White
House task force to communicate glo-
bal warming issues to Congress and the
public.

Since 1990, the area of the U.S. affect-
ed by extreme precipitation events—
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blizzards and heavy rainstorms—has
jumped about 20%. Last year, the nation
as a whole experienced its fifth wettest
period since records began to be kept in
1895, and in January, for the third con-
secutive year, the West Coast was hit
with severe flooding.

Recently, only a few areas of the country
have escaped 100vear events—weather
events so rare in the past that they oc-
curred only once in 100 years. Precipi-
tation is so much more extreme that the
statistics for 100-year events “in many
parts of the country are no longer reli-
able,” says Thomas R. Karl, director of the
National Climatic Data Center at the Na-
tional Oceanic & Atmospheric Administra-
tion (NOAA).

Another measure of the increase in ex-
treme weather events is the rising tide of
insurance claims around the world. In
constant dollars and using the 1960s as the
baseline, annual economic losses from nat-
ural catastrophic events worldwide in the

past decade have risen eight times, and in-
sured losses 15 times, says Munich Rein-
surance in a new report. (Reinsurance
companies are those that provide insur-
ance coverage for insurance companies
around the world.) About 600 natural di-
sasters—more than half of them storms or
floods—caused economic losses of $60 bil-
lion in 1996 and cost the insurance indus-
try $9 billion.

Many reinsurance industry leaders in
Europe and Japan and one in the U.S.
have decided that their rising costs prob-
ably result from human-induced climate
change as well as from the increased
concentration of populations in cities
and on coastlines. They have been very
active at United Nations meetings on cli-
mate change to try to persuade the inter-
national community to establish limits on
greenhouse gases. They believe that if
nothing is done, the insurance industry
worldwide could well collapse, and oth-
er sectors of the economy could be jeop-
ardized on a global scale as well.

“Global climatic change is probably
the single most important issue facing
the world today,” insists Kaj Ahlmann,
president of Employers Reinsurance
Corp. in Overland Park, Kan. “If we
don’'t do something about the climatic
changes on a global level, we will see
some changes that will alter the lifestyle
of our children and grandchildren,” he
adds. “Global climate change is here. It is
happening right now.” It certainly has a
major impact on the reinsurance busi-
ness, he says.

Most of the U.S. has experienced increased
precipitation over the past century

@ 20% increase  (O) 20% decrease
@ 10% increase (O 10% decrease
e 5%increase O 5% decrease

Source: National Climatic Data Center of the National Oceanic & Atmospheric Administration



Billion-dollar U.S. weather
disasters in 1996

Southern Plains Severe Drought. Fall
1995 through summer 1996. More
than $4 billion estimated damage.

Blizzard of 1996—in Appalachians,
Mid-Atlantic, and Northeast—Fol-
lowed by Flooding. January 1996.
$3 billion estimated damage; 187
deaths.

Pacific Northwest Severe Flooding.
February 1996. $1 billion estimated
damage; 9 deaths.

Hurricane Fran. September 1996. At
least $5 billion damage; 36 deaths.

West Coast Flooding. December
1996-January 1997. $2 billion to $3
billion estimated damage; 36 deaths.

Source: National Oceanic & Atmospheric Adminis-
tration

“If we do not take strong measures to
control greenhouse gases within the next
century, we can expect temperatures and
other climatic conditions Earth has not ex-
perienced in over 1 million years,” says
Gerhard Berz, head of the geoscientific re-
search group at Munich Reinsurance. “We
will be confronted with a massive increase
in extreme meteorological events that will
frequently result in catastrophes because
society will no longer be able to adapt
quickly enough. Therefore, waitand-see
tactics could prove extremely costly.”

Similarly, some government leaders
have come to believe that rising levels of
greenhouse gases have already caused, or
eventually will cause, a more extreme cli-
mate and other adverse global changes.
The intensification of the natural green-
house effect could lead to “widespread,
uncontrolled harmful global change,” says
Sen. John H. Chafee (R-R.1), chairman of
the Environment & Public Works Commit-
tee. He is particularly concerned that man-
made emissions of carbon dioxide could
upset the “natural patternlike flow of oce-
anic currents” that influence the climate
in many parts of the world dependent on
stable ocean currents.

For this reason, and because of the con-
clusions of the 1995 report of the UN Inter-
governmental Panel on Climate Change—
that human beings have already had a
discernible effect on climate—Chafee ad-
vocates a global treaty to reduce green-
house gas emissions. Many European lead-
ers share his view, At the last negotiating
session on climate change in Bonn, the Eu-

ropean Union proposed that greenhouse
gas emissions be reduced 15% from 1990
levels by 2010.

