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GLOBAL CLIMATE CHANGE RESEARCH
EPRI supports a collaborative research program designed assessments comparing the costs of climate change policy
to help public- and private-sector decisionmakr proposals with the benefits that may be gained from
understand the potential costs and benefits of proosd their implementation; and (3) identify strategies that will
climate change management policies. EPRI researhas reduce the ultimate cost of limiting atmospheric
examines options for greenhouse gas mssos concentrations of greenhouse gases.
reduction, and investigates the potential for catrng
and sequestering carbon emissions. Assessment of the Potential Impacts of Climate Change

The current debate over limiting greenhouse gasThe research draws on the expertise of EPRI stf and emissions is centered around concerns that:
that of leading physical scientists, economists, and uther (1) atmospheric concentrations of CO, and other gases
social scientists throughout the world. Results are m~ade will continue to increase as a result of human activities;
widely available through peer-ireviewed 1 (2) increases in the concentrations of these
literature, technical reports, briefing gaewl lead to changes in key climate
materials, and EPRI's web site, variables such as temperature,

precipitation, and storm frequencyThe value of EPRI's research is and severity; and (3) changes in
highly leveraged through links with climate will have significant
other domestic and international economic effects, as well as effects
research and analysis efforts. This that are not as easily thought of in
allows EPRI to fill critical gaps and monetary terms (e.g., on
serve as a catalyst for investigating ecosystems and human health).
emerging issues of concern. EPRI- However, much remains to be
supported research has proven to be learned about the processes
influential in both domestic ardcntrolling the earth's carbon cycle
international policy deliberations,an and Climate, as well as the responses of
in scientific undertakings such as the huan systems and natural ecosystems.
Intergovernmental Panel on Climate Chan g r
(IPCC) Third Assessment Report and the U.S. Natioa EPRI research helps ensure that key inputs are available'
Assessment, for integrated assessment of the potential costs and

-benefits of climate change management proposals. ByGlobal Climate Change Policy Cost and Benefit identifying and reducing uncertainties with respect toAnalysis the likelihood, scope, and timing of greenhouse gas-
The economic impacts of policies to mitigategba induced climate change and the potential for associated
climate chanige are potentially unprecedented i hi impacts, it helps lay the foundation for rational policy
size and reach, and are likely to affect all sege4o decisions. The research examines both market and non-
global energy producers and consumers. Analyses of the market (health and ecosystem) effects, and explores the
Kyoto Protocol, for instance, suggest that abset role of adaptation in reducing potential climate-related
judicious application of flex'ibility mechanisms,th vulnerabilities.
economic costs of meeting industrialized couhtry
emission reduction targets could be of the orde of Least-Cost Options for Greenhouse Gas Reduction
trillions of dollars. Given the enormous stakes-and the The global climate issue engenders substantial financial
substantial uncertainties associated with dlimate change risk for energy companies. It also creates a variety of
predictions and associated impacts--there is considerable near-tarm needs: to evaluate and choose whether to take
value in providing energy companies and public off 'als voluntary actions and to understand the risks inherent in
with the best possible information and tools upon which possible "early credit" or "'baseline protection" programs;
to base decisions. to understand operational and financial impacts of

possible future regulation; to identify "hedging'
The goals of EPRI research are to: (1) develop objetv strategies that may reduce exposure to future regulation;
information on the costs of greenhouse gas mitigation and to evaluate on- and off-system investments for
and adaptation policies; (2) perform inregrated coping with reduction requirements. All of these



decisions must be considered in the context of other resources valuable for communicating with their

uncertainties that the companies face, including other customers and stakeholders about complex climate

environmental constraints, fuel cost and availability, and ,issues.-
changes in regulatory stmucture.

Carbon Capture and Sequestration

For society, hundreds of billions of dollars are at stake International deliberations over global dlimate change

depending on how climate policies such as the "Kyoto policy are centered on the UN Framework Convention

Mechanisms" may be implemented. General principles on Climate Change (UNFCCC) and its goal of

are yet to be agreed upon for: (I) assigning, credit to stabilizing atmospheric concentrations of carbon dioxide

individual actions either directly between Annex 1 (C02) and other greenhouse gases. Under business-as-

countries (via 'Joint Implementation") or between usual projections, economic growth in both

Annex 1 and non-Annex 1 countries (via the "Clean industrialized and developing countries is expected to

Developm~ent Mechanism"); (2) conductin~g emissions result in considerable increases in CO, emissions, with

trading among Annex 1 countries; and (3) developing fossil fuel-based energy sources accounting for a

projects to enhance carbon sinks, substantial portion of the projected emissions. The
future viability of fossil fuel-based electricity generation

EPRI research performs in-depth economic and will likely depend, at least in part, on development of

methodological analyses of flexibility mechanisms and methods for capture and sequestration of CO, from

other options for reducing or offhetting greenhouse gas power generation facilities.
emissions. The analyses and methods can help funders
assess strategies for responding to the potential risks and EPRI research quantifies the costs and reduction

requirements of proposed global climate change policies, potential of existing options for capturing and

Results of these analyses inform domestic and sequestering CO, emissions. Methods for direct capture

international policy deliberations regarding emissions and sequestration (e.g., at the point of electricity

trading, the Clean Development Mechanism, joint generation), as well as enhancement of carbon "sinks"

Implementation, and related aspects of climate policy (terrestrial or oceanic processes that remove and store

discussions. atmospheric GO) will be evaluated. Supplemental
program opportunities include participtio inoging