But the Clinton Administration, al-
though it basically shares these views,
seems to be waffling on the issue. It an-
nounced last July that it would push for
specific targets and timetables in a treaty
to limit greenhouse gas emissions. But
with only two negotiating sessions left be-
fore the final meeting in Kyoto in Decem-
ber—where a treaty will be negotiated at a
climate summit—the U.S. still has not pro-
posed specific targets or timetables. It ap-
parently does not plan to do so until a few
weeks before the Kyoto meeting.

Slow action in one arena does not
mean the US. is not taking steps to pro-
tect its citizens from severe weather
events. The U.S. government is taking its
cues from analyses of 20th-century data by
Karl, who finds that annual precipitation
has increased 6% since 1900—about equal
to one-half the yearly discharge of the Mis-
sissippi River. Annual precipitation in the
cold season (October-April) has risen 8%
and in the warm season (May-September),
4%. At the same time, the proportion of

‘precipitation falling in extreme events—

more than 2 inches of rain in 24 hours—
has risen while the proportion coming in
gentle showers—less than one inch in 24
hours—has declined.

Australia, Canada, Mexico, and South
Africa show similar precipitation trends,
Karl says. Only China and Russia show
no change—but for Russia, the data are
scant; and for China, data for the 1990s
have not been analyzed.

Over this century, drought indexes for
the U.S. indicate no overall systematic
trend. But “during the past few decades,
there has been a tendency for a greater
portion of the country to be either in a se-
vere drought or severe moisture excess,”
Karl says. Between 1960 and 1995, both
the frequency and intensity of hurricanes
that make landfall in the U.S. were relative-
ly low, compared with the peaks that oc-
curred in the 1940s and 1950s. However,
1995 and 1996 brought hurricanes that
were the strongest, or tied for the stron-
gest, of the century.

The climatic data for the U.S. over the
century is quite consistent with the pro-
jections of global climate models for ris-
ing levels of greenhouse gases, Karl ex-
plains. Models project that precipitation
would increase, especially during the
cold season; more of the warm season
rainfall would come in heavy convective
storms—showers or thunderstorms—
rather than gentler, longer lasting rainfall;

| droughts would be more severe and

longer lasting; and if other factors stayed
constant, the frequency and/or severity
of hurricanes would increase.

Karl folded all the climate changes
that have occurred together into an in-
dex and compared it statistically with the
changes that are expected with global
warming. This superimposition led him
to conclude that there is only about a
1-in-20 probability that the changes in cli-
mate seen during the 20th century could
be explained by natural variation alone.

“But it is unlikely that all the changes in
climate we have seen result from rising
levels of greenhouse gases,” Karl says. Nat-
ural variations of climate are caused by
changes in ocean circulation that affect air
temperatures, feedback from changes in
land surface (snow cover and plant cover),
volcanic eruptions, and variations in solar
radiation. However, ocean circulation and
land cover are not independent variables.
They, too, are affected by rising levels of
greenhouse gases.

In contrast, John M. Wallace, professor
of atmospheric science at the University of
Washington, says the extreme weather
events seen recently may be simply natu-
ral variability. “The climate system has ex-
hibited huge natural variability over the
millennia,” he explains. "It just goes
against my intuition to believe that the sys-
tem would be so sensitive that the small
amount of [global average] warming [1 °F]
seen over the century would be responsi-
ble for the large increase in extreme
weather events,” he says. The global in-
crease in rainfall could well result from the
1 °F increase in temperatures, he notes.
But air pollution may be responsible for
the fact that a greater proportion is com-
ing in heavy downpours.

Increases in precipitation and drought
are inevitable in a warmer world, ex-
plains Kevin E. Trenberth, head of the
climate analysis section at the National
Center for Atmospheric Research in
Boulder. According to the laws of phys-
ics, the increase in greenhouse gases
makes more heat available to the climate
system. “‘Some of that heat goes into rais-
ing temperatures, some of it goes into
evaporating moisture,” he explains. As a
result, there is more moisture in the at-
mosphere to get rained out. And, inevita-
bly, in a warmer world when it doesn't
rain for some time, the land dries out
faster and drought is more severe.

Hurricanes capture peoples’ imagina-
tions and lead them to believe that green-
house gases are having an effect on cli-
mate. But rising levels of greenhouse gases
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could have two opposing effects on hurri-
canes, Trenberth says. Hurricanes feed
upon the energy that comes from the
ocean. With the higher sea temperatures
associated with global warming, the area
of ocean that would be warm enough to
spawn hurricanes would be larger.

At the same time, higher levels of
greenhouse gases, which produce more
heating above Earth’s surface than at the
surface, would give the atmosphere
more stability. A more stable atmosphere
would be less likely to produce hurri-
canes. As a result, “we do not have a
clear understanding of how [the frequen-
cy and severity of] hurricanes are going
to change,” Trenberth says.

Another problem is that if global
warming does affect the frequency or in-
tensity of hurricanes, the trend would be
very hard to detect because hurricanes
show an enormous natural variability.
“Almost any trend you find will not be
significant,” Trenberth insists.