Funding organizations help set priorities for the research projects and identification of promising advanced

and have the opportunity to participate in case studies concepts in ,capture, sequestration. and sink

for incorporating climate considerations into current enhancement. This work provides essential analytical

asset management and investment decisions. They also input to international policy deliberations, as well as

receive information and methods to help develop or valuable information for developing least-cost strategies

refine company climate policies, and information for responding to global climate change concerns.
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GLOBAL CLIMATE CHANGE RESEARCH
Policy Cost and Benefit Analysis

Value * Analyze evolving climate policy issues such as
Provides objective estimates of the potential costs and borrowing between budget periods and the effects of
benefits of proposed climate policies for use by public- political and institutional constraints on emissions
and private-sector decision makers at the internahtinal, trading.
domestic, regional and local levels. International Trade and Economic Welfare Implications of

Climate Policy Proposals
Key Results o Analyze implications of decisions in terms of the
* Demonstrated that applying principles of economic competitive impacts on trade in oil, gas, carbon

efficiency (i.e., market mechanisms such as emissions emission rights, and carbon-intensive goods.
trading rather than command-and-control) can lead to Eeg ehooySrtg o drsigGoa lmt
order-of-magnitude reductions in costs while achie E g hnegy echooySrtg o drsigGoa lmt
comparable environmental benefits. a Communicate results and expand the scope of the

* Quantified the potential costs and benefits of the Global Energy Technology Strategy project, which
Kyoto Protocol, highlights the long-term nature of the climate issue

and the critical role of technology development.
• Demonstrated the importance of a multi-gas approach, Costs of Adaptation Options

including sink enhancement, as elements of anthecnmcossadbefsofdpain
economically efficient approach to greenhouse ga Asestraegies. oi ot n enft faatto

mitigation. statgis
* Examined the implications of proposed cli ate Making A Difference

policies on U.S. competitiveness and internatikmal * EPRI staff serve as lead authors for the
trade. Intergovernmental Panel on Climate Change and as

* Provided critical leadership in supporting the members of the U.S. National Assessment of the
development of many of the leading U.S. climate Potential Consequences of Climate Variability and
policy models--Merge (Stanford), EPPA (MtIl Chne
MiniCam and SGM (Battelle), CETA (EPRI), and * Staff of the MIT Joint Program on the Science and
MRT, MRN and the state-level model (CRA). Policy of Global Change, supported in part through

Current Research ~~~~~~EPRI finding, have provided testimony to various
Current Research ~~~~~~~congressional hearings and have been featured experts

Assessment of Costs and Benefits of Climate Ch nge by the national media. The MIT Joint Program is
Makena eestPrpsaryhihl disclusstaions. t oetcan nenoa

•ManagnementPrssalsrfneet so models can be usedi to hoighy dinfluentialons bt.oetcan nentoa
assess the implications of proposed climate change
management policies to reflect the evolving domestic *Drawing on EPRI-sponsored research, Battelle Pacific
and international policy debates. Northwest National Laboratories has provided

othercounties f altrnatie poicy popormodeling, policy insights, and other support for the
•Assess the relative costs and benefits to the U.S. and team representing the United States at UNFCCC

othe coutrie of lterativ polcyapop , meetings. Initial findings of the Global Technology
including those which may arise outside of the Strategy project were presented at COP-6.
UN Framework Convention on Climate Change
(UNFCCC) process. Further Inforrmation

Costs of Greenhouse Gas Emission Reduction Proposals For further information, contact Richard Richels,
*Enhance and support application of state-level climrae (650) 855-2602, rrichels~epri.com.
policy assessment models in the United States.

EPRI 3412 Hiilliewv Avenue. Palo Alto, California 943014 - PO Box 10412, Palo Atto, California 94303 USA
800.313.37.74.- 650.855.2121 -askepri~epri.com, -vwvwvepri.comn
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GLOBAL CLIMATE CHANGE RESEARCH
Assessment of the Potential impact: of Global Climate Change

Value Current Research

Helps lay a scientifically sound foundation for - Assessment of Uncertainty in Climate Change Predictions

policyrnaking by (1) providing key inputs on climafe *Develop and evaluate techniques to "downscale"

change impacts for integrated assessments of policy general circulation model (GCM) outputs to the

proposals, (2) estimating the magnitude of benefits regional and local scales needed in order to perform

potentially associated with measures intended to slow relevant impact analyses.
global warming, and (3) quantifying the relationshi
between greenhouse gas emissions and atmospheric Carbon Cycle Analyses

concentrations. *Develop and apply comprehensive carbon cydle

models to quantify' the link between carbon dioxide

Key Results emissions and atmospheric concentrations. These
models provide critical inputs to climate change

. Organized and led international efforts to address predictions and to the integrated assessment of

key uncertainties in projections of global climate climate change management policy options.
change in the 21" century and to produce highr
resolution regional projections for use in impc Climate Change impacts and Adaptation

assessments.Exlrpoetaclmtchneipcsnmrk-

tile ~based economic sectors as well as non-market sectors
•Changed fundamental viewpoints regarding (human health and ecosystems) in the U.S. and

potential effects of gradual climate change other counrie, with explicit consideration of the

market-sector resources (e.g., agriculture, water, role of adaptation in reducing vulnerabilities.
timber, and coastal structures) in the United States,

demonstrating the importance of includi g Making A Difference

adaptation in the estimation of impacts. * EPRI staff and contractors actively participate in and

•Catalyzed the establishment of a research agenda ncontribute fundamental research results to the
adapttionto cimat chage. elpig brng ~Intergovernmental Panel on Climate Change,, the

importance of this topic to the attention of nationa .. Ntoa seset n te cetfcfr

and international policymakers and research funding *CoewrigrltosisbtenER n o
agencies. loewrigratospsbtenER dtp

scientists and federal agencies assures funders 'a sear

* Initiated a cooperative research program on h~t at the table" in the climate impacts area-

consequences of climate variability and change wt
several federal agencies (NOAA, NSF, NASA, an Further Information

EPA). For further information, contact Larry Williams,
(650) 855-2695, ljwillia@'epri.com.

* Established an international team of carbon cycle
scientists to develop insights into key issues such as
the "missing carbon sink" and the costs of propoe
climate policies.

* Initiated a joint effort with NASA, NSF, DOE,

NOAA, and the USFS to evaluate potential impacts
of climate change on ecosystems and biodiversity.

EPRI 3412 Hilyiew Avenue. Palo Alto. Cifrnia 94304-V PO Btox 10412, Palo Alto, Calilornia 94303 USA

800.3 13.3774 650.8551 12 akptepri.com .wwepricom
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The United Nations Framework Convention
on Climate Change
Environment Division
Global Climate Change Research Area

T eU.N. Framework Convention prevent dangerous anthropogenic * carrying out national programs for
r on Climate Change (UNFCCC) interference with the climate system. mitigating climate change and

was signed by 154 nations at the 'Such a level should be achieved within adapting to its effects
1992 Ro 'Earh Summt.' Folowing a time-frame sufficient to allow ecss * strengthening scientific and techni-

192Raicaion bytEa fitith sum ignatoloryinit tems to adat naturally to climate cal research and systematic observa-
ratfictio bythefifiet sinatryit change, to en~ethat food produc- tio related to the climate system.

entered into force in 1994. This tion is norteand and to enable anprmtgdidelo et
international treaty sets into motion economic to poedin
the most sweeping environmental a sustainal maner, and diffusion of relevant technolo-
policy-making process ever--one that giesn
may extend well into the next Respective olsof Parties to the *promoting education programs and

millennium. Comention ~~~~~~~~~~public awareness about climate

The respective rooles of the Parties to chneadislkyefct
the Convention are described by the Developed countries, as well as a
U.N. Environm -nt Program as fol- number of countries in eastern
lows: Europe and the former Soviet Union

The Convention emphasizes that whose economies are in transition,
developed couintries are mainly - were called upon to "aim' to return
responsible forl historic and current emissions to 1990 levels by the year
emissions and must take the lead in 2000. These countries also accepted a
combating diniate change; that the number of additional commitments,
first priority of developing countries including:
must be their own economnic and * adopting policies designed to limit
social development, and their share of their greenhouse gas emissions and
total global emissions will rise as they toptetadnhcehirgen
industrialize; that stares which are cm touproec gassnd enance thesevirsgren
nomically dependent on coal and oil hos gransfe 'sinks'o ad'eselpncotrvirs'
will face special difficulties if energy *tasern odvlpn onre
demand changes; and that countries financial and technological resources
with fragile ecys temns, such as small above and beyond what is already
island stares abd arid countries, are available through existing develop-
particularly vulnerable to the expected ment assistance, and supporting
impacts of cliifate change. efforts by these countries to fulfill

The ky artde o the onvenion, In becoming Parties to the Conven- their commitments under the Con-
ATice 2,y sarties; fth Covni n, ton, nation stat es accepted a number vention

Article 2, states; of commitment's. These include: -- *helping developing countries that
The ultimate objective of this Con- *submittingfr review informiation are particularly vulnerable to the
vention and any related legal instru- about the qu tiies of greenhouse adverse effects of climate change to
menus that the Conference of the gsstadiemtbysucad etthcosofdpain
Parties may adopt is to achieve, in gaethttcemtbysucnd ettecosofdpain
accordance with the relevant provi- -abuthinaioa'sk'(pce-

sions of the Convention, stabilization es and activit~e that remove green-
of greenhouse gas concentrations in house gases fo the atmosphere,
the atmosphere at a level that would notably foress and oceans)

MAY 1998 CB-I1 10722



Key entities United States agreed to a 7 percent
Conference of the Parties 'Annex I' Countries reduction in net emissions from base
The COP, comprised of countries that Year levels (1990 for CO2 , N2 0 and
have ratified their participation in the Annex I to the UINFCCC contains CH4; 1995 for HFCs, PFCs and SF 6)
UNFCCC, is the Convention's the following list of developed coun- during the period 2008 to 2012,
.Supreme body." Its role is to promote tries and those that are undergoing while the European Union agreed to a
and review implementation of the the transition to a market econony. reduction of 8 percent, Japan agreed
Convention. Meetings of the COP are Australia, Austria, Belarus, Belgium, to a reduction of 6 percent, and other
scheduled to be held annually, and are Bulgaia, Canrada,- Czechoslovakia, Annex I nations made commitments
often referred to with a number indi- Denmark, European Economic Corn- ranging from reductions of 8 percent
cating the sequence (e.g., COP-i' was muiy soiFnad rne e- to increases of 10 percent.