Researchers are now beginning to use
special modeling techniques to project
greenhouse-gas-induced climate changes
in much smaller regions than past mod-
els could handle. Because these new
techniques better represent storms and
circulation, this research could cast light
on the question of whether greenhouse
gases are having an effect on weather ex-
tremes, particularly on rainfall.

Traditional global climate models,
called general circulation models, project
changes with rising levels of greenhouse
gases for large areas of Earth—squares
generally 350 miles on a side. Such mod-
els are not useful for projecting the cli-
mate of much smaller regions like New
York's and Pennsylvania’s Susquehanna
Valley, for example.

For smaller regions, Eric J. Barron, di-
rector of the Earth System Science Cen-
ter at Pennsylvania State University, uses
a modeling technique called “nesting.” It
involves embedding a high-resolution,
limited-area climate model into a global-
scale general circulation model.

The nesting method is an improve-
ment over using general circulation mod-
els alone because it describes the physics
of precipitation better and includes the
topography, Barron explains. With nest-
ing, model results closely simulate the
observed precipitation and water flow in
small regions over past years, he says.

Barron used the nesting technique to
project what the precipitation for a num-
ber of regions of the U.S. would be if
carbon dioxide levels rose to 560 ppm, or
about two times the preindustrial level.
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Since 1960, the number of weather-related great
natural catastrophes has increased worldwide

Number of great natural catastrophes
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Source: Munich Reinsurance

(The current level is about 360 ppm, and
without curbs on greenhouse gases, carbon

“dioxide levels are expected to rise to 560

ppm sometime between 2050 and 2100.)
He found that precipitation in the north-
eastern U.S. in winter would rise from its
current average of 1 to 2 mm per day to 2
to 4 mm per day, and that the southwest-
ern U.S. would be substantially drier.

Robert G. Crane, professor of geogra-
phy at Penn State, used a set of mathemat-
ical expressions along with circulation and
humidity results from a general circulation
model to project precipitation for the Sus-
quehanna River Basin. When he raised
carbon dioxide levels to 560 ppm in his
model, he found that precipitation in
spring and summer would rise 32% over
current levels. “Such increases would
have dramatic effects on river flow, on val-
ley communities, and on the Chesapeake
Bay,” he says.

Although Barron’s and Crane's meth-
ods are different, they reinforce each
other and have a great potential for help-
ing develop policy responses to global
warming, Barron says.

The U.S. government is not yet re-
sponding to the global warming issue as if
it were a Crisis—as many reinsurance com-
panies advocate. But it is taking steps that
eventually could lead to a reduction in
greenhouse gases, and, possibly, the miti-
gation of severe weather events,

The Environmental Protection Agency
and Democratic members of Congress
are pushing for a change in the tax code
that would require employers to offer
cash in lieu of free parking. In large cit-
ies, this might induce more people to
take public transportation, thereby re-
ducing carbon dioxide emissions.

on to help itself, rnalung oulsids assistance
heat waves, droughts, and hai

The bill the Administration is crafting
on electricity deregulation will undoubt-
edly include some mandates for renew-
able energy, which will reduce green-
house gases. And the proposed fiscal
1998 budget of $699 million for research
on energy efficiency and renewable ener-
gy at the Department of Energy is an in-
crease of 20% over the 1997 level. A
number of new ways to generate energy
without producing much carbon dioxide
will likely come from this research.

The Clinton Administration has start-
ed an outreach effort to lay the ground-
work for convincing the Senate to even-
tually approve a climate-change treaty. A
few weeks ago, it set up a White House
Climate Change Task Force to communi-
cate global warming science and policy
options to Congress and to the many
constituency groups that have a stake in
the issue. The task force will have a staff
of six and will report jointly to the White
House’s Council on Environmental Qual-
ity and National Economic Council.

“We're working with a variety of con-
stituency groups, and Congress, and the
public to make sure that the domestic
implications of the issue are under-
stood,” says task force member Tom
Peterson, a representative from EPA who
until recently was on a Brookings legis-
lative fellowship with Sen. Joseph L
Lieberman (D-Conn.). “We also want to
make sure that the concerns, ideas, and
needs of these groups are adequately
considered in the policy process. We are
trying to involve Congress as much as we
can” in developing policy.

Most members of Congress now are
fairly indifferent to climate-change issues.
House Science Committee and Senate En-
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vironment & Public Works Committee
staff say the vast majority of the members
of Congress have not focused on climate
change at all and have little knowledge of
the subject. Only a very small fraction are
actively working for initiatives that might
eventually reduce greenhouse gases.

Several other new or ongoing govern-
ment initiatives might help society pre-
pare for or adapt to extreme weather
events. On Feb. 20, Franklin D. Raines,
director of the Office of Management &
Budget, and Kathleen A. McGinty, chair-
man of the Council on Environmental
Quality, issued a policy that aims to re-
duce the risk of future flooding.