thefirt metig o th Cofernceof many, Greece, Hungary. Iceland, The Kyoto Protocol leaves manythe Parties). Ireland, Italy, lapan, Latvia, lithuania, issues to be addressed at future meet-
Subsidiary Body on Implementation Luxembourg, Netherlands, New ings of the COP and its subsidiary
The SBI assists the COP in the Zealand, Norway, Poland, Portugal, bodies. For more information, see the
assessment and review of the Conven- 4Romania, ]Rnssian Federation, Span - companion Climate Brief, The Kyoto
tion's implementation. Sweden, Switzerland, Turkey, Ukraine, 1~rooco A Summary of Key Issues, GB-
Subsidiary Body for Scientific and United Kingdom of Great Britain and 110723.
Technological Advice Northern Ireland, United States of Rfrne
The SBSTA provides the COP with Aimferica RefeUntedNtos, ii okCneto
information and advice on scientific Ion Climate Change, 1992.
and technological matters relating to
the UNFCCC. commitments to be established at 2. Intergovernmental Panel on Climate
Intergovernmental Panel on Qlimote Change COP-3 in Kyoto, Japan. Change, Climarte Change 1995-The
The IPCG was established in 1988 by The Kyoto meeting resulted in Science of Climate Change, Cambridge
the United Nations Environment Pro- adoption of targets and timetables for University Press, 1996.
gram and the World Meteorological Annex I countries to reduce emissions
Organization. Its mandate is to assess of six greenhouse gases: carbon diox-
the state of existing knowledge about ide (C0 2 ); nitrous oxide (N2 0);
the dlimate system and dlimate methane (CHJ); hydrofluorocarbons

cag;the environmental, economic, (HF~s); perfiuorocarbons (PEGs); and
cange scaimasofcia cai, sulfur hexafluoride (SF4)

and ocil ipacs ofcliatechage; The reduction targets are differenti-
and the possible response strategies. atdmogevlpdcurisTh
The IPCC also advises the COP on atdmogevlpdcnris e
scientific and technical questions. ,A.nthirocpgenic Greenhouse Gas Emissions from Annex I Countries

Ongoing policy negotiations (millions of metric tons CO, equivalent reported for I991 ____

At COP-i, held in Berlin, the initial CO, CH4 NO HFCs PFCs SF,
commitments of Annex I countries Fuel comnbustion 12,639 34----
were deemed inadequate to meet the Fugitive emissions (fuel) 52 749 - .-

Convention's objectives. The resulting Transortation - - 59--
'Berlin Mandate' called on Annex I Other energy - - 69-.-
countriAs to set "quantified emission Industrial processes 338 - 159 49 6 41
limitation and reduction objectives" Livestock - ~ - 620 . -
for the early decades of the twenty- Other agriculture - 39 234---
first century. Waste s0 527 4-.-

Although the Berlin Mandate was
explicit in its call for additional Other 8 1reductions, it did not specify how All soure 13,088 7,7 3 49+ 6 4
large the reductions should be. *gases other than CO, are converted to C0 2 equivalenswing the 1PCC lO0-year global warning potential
Rather, it specified an "analysis and (Ref2. Z p 22)
assessment" phase to help inform the Sa United Ntions, Tables of Inventories of Anthropogendic Emnissions and Remhovals and Projections for
decision-making process. A deadline 200, Second Compiltton and Synthesis of First: National Cornmunications franm Anniex I Parties,
of December 1997 was set for new FCCCICP/1996ll21Add.2 ZlIJuly 1996.

Copies of this Climnate Brief may be obtained by eligible organizations and individuals by © t998 Electhc Poe Research Inrttte (EPPJ), Inc. AN rightscontacting Christopher Gerlach at 650.855.8579 or cgerlach~epritcom. neser~d. Eectnc Power Resarh Instue aM EPM ar registerd
servre narks of the Elect-ic P~vr Research Insitue. Inc.

EPRI. 3412 HilIhnew Avenue, P.O. Box l1ll1. Palo Alto. California 94303 U.S.A
800.31 3.EPRI or 650.855.2000 ww.epri.conn S hnted. non,,erdelpap,, in th Unitd Staeso ̀ Anunc



The Role of Developing Countries in Stabilizing
Atmospheric CO 2 Concentrations
Environment Division
Global Climate Change Research Area

Inernational negotiations aimed at 2
Istabilizing atmospheric carbon diox-
ide (GO 2) levels have focused mainly

on near-term actions in developed 20 U

wo rell becaue:v(1) developing countre Jnne

cutisHoeedvlpncun.owutries need to play a significant role as L~

will account for the major share of

anthropogenic CO2 emissions over the io

next century; (2) developing countries 2

present opportunities for cost-effective F

emission reductions; and (3) exclusion
of developing countries from reduc-
tion requirements will not shield0

them from economic losses. 200 00 2020 2030 2040 2050 2060 2070 28 0020

Developing countries must be part Ya

of the solution Figure I. Projected cabnemissions in the develope 'Anne" r countries (OFCD and EEFSUI-astern

In 1990, countries of the Organiza- Europe and the for 4 Soviet union) and developing. non-Annex I countries (China and the rest of the

tion for Economic Cooperation and world) in the absenceo CO, limitations (Ref. I).