In the past, the response to flooding
has been to rebuild levees and hand out
relief checks that are often used to re-
build structures on their original flood-
plain locations. When considering levee
repair, the policy says, the relevant agen-
cies should factor in design modifications
that would reduce future flood damages.
And agencies should consider “buyout”
of properties on flood plains, rather than
providing money to rebuild structures.

William H. Hooke of the Office of Oce-
anic & Atmospheric Research at NOAA is
coordinating a similar response to natural
disasters from extreme weather and other
causes. He chairs the White House Nation-
al Science & Technology Council's Sub-
committee for Natural Disaster Reduction.
This is a 10-yearold interagency research
program on measures communities can
take to guard against damage from natural
disasters. Under the committee’s direc-
tion, federal agencies are trying to put to-
gether a package of initiatives to minimize
impacts.

. Source: Munich Reinsurance

Because carbon dioxide has such a
long atmospheric lifetime, it may take 100
years for people to see the results of re-
ducing greenhouse gas emissions, Hooke
says. But if governments try to make every
community more resilient—for example,
by denying federal flood insurance for
new buildings on flood plains—‘the pay-
off is very much up front,” he says. (Resi-
dences on flood plains are generally in-
sured by the federal government; business-
es, by private insurers.)

In contrast, the government has taken
some actions that may make it more dif-
ficult for people to prepare for extreme
weather events. The National Weather
Service (NWS) has a $27.5 million short-
fall in its operating budget for fiscal 1997
because of various rescissions and addi-
tions that were made to that budget.

To make up the deficit, NWS will lay
off up to 200 employees, including some
at the National Hurricane Center in Miami;
cancel service contracts for weather radio
transmitters; reduce training for meteorol-
ogists; and cancel the public toll-free
phone numbers for weather information.
Unrepairable operational equipment will
not be replaced during this fiscal year.
These steps may impede NWS's ability to
predict storms, hurricanes, and other po-
tential disasters. If Congress approves the
fiscal 1998 budget request without sub-
stantial cuts, some of these steps will be
reversed next year, but some will be per-
manent. A citizens group called Americans
United is trying to reverse these cutbacks
in NWS services.

Because of its concern over the rising
number of extreme weather events, two
years ago the reinsurance and insurance

industry established a program to fund
research to help predict the risks of hur-
ricanes and windstorms. The program,
called the Risk Prediction Initiative (RPI),
is administered by the Atlantic Global
Change Institute, which is located in the
Bermuda Biological Station for Research.

Funding for RPI, at about $3 million
annually, is supplied by 13 global reinsur-
ance and insurance companies based in
Europe, Bermuda, and the U.S. Most of
this money is used to finance research by
independent scientists. :

RPI is attempting to address one central
question: Is the record of past weather
events no longer a guide to the future?
Traditionally, insurers have determined
the probability of natural catastrophes by
assessing their historical monetary losses
from similar events. But if human activities
are perturbing global climate, monetary
losses from past events may no longer be
sufficient for predicting future costs.

RPI also aims to enhance communica-
tion between scientists and insurers. It
convenes meetings attended by insur-
ance experts and climate scientists from
around the world.

Last July, 47 reinsurance and insurance
companies created a position paper that
they presented to the UN. Called the UN
Environment Program Insurance Initiative,
it “insists” that international negotiations
“achieve early substantial reductions in
greenhouse gases.” The paper further con-
cludes that “man-made climate change”
will increase the likelihood of extreme
weather events and that “such effects car-
ry the risk of dramatically increased prop-
erty damage.” So far, only one U.S. firm,
Employers Reinsurance Corp., has signed
the position paper.

For self-preservation reasons, many re-
insurance and insurance companies are
willing to go out on a limb, insisting on
nearterm action before the costs of not tak-
ing action can be quantified. Most scientists,
on the other hand, express much less cer-
tainty about the risks of climate change.

“One of the things we face is that the
traditional scientific community is looking
for high levels of certainty,” says Michael
C. MacCracken, head of the U.S. Global
Change Research Program. But the insur-
ance community doesn't usually wait until
it has 20-to-1 odds on something before it
makes a decision, he explains. The indus-
try is used to making decisions based on
more subtle trends—small changes in risk.
“This whole issue of decision-making un-
der uncertainty is a very challenging one
for the scientific community to interface
with,” he says. <«
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The Role of Technology Policies in Limiting Greenhouse Gas Emissions

“Economics studies have found that there are many potential policies to reduce greenhouse gas
emissions for which the total benefits outweigh the total costs. For the United States in particular,
sound economic analysis shows that there are policy options that would slow climate change without
harming American living standards, and these measures may in fact improve U.S. productivity in the
long run.”
- The Economists' Statement on Climate Change, Feb. 13, 1997 (signed by more than
2,400 economists, including eight Nobel Laureates)

A strategy to accelerate the diffusion of existing technologies and the research, development and
deployment of more advanced technologies is a critical component of any U.S. policy to stabilize
greenhouse gas emissions. Any emissions control program — without such a technology strategy
— would result in higher prices for carbon allowances than would otherwise be the case. Analysis
suggests than an accelerated technology effort has a large potential for bringing down this price, and
thus the cost to the economy.