Development (OECD), the former depends on theeecd atmospheric countries. W~ith these emission limits,

Soviet Union, and Central and East- stabilization level the marginal cost of emission reduc-

ern Europe accounted for about two-~ tions in many developing countries

thirds of anthropogenic carbon Cost-effective emission reduction are fir lower than the marginal cost

dioxide emissions. Under the Berlin opportunities eiitin developing of additional reductions in the devel-

Mandate "Annex I" countries are countries oped countries.

called upon to adopt emission con- Through Stanfod University's Energy The results of this analysis are

straints for the early decades of the Modeling Forum, Charles River Asso- shown in Figure 2. Relative to the

twenty-first century. As shown in Fig- ciates (CR4) reetyevaluated the average for Annex I countries, the

ue1, however, developed countries potential gain ao ncluding devel- marginal costs in the developing

cannot deal with climate change oping countre in a stabilization countries included in the analysis are

alone: over the next century, develop- strategy. As an exmlthey consid- substantially lower. Reductions in

ing countries will take on an increas- ered a scenari in whic Annex I China, for example, could be achieved

ingly larger share of carbon emissions, countries must Leer a limit of 80 per- at one-fourth the average cost of

due to population growth and eco- cent of 1990 emfissions by 2005. reductions in Annex I countries.

nomic development. They further assumed that non-

Even if Annex I countries agreed to Annex I countrie would hold emis- Annex I emission limits affect all

eliminate their emissions totaltys devel- sions to no more than 150 percent of countries

oping countries would have to make 1990 levels. Thek looser constraint Excluding developing countries from

substantial reductions in order to sta- acknowledges the fact that per capita near-term emission reduction require-

bilize atmospheric CO2 concentra- emissions are niuch lower in these ments will not shield them from

tions. The extent of reductions

MAY 1998 
CB- 1 10724
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The Need for a Global Energy Tchnology Strategy

Environment Division

Global Climate Change Research Area

The cost of policies to stabilize
Tatmospheric greenhouse gas con-

centrations depends critically upon a
number of factors. These include pop-
ulation and economic growth, the
concentration target chosen, the emis- ., 100
sions path by which the concentration 0
target is achieved, and the availability
of advanced technologies. This Cli- 10
mate Brief explores the influence of Z

energy technology development on thelogy
potential costs of stabilizing atmot ISoh 2

spheric carbon dioxide (GO 2) concen- 2 ~
trations. S dacdtechnology

Figure 1 illustrates the profound 550 650 750

influence that technology development Stay-tt C0 concentration

can have on the ultimate costs of Pny

meeting a stabilization target. The (pv

figure plots the costs of meeting Fgr .The influence of energy tedhmology developmvent on dhe cost of achieving C0 2 sabulitntion-2

atmospheric CO2 targets of 550, 650,

and 750 parts per million by volume assumptions in he IPCC baseline The most costly technology scenario

(ppmv. Thse trgetsare hose fin case. The advanced technology sce- is for stabilization given that energy

illustrative purposes, since neither the nario adopts the most optimistic technology does not progress beyond

UN FraeworkConvenion o Cli- assumptions about the costs and emis- that available in 1990. Absent the

mate Change (FCCC) nor subsequent sion reduction piotential of advanced imposition of emission reduction poli-

deliberations have yet arrived at a technologies fro~m the IPCC Working cies, CO2 emissions would rise from

stabilization target. Each of the scenar- Group II assessmhents. 6 billion metric tons (tonnes) of car-

isin the figure adopts socioeconomic For each technology scenario, the bon per year in 1990 to well over

assumptions such as population and analysis illustad in Figure 1 assumes 50 billion tonnes per year by the end

economic growth from 'IS92a,' the that emission rdcins will be timed of the twenty-first century. In this

central baseline emissions projection to allow the econmic turnover of case, substantial emission reductions

by the Intergovernmental Panel, on manufacturin plnsand eq~uipment, would be needed to meet a concentra-

Climate Change (IPCC)J' and that emsin reductions will dion stabilization target in the range of

Three technology scenarios- 1 99 0 occur wherever in the world they are 550 to 750 ppmv. The resulting cost

technology, IS92a technology, and most cost-effective. It is important to for achieving stabilization is between

advanced technology-are considered note that without this 'where and 9 and 22 trillion U.S. dollars (dis-

in Figure 1. The 1990 path assumes when' flexibility each of the cost bars counted to 1990 at 5 percent per

that no improvements are made in in Figure 1 wudbe considerably year).

energy technologies beyond those higher (see the companion Climate The IS92a scenario assumes consid-

available in 1990. The scenario labeled Brief, The Valu of Where and When erable technological change. -For

'IS92a' corresponds to the technology Flexibility', CB 110725.) instance, it assumes a doubling of

MARCH 1999 
CB-l1 10824



average electric power plant efficiencies GoaEnryTechnology Srtg apin FCCC-stabilization of atmosphericby 2050, and rapid improvements in Sponsors concentrations of greenhouse gases--renewable energy technologies and Battelle Memorial Instituteefienyadefctvl.Iwl bend-use energy intensity. In thsse British Petroleum Company dud n fetvl.I ilbElectric Power Research Institute made broadly available to policy-mak-naria, global CO, emissions are pro- Mobil Corporation ers from industry, government, andjected to increase to approximately National Institute for Environmerital Studies (Japan) other interested parties to provide a20 billion tonnes of carbon per year. .. Dea-meto Energy foundation for the formulation of
Present discounted costs for stabilizing Collaborators ln-emtcnlg oiyatmospheric C0 2 concentrations range Beijing Energy Research Institute logtr Iehooyplcbetwee $300billio and 3.7 trllion Council ori Foreign Relations ' A technology strategy is an essentialbetwen 300billon nd 3.7 rilion Indian Institute for management element in achieving the goal of thefor this scenario, lEA Greenhouse Gas R&D Progam FCCC. By focusing on the design,The advanced technology scenario is intemnational Institute for Applied Systems Analysis management, and oversight of theeven moeoptimistic wail regard to Japan Science & Technology Corporationwol'enrystmsthgalftemore ~~~~~~~~~Korean Energy Economics Institutewol'enrystmthgalftetechnical progress. in this scenario, National Autonomous University of tMe~oco FCCC can ultimately be realized.low- and zero-emission technologies Potsdam Institute for climate Studies Without such a strategy, the prospect