In addition to major studies in the early 1990s’, forthcoming analysis by five leading National
Laboratories finds that a large potential remains for reducing U.S. energy consumption and
greenhouse gas emissions while meeting the full energy needs of U.S. businesses and families. In the
long term, stabilizing concentrations at even twice pre-industrial levels, which will likely still have
severe national and global environmental impact, poses an unprecedented challenge that can only be
met with superior technology brought about by aggressive diffusion and significantly higher levels of
R&D.

Two types of technology provide significant opportunities to reduce greenhouse gas emissions in the
near- to mid-termwhile providing our full energy needs. First, energy-efficient technologies are
currently underutilized in all sectors of the economy. These technologies allow us to do more while
consuming less energy and reducing pollution. Through increased energy efficiency, we can maintain
GDP growth while cutting energy usage and associated greenhouse gas and other air pollution.
Second, a variety of low- and zero-carbon technologies, such as solar, wind and biomass power,
advanced industrial processes and highly efficient fuel cells, are becoming increasingly competitive.
These technologies can supply energy or produce energy services with little or no carbon emissions,
allowing us to further sever the link between GDP and greenhouse gas emissions and other air
pollution. Working together, energy efficiency and low-to-zero carbon technologies provide the
means of sustaining economic growth while meeting medium- and long-term limits on greenhouse
gas emissions. In the longer term, greater technology opportunities exist - including a variety of
advanced low-to-zero carbon technologies and carbon sequestration.

In addition to reducing greenhouse gas emissions, these technologies provide other benefits to the
nation that have long been the basis of national policy, including: achieving major reductions in
criteria air pollutants, decreasing dependence on foreign oil, increasing productivity of domestic

'See National Academy of Sciences, Policy Implications of Greenhouse Warming (1991) and Office
of Technology Assessment, Changing by Degrees: Steps to Reduce Greenhouse Gases (1991).
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industries, and promoting U.S. leadership in the large and growing international market for advanced
technologies. Greater penetration of today's energy-efficient technologies can also enhance
economic productivity through more efficient use of our energy resources. Shifting capital from
energy expenditures to new investments elsewhere in the economy will help drive economic growth,
employment and consumer income.

A clear policy on limiting U.S. greenhouse gas emissions would help to focus attention on energy
consumption and will provide important incentives for the diffusion of existing technologies and the
development of even more advanced technologies. The technological response to past
environmental policies, such as acid rain controls and the ban on CFCs, has been dramatic. In both
cases, the actual cost of control has been substantially less than early projections.

Unfortunately, even with a clearer market signal, the technology response to a greenhouse gas policy
will continue to be restrained. A host of market barriers contribute to today's large energy efficiency
gap — the significant underutilization of existing, cost-effective, energy-efficient technologies. Many
federal programs, many of which were launched in the President's Climate Change Action Plan, are
successfully overcoming market barriers to key energy-efficient technologies through partnerships
with the private sector. These programs need to be fully supported, and additional initiatives need to
be put in place to target the remaining barriers to the use of energy efficiency and low-to-zero carbon
technologies.

Additional barriers lead to systematic under investment in important research and development of
new technologies. To achieve a sustainable emissions pathway through the year 2010 and beyond,
there is an unavoidable need for advances in low-to-zero carbon energy technologies. As global
population and energy demand continue to rise, technological advances provide the key to stabilizing
global concentrations of greenhouse gases at safe levels without jeopardizing our quality of life. In
order to stabilize greenhouse gas concentrations at safe levels, new technologies will have to reduce
emissions by more than a factor of ten during the next few decades and be competitive enough to
achieve deployment throughout the world. This need for major and continual advancements can only
be met through a strong commitment to Federal RD&D.

Existing Technologies Offer Significant Potential to Control Emissions

There is clear evidence that the full potential of existing, profitable technologies is not being realized.
Many of these energy-efficient technologies have relatively small market shares and low rates of
technology diffusion. Their penetration is restrained because of a number of institutional,
organizational, and other barriers that work against the diffusion of existing, energy-efficient
technologies and the development of advanced technologies. Consumers and decision makers in
business are often not aware of the availability of reliable, energy efficient equipment, nor the
significant cost savings this equipment can offer. Even if they are aware, they may lack the
information needed to make important investment decisions, or access to reasonable finance terms.