gain marketprominenceat a 6ster Stanford Energy Modeling Forijngaiend markt promienceat t ani father ITa Energy Research Institute for expensive and ineffectual policy
IS92a scenario, reducing emissions at Table I. Global energy technology strategy loslre
a cost between zero and $400 billion. sponsoirs and participants References

Clearly, advanced technologies hold The strategy will be produced with 1. Intergovernmental Panel on Climategreat potential for meeting the assistance of an expert advisory Change, 1992: Climate Change 1992:.atmospheric CO2 stabilization goals at panel representing both public and The Supplementary Report to the IPCCa fraction of the cost of 1990 energy private sector views. The advisors will Scientific Asessmnent, J.T Houghton,technologies. If these technologies are help direct the types of analytical B.A. Callander, and S.K. Varney (edls.),developed and globally deployed in a assessments comprising the project, Cambridge University Press, Cambridge,logical way, substantial greenh~ouse ga including both the technology needs" UK.
emission reductions can be achieved assessment and strategic assessment 2. Edmonds, J., J. Dooley, and M. Wise.without stranding capital, labor, or components (Figure 2). Results of "Atmospheric Stabilization and the Rolenatural resources, these assessments will be used in the' of Energy Technology"' in ClimateFor society to reap these benefits, final phase of the project to articulate ChnePlcRikPoitzinad
howaeve frti essenitial toe developa the strategy. U.S. Economnic Growth. Americanstraegyforexpeitig te avilailiy The technology strategy will pro- Council fir Capital Formation, Centerof low-cost, low-emission advance duce a statement of opportmnities for for Public Policy Research, June 1997.energy technologies, and to provide channeling public and private invest-
amnple time for their introduction into ments to achieve the goal of the
the global energy system.

The Global Energy Technology 1997 1998 1999 2000Strategy Project4
The Global Energy Technology Strat-
egy Project was initiated in 1997 as a a
joint effort between EPRI and Battelle .UE

golo h rjc st eeoPacific Northwest Laboratories. The -
technology strategy that can informfuture decisions in energy and climate
policy. Research is being performed by Figure 2. The energy technology strategy project involves both technology needs assessment (regionala global network of collaborators energy projections, Qarrent R&D trends, and gap analyses) and strategic assessment (invesinent options
(Table 1). and uncertainties, transition issues, and implementation issues).
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The Potential Health Impacts of Climate Variability
and Change for the United States
Science & Technology Development Division
Global Climate Change Research Area

Tn 1990, the U.S. Congress
lestablished the Global Change

Research Program and required that itHeat-Relatd Ill.ese

conduct a national assessment of theanOet
potential impacts of climate variability E , e~ ~

and change. As part of the National RltdHa~ fet

Assessment, a team of authors A u_* <~m~Pr Pito-eae

comprised of experts from scaetor,, Water- and Fod-

government, and the private sco
was selected to review the potential

impacts that projected changes in Vrettr aDi.o..t

climate might have on human health.
This brief provides a synopsis of the
results of their effortts.'

Five categories of health outcomes
were identified as most likely to be
affected by climate change because Figure I. potential health effects of climate variability and climate change. Moderating influences include

they ar soitdwith weather non-climate factors tkat affect climaite-related health outcomnes, such as population growth and dlemo-
are associated ~~~~graphic change. stanhrs of living, access to health car, improvements in health care, and public health

and/or climate variables: (1) tempera- infrastructure. Adatio maures include actions to reduce riskcs of adverse health outcomes, such as

ture-related morbidity and mortality; vaccination prgas dsaesurveillance, monitoring, use of protective technologies (e~g.. air condition-

(2) injuries or deaths related to ing. pesticide. i tr filtration/treaitment), use of climate forecasts and development of weather warning

extreme events such as tornadoes, systeums. emergenc anement and disaster preparedness programis, and public education. Source: pact

hurricanes, floods and droughts; et al (2000).

(3) air-pollution-related health effects; Consider, for example, that both Quantification of the potential

(4) water- and foodborne diseases; and increased frequency of extreme tem- health risks associated with climate

(5) vector- and rodenrborne diseases. peratures and warmer mean global variability and change is made diffi-

Some of these outcomes are direct, temperatures are often projected to cult by a number factors:

while others involve intermediate and occur in a genelally warmer world. *Although methods to project

multiple pathways, making assessment But the health consequences associ- changes in climate continue to

more challenging (Figure 1). The ated with that world are far from improve, climate models are not yet

national assessment authors condluded certain. On the~ one hand, there may able to accurately project regional-

that the levels of uncertainty in the be an increase in extreme-heat-related scale impacts.

underlying scientific literature 'pre- morbidity and mnortality; on the *Basic scientific information on the

clude any definitive statement on the other, a generally warmer climate may sensitivity of human health to many

direction of potential finure change bring about recduced winter deaths. aspects of weather and climate is

for each of these [five] health out- Similarly, rainfl may increase the limited.

comes." As a result, the assessment abundance of some mosquitoes by * The vulnerability of a population to

comprises a qualitative, rather than increasing the numer of their breed- any health risk varies considerably

quantitative, evaluation of risks (see ing sites, but ceive rainfall can depending on moderating factors

Table 1). Indee~d, not only the extent flush these habitats and thus destroy such as population density, level of

but even the direction of some health the mdsquitoes~ in their aquatic larval economic and technological devel-

outcomes are in question, stages. opment, local environmental condi-
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Table 1. Summary of health outcomes potentially associated with climate change and variability. Source: Pamt et al (2000).