A number of federal, voluntary programs are currently enhancing markets by overcoming the barriers
to energy efficiency. The Administration's Climate Change Action Plan (CCAP) launched over 40
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initiatives in 1993. Building on other DOE and EPA programs, the CCAP's goal was to return U.S.
greenhouse gas emissions to 1990 levels by the year 2000. Despite large Congressional funding
cuts,” the CCAP programs are successfully overcoming market barriers and are currently expected to
deliver approximately 70% of the emissions reductions originally projected. With continued support
beyond the year 2000, these programs will significantly restrain growth in U.S. greenhouse gases
through 2010 and beyond. Even at current funding levels, Administration projections indicate that
these programs will eliminate 1/4 of total emissions growth through the year 2010, resulting in
annual energy bill savings of approximately $30 billion (in 1995 dollars). A sustained commitment to
these programs beyond the year 2000 is needed to achieve these results, and restored full funding of
CCAP programs will further cut the growth in greenhouse gas emissions. Some examples of CCAP

programs include:

. DOE’s Rebuild America program and EPA’s Green Lights and ENERGY STAR Buildings
programs are demonstrating that many of the barriers to energy efficiency in the commercial
buildings sector can be overcome. By providing valuable information (no subsidies are
provided), these programs have formed over 2500 partnerships to improve energy efficiency
in buildings. Partners can reduce their energy use by up to 40% through technology
investments with annual rates of return of 20-50%. This potential is significant because total
greenhouse gas emissions from energy use in commercial and industrial buildings is equal to
all emissions from U.S. light duty vehicles. Program partners have already invested over $1
billion dollars in energy efficiency improvements, and partners are saving over $280 million
per year on their energy bills.

s EPA and DOE’s ENERGY STAR Consumer Labeling programs are removing barriers that
consumers have faced in purchasing energy-efficient home products, such as heating and
cooling equipment and appliances. The programs have already transformed a number of
markets, including cutting the energy used by computers, monitors, and printers by 50% at
virtually no incremental cost to the customer. Other energy-efficient technologies, such as
heating and cooling equipment, do have higher initial price tags. The programs are providing
important information to consumers through a national education campaign on the highly
profitable opportunities that efficient equipment offers when energy bills are considered.
Manufacturers of home products are partnering with the federal government and labeling
their more efficient products with the Energy Star logo. Through 1996, this program has
seen thousands of products labeled and billions of dollars invested in ENERGY STAR products.
Consumers are savings over $500 million per year on their energy bills.

Because the CCAP’s focus on the year 2000 limited the options that were implemented, a longer
term goal provides significant new opportunities to overcome remaining market barriers and develop
key technologies.

% Total expenditures on CCAP programs in 1997 is $183 million, 40% million below the President's
requested budget of $305 million.
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Research, Development, and Deployment of Clean Technologies

A strategy of continued diffusion of energy efficient and low-carbon technologies and accelerated
development of key new low-carbon technologies during the next decade sets the stage for
development and diffusion of a number of longer term low-to-zero carbon technologies that may
begin to see limited penetration by 2010, but will have substantial impacts after 2010. The
accelerated technology development effort must focus on four strategic thrusts: (1) clean power
generation, (2) energy efficiency, (3) carbon sequestration accompanying a transition to a
hydrogen-based economy, and (4) basic and very advanced research. Responding to the climate
problem may require breakthroughs in all of these areas, and in any case the high-risk nature of R&D
requires the pursuit of multiple pathways. .

Increasing the probability of achieving these desirable outcomes will require expanding the
government's current R&D spending in these areas, which is roughly $1.3 billion per year. Also, the
policies described in the previous section, including partnerships with industry, market pull
deployment initiatives, and improved regulatory processes, will be required to ensure technological
success and accelerated market penetration. The benefits could be enormous. A 1997 study by
Pacific Northwest Laboratory found that developing and deploying advanced technologies over the
next 15 to 30 years could substantially lower the cost to the U.S. and global economy of achieving
major reductions in emissions of greenhouse gases.

Clean Power Generation

Natural gas technologies now set the benchmark for low cost, cleaner power generation. Further
advances in natural gas turbines could yield overall energy conversion efficiencies of 60% or more in
the next decade, double conventional plants. High temperature fuel-cells, such as molten carbonate
and solid oxide, may have significant application in power generation with further R&D, promising
high efficiency and low emissions. Molten carbonate fuel cells could eventually cut greenhouse gas
emissions by as much as 50%. Continued advances in high efficiency coal power plants, such as
integrated gasification combined cycle, could approach 50%, allowing some continued use of
abundant U.S. coal even in a greenhouse gas constrained world while helping the U.S. realize
domestic and global market opportunities for these superior technologies.

While electricity from fossil fuels continue to become cleaner and cheaper, expanded R&D and
deployment could make a number of renewable technologies competitive on purely economic
grounds in the next two decades: wind power, PV, biomass power, solar thermal, and geothermal.
In a greenhouse-gas constrained world, these zero-carbon emitting sources of power would be even
more competitive. Royal/Dutch Shell projects these technologies to be the dominant global source
of energy by the middle of the next century.

Renewable technologies are becoming more economically competitive over time. Both wind and PV
are experiencing a 20% cost reduction for every doubling of cumulative production. Photovoltaic
(PV) cells, which convert sunlight into electricity, have dropped from 90 cents per kilowatt-hour in
1980 to under 20 cents today while wind power has dropped from 25 cents per kWh to 5 cents.
These cost reductions will continue to occur not just because of R&D, such as advances in thin film
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PV, but also through economies of scale and improvements in manufacturing that come with
increased production. A number of different PV technologies are being pursued, providing multiple
opportunities for breakthroughs. Accelerated RD&D for wind could potentially have an impact on
CO, emissions in 2010.

Finally, life extension of nuclear power plants could provide substantial carbon reductions, so
technology R&D to provide safe and economic extension of at least some nuclear plants is a vital
component of the technology strategy.

Energy Efficiency

Technology R&D in transportation is essential because the sector produces one third of U.S. CO,,
and large reductions are unlikely without major regulatory changes or substantial technology
advances. Also, two other major national problems — urban air pollution and dependence on
foreign oil — stem largely from the transportation sector. The current federal strategy is to develop
cars and trucks that are highly fuel-efficient as well as ones that run on fuels other than petroleum,
including natural gas, electricity, and biofuels (ethanol). An aggressive RD&D strategy could result
in significant penetration of much more efficient vehicles and biofuels in the next two decades.

The Partnership for a New Generation of Vehicle (PNGV) with the U.S. auto industry is pursuing
multiple technology pathways for both advanced engines and energy storage. These vehicles could
be commercially available just prior to 2010 and be 3 times more efficient than today's - providing
large potential to reduce greenhouse gas emissions. In the slightly longer term, vehicles powered by
proton exchange membrane (PEM) fuel cells have perhaps the greatest long-term potential for
reducing transportation CO,. To ensure that the R&D leads to commercially viable vehicles, a
number of programs are needed to guarantee that the infrastructure is available to support vehicles
that run on non-traditional fuels.

Federal RD&D into buildings technologies has been remarkably successful. Consider just five
technologies developed or advanced by the national laboratories in the past two decades at a cost of
roughly $40 million — building design software and advanced lighting, windows, oil burners, and
refrigerator compressors. These have provided cumulative net savings of more than $28 billion to
consumers and businesses, exceeding the $8 billion spent on all energy efficiency R&D since 1978.
They now provide 16 million metric tons of annual CO, savings.

Continued RD&D in the buildings sector is likely to prove just as cost-effective. Key near-term
technologies include improvements in lighting, superwindows, advanced design software,
high-efficiency appliances, heat-pump water heaters, gas heat pumps, improved insulation and duct
systems, more efficient cooling including gas cooling. Longer term R&D could result in
electrochromic glazings for windows, building-integrated PV systems, and building fuel cells, all of
which could see some market share before 2010 and make a large impact in the following decade.

The Industries of the Future visions and technology roadmaps identify the best R&D opportunities
for increasing energy efficiency and reducing emissions in the industrial sector while increasing
productivity. These include advanced materials development, separation technology, catalysis,
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bioprocessing, renewable feedstocks, sensors and controls, and industrial cogeneration. All of these
industries hope to dramatically improve their environmental performance while increasing their
competitiveness. The pulp and paper industry, for example, sees the possibility of becoming a
no-net-CO, industry, through a combination of efficient use of energy and biomass cogeneration.

Carbon Sequestration

In addition to the portfolio of R&D options related to less CO, intensive technologies for energy
supply and use, capture and disposal of CO, offers an additional a

Iternative for reducing atmospheric concentrations of CO, If major reductions in CO, emissions are
necessary, and global reliance on fossil fuels continues beyond the middle of the next century, then
some form of CO, sequestration will almost certainly be needed. A long-term R&D strategy would
include demonstration of a number of sequestration options and research into their possible
environmental impacts; converting CO, into an industrial chemical feedstocks; other novel
sequestration options, such as CO, fixation by micro-algae; selectively permeable membranes for
CO, capture; processes for converting fossil fuels and biomass into CO, and hydrogen; development
of hydrogen infrastructure technology, including transportation and storage; and PEM fuel cells.

Basic and Advanced Research

A number of areas of basic research could prove crucial to responding to climate change, including
biotechnology, fermentation microbiology, combustion research, polymer and ceramic science,
process engineering, supercritical CO,, new materials synthesis, and nanotechnology. We need to
better understand the underlying biochemistry of the bioconversion of carbon dioxide to methane or
to other potential fuels and feedstocks. This new research includes the ability to sequence the
genetic material of microorganisms and plants, to develop new molecular genetic engineering
techniques, and to understand biophysical and biochemical pathways of photosynthesis.