Potential health Weather factors of Direction of Eamples of -some Priority research areas
impacts interest' possible change Specific adaptation

Heat-relted illnsses an in health impact srtgeHeat-rltdilnsesn * Extreme heat 4 * Air conditioning * Improved prediction, wrig ndeaths * ~~~~Stagnant air masses * Early warning response
* Urban design and energy systems

____________________ * Exposure assessmentWinter deaths * Extreme cold 4,**Weather relationship to influenza
* Snow and ice and other causes of winter mortality

Extreme weather events- * Precipitation variability 4 *Early warning * Improved prediction, warning, andrelated health effects (heavy rainfall events)' * Engineering response
* Zoning and building *Improved surveillance

codes * Investigation of past impacts and
__________________ ~~~~effectiveness of warningsAir-pollution-related * Temperature 4 *Early warning * Relationship between weather andhealth effects * Stagnant air masses . Mass transit air pollution concentrations

* Urban planning * Combined effects of
* Pollution control temperature/humidity on air

pollution
* Effect of weather on vegetative

Water- and foW -borne ~ ~ ~ ~ ~ ~ _______________ emissions and allergens (e.g., pollen)Water- and food-borne * Precipitation * ~~Surveillance * Improved monitoring ofdiseases *Estuary water *Improved water weather/environment on marine-
temperatures systems engine~ering related diseases

* Land use impacts on water quality
(watershed protection)

* Enhanced monitoring/mapping of
Vector- and rodent-bome ______fate and transport of contaminantsVieco-ands roetbon Temperature * ily ~ 4Surveillance *- Rapid diagnostic testsdiseases *~~~~ Precipitation variablt rv*Vector control *Improved surveillance

* Relative humidity studies * Climate-related disease transmission
____ ____ ____ ___ ____ ____ ____ ___ dynam ics

'Based on projections provided by the National Assessment Synthesis Team. Other scenarios might yield different changes.'Projected change in frequency of hurricanes and tornadoes is unknown.

tions, pre-existing health status, the against adverse health outcomes asso- Executive Summary of the Report of
quality and availability of health ciated with weather and/or climate, the Health Sector of the U.S. National
care, and public health infr-astruc- although certain populations-such as Assessment." Environ Health Perspect
ture. the poor, elderly, children, and 108:367-376 (2000).
Attempts to evaluate the risk of immunocompromised individuals-

health impacts potentially associated may be more vulnerable. Vigilance in
with dlimate change are further corn- the maintenance and improvement of
plicated by uncertainties about what public health systems and their
adaptive measures wvill be taken in the responsiveness to changing dlimate
future. Vaccines, disease surveillance, conditions and to identified vulnera-
protective technologies, the use of ble populations should help to protect
weather forecasts and warning sys- the U.S. population from any adverse
tems, emergency management and health outcomes of dlimate change.
disaster preparedness programs, and
public education all have the potential References
to substantially mitigate health risks. 1. Pact, JA., MA. McGeehin, S.M.
Most of these adaptive response are Bernard, 1(L. Ebi, P.R. Epstein, A.
desirable from a public health per- Gramnbsch, DJ. Gubler, P. Reiter, I.
spective irrespective of climate change. Romieu, , J.B. Rose, J.M. Samnet, and

The authors of the national assess- J. Trtanj. "T'he Potential Health
ment concluded that most of the U.S. Impacts of Climate Variability and
population is presently protected Change for the United States:

Copies of this Climate Brief may be obtained by eligible organizations and individuals by © 2000 Elec~h Power Researc Institue (EPRJ). Inc. All rightscontacting Christopher Gerlach at 650.855.8579 or cgerlach~epri.com. reserved. Electric Powr Research Institute andl EPRI amregstered
servce niahc of the Elecrc Powe Research Insitue, IncEPRI, 3412 Hiliview Avenue. P.O. Box 10412, Palo Alto, California 94303 U.S.A
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Climate Change and Infectious Diseases

Science & Technology Development Division

Global Climate Change Research Area

( b anges in the prevalence and infectious

\..'range of infectious diseases are diseases is

hypothesized to be among the most mainly related

serious health effects potentially to differences

associated with global climate change. in socioeco-

This reasoning primarily stems from nomic status,

the premises that (1) infectious induding

diseases are already widespread in nutrtin

developing countries, and (2) changes sntation,
in temperature or precipitation and health.

patterns could alter the geographic care. From a

regions where conditions are favorable public health

for disease transmission. However, the perspective,

etiology of infectious diseases is a these circum-

complex function of a number of stances sug-

factors, making it difficult to gest that most

generalize about the potential impacts developed ,Anpheles stePhensi. one of the miajor vectors of rnalaria taling a blood mneal

of climae chang. Climae-inducd counties are Through hwman skin. (Photegra~h by Liverpool School of Tiropical Medicine.