New and Expanded Efforts to Accelerate Diffusion and the Development of Clean
Technologies

New initiatives are currently being designed to take advantage of the many areas of opportunity. All
initiatives described are very preliminary.

Residential/C. ia] S

. Split Incentives — An initiative to overcome the unique split incentive barriers of landlord/
tenant and builder/buyer relationships. In these cases, the people who make investment
decisions (i.e., the builder of new buildings, or the landlord) do not pay the energy bills.

. Energy Information — An initiative to empower consumers and businesses by providing
better information is their monthly energy bills, including benchmark comparisons to efficient
homes.

. Advanced Buildings Technology Development -- Accelerated development of a portfolio of
buildings technologies - such as fuel cells in buildings, reflective surfaces and materials, and
advanced windows.

*** PRE-DECISIONAL DRAFT -- Do Not Cite or Quote ***
May 7, 1997



Industrial Sector

0 Acceleration of Industries of the Future -- The Industries of the Future process for the seven
most energy intnsive industries will be accelerated, resulting in successful development of
new technologies sooner. These investments will be targeted on those elements of industry’s
Technology Road Maps which will have the greatest potential to reduce emissions.

. Cogeneration and Biomass Gasification -- The development of advanced industrial turbines
and biomass gasification technologies will be accelerated to provide many industries with not
only inexpensive electricity, but also a means to reduce fossil-based electricity generation.

. Industrial Partnerships -- The federal government will work more aggressively with other
- major industries to achieve significant emissions reductions by 2010.

Transportation

. Accelerated PNGYV lInitiative -- The PNGYV initiative will be expanded to accelerate the
vehicle development and decrease the costs -making these vehicles even more attractive to
consumers.

- Light Truck Diesel R&D -- The light truck diesel R&D initiative will increase light truck fuel
economy by 40% - cutting emissions from the fast-growing sport-utility vehicles, light truck
and minivans market.

. Increased Ethanol Fuel R&D -- Increased ethanol R&D will accelerate commercial
competitiveness of biofuels by supporting greater feedstock work and accelerating
completion of production facilities - bringing ethanol costs down faster than anticipated.

c . C - Q ) ..
. Financing for Energy Efficiency Investments — Programs to improve access to financing for
energy efficiency investments.

. “Set Aside” for Clean and Efficient Technologies — A new U.S. climate change policy
would provide unique opportunities to provide further incentives to improve the penetration
and innovation of energy efficiency and renewable technologies. For example, under a
domestic trading system with a cap on greenhouse gas emissions, a reserve of allowances or a
portion of auction revenues could be set aside to spur new R&D investment and production
and use of energy efficiency and low-to-zero carbon technologies.

° Business Accounting Practices — An initiative to work with businesses to develop new
practices that more accurately reflect energy liabilities.

. Government Procurement — An initiative to harness the combined purchasing power of all
levels of government and provide large markets for efficient and clean technologies. efficient.
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Electric Utility S

. Biomass Co-firing with Coal -- Biomass, particularly waste biomass, has been co-fired with
coal for over 10 years. This initiative will continue technology development to allow greater
fractions of biomass to be co-fired and sponsor technology demonstrations at coal plants and
offer technical assistance to plant operators, suppliers, farmers and others.

. Expanded Renewable Energy Technology Development and Deployment -- This initiative
will expand technology development efforts on key renewable energy technologies such as
photovoltiacs, wind and biomass while aggressively working with power companies, States
and communities to accelerate their use.

. CO, Sequestration and Hydrogen Production -- This initiative would include demonstration
of a number of sequestration options and research into their possible environmental impacts;
converting CO, into an industrial chemical feedstocks; and other other novel sequestration
options - such as converting fossil fuels and biomass into CO, and hydrogen.
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T’endx in U.S. Climate during the Twentieth Century >

The last several decades of weather records for the United States reveal
trends that are consistent with the specific expectations of greenhouse
warming, although even were they to persist, these documented changes
in the American record could not be taken as conclusive evidence for a
global effect.

Amrzrim’s Water Supply: Status and Prospects for the Future 3

Over 1300 gallons of freshwater are withdrawn cach day for each per-
son living in America, counting direct and indirect uses such as irriga-
tion and the production of electric power. Although the U.S. has
seemingly abundant supplies, the infrastructure of storage and deliv-
ery is growing old, while new factors, including the value of water left
in the stream, now weigh heavily in apportioning it.

Pmt and Present Land Use and Land Cover in the USA 24

In 1850, old growth trees still grew on nearly half of America; forest
cover of all kinds reached a low point in about 1920, rising to 31%
today. Cropland now covers some 22% of the conterminous U.S., and
urban development about 4%. Roughly half of our original wetlands
have disappeared. Changes in how the land is used are closely coupled
with other aspects of the environment.
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