changes could be affected by likely to be Liepo.U.CutsofWOTRSM)

ecological, sociological, and less vulnerable to Climate-induced - 300-500 million people and killing

demographic processes which interact changes in the conditions affecting about 1-2 million people, mostly chil-

with each other and which may the prevalence adrange of infectious dren.

themselves be under the influence of diseases, but di~ uc changes could

climate change. This Climate Brief have more serious consequences for Characteristics of infectous dfiseases

outlines the fuindamental issues related human health in developing-countries. Infectious diseases are transmissible

to climate change and infectious ~~~~from one 'host' to another, whether

diseases, with the hope that a more, Major vectorborne caseases the host is a person, another animal

complete understanding of this The world's major vector-borne dis- species, or a plant. These diseases

important issue will be gained, eases are -dengue fever (with approxi- 'result from infections by microscopic

mately 2.5 billion people at risk), organisms, mostly viruses, bacteria

incidlence of infectious diseases malaria (2.4 billion people at risk), and single-celled species. Such organ-

There are substantial differences in lymphatic filariais (1.1 billion people isms may produce deleterious physio-

the incidence of infectious diseases at risk), schistc miasis (600 million logical effects in humans, such as

between developed and developing people at risk), leishmaniasis (350 fever, chills, nausea, diarrhea and, in

countries. Over 40 percent of the million people'h risk) and river certain severe diseases, internal hemor-

population of the developing world blindness (approxmately 123 million rhaging of tissues. Although some

(about 1.7 billion people) is affected people at risk) .IDengue fever is typi- infectious diseases are transmitted

by at least one infectious or parasitic oilly transmitted by Aedes aegypti directly in the air (e~g., meningococcall

disease, as compared to only about mosquitoes and malaria is typically meningitis) or water (e.g., cholera),

2 percent of the population in devel- transmitted by Anopheles mosquitoes. many are transmitted through another

oped countries (about 30 million peo- Malaria is more prevalent and virulent species, or vector. The most common

ple). The wide disparity in rates of than dengue, annually infecting about disease vectors are insects, which bite
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the host to feed on its blood and not as widely distributed and are not as preventing importation of the dis-transmit the disease agent through expected to expand globally, ease. The recent importation of Westtheir salivary glands. Other common Nile virus encephalitis into New Yorkvectors include ticks, mites and Odher factors influencing the illustrates the continued need for vigi-rodents. ~~~~~~Prevalence and range of infectious lance for diseases potentially broughtcliseases in by impo-rted animals or interna-Weather, climate &t infectious diseases The ecology and transmission dynam- tional travelers.Most vector-borne diseases exhibit a ics of vector-borne diseases are corn-distinct seasonal pattern which clearly plex and the factors that influence Adaptation and prevention strategiessuggests that they are weather sensi- transmission are unique to each dis- A high standard of living and well-tive. Rainfall, temperature, and other ease. Although malaria and dengue developed public health infrastructureweather variables affect both the vec- fever once were major causes of illness are central to the current capacity totors and the pathogens they transmit, and death in the United States, they adapt to changing risks of vector-Rainfall may increase the abundance are no longer endemic, probably borne diseases in developed countries.'of some mosquitoes by increasing the because of changes in land use, agri- Maintaining and improving this infra-number of their breeding sites, but cultural methods, residential patterns, structure (indluding surveillance, earlyexcessive rainfall can flush these habi- human behavior, and vector control, warning, prevention and control)tats and destroy the mosquitoes in Changes in ecosystems and sodao- remain a priority. Integration of di-their aquatic larval stage. Dry condi- logic factors play a critical role in the mate, environmental, health, andtions may eliminate the smaller breed- occurrence of vector-borne diseases. socioeconomic data may facilitateing sites, such as ponds and puddles, For instance, malaria outbreaks are impleenting public health preven-but create productive new habitats as associated wit inrae anfl n to lmeaue.Freape alriver flow is diminishetl Thus, epi- some regions but with drought in warning from improved vector anddemics of malaria are associated with others. The regional differences are disease surveillance can help preventrainy periods in some parts of the influenced by which weather condi- local transmission of imparted dis-world and with drought in others. tions create the small pools of stand- eases.A key factor in transmission is the ing water in which Anopheles There remains a daunting challengesurvival rate of the vector. Higher mosquitoes typically breed. Another to successfully develop accurate mod-temperatures may increase or reduce example is replacing forests with rice els of the many interrelated epidemnio-survival rate, depending on the vector, fields, which has lead to malaria out- logic, ecologic and sociologic processesits behavior, ecology, and many other breaks in some regions. which affect the prevalence and spreadfactors. Thus, the probability of trans- Many other factors are important in of infectious diseases, and the effectmission may or may not be increased the transmission of vector-borne dis- of dlimate change on all of these fac-by higher temperatures or altered eases. For example, dengue fever (a - tors. These and other topics areprecipitation patterns. viral disease mainly transmitted by a among the research that EPRI is put-In some cases, specific weather pat- mosquito dlosely associated with suing in conjunction with several U.S.terns over several seasons appear to be human habitation) is greatly influ- agencies including NOAA, NASA,associated with increased transmission enced by house structure, human NSF, and EPA.rates. For example, in the midwestern behavior, and general socioeconomicUnited States, outbreaks of St. Louis conditions. There is a marked differ- Referencesencephalitis, a viral infection of birds ence in the incidence of the disease 1. Patz J.A, MA. McGeehin, S.M.that can also infect and cause disease above and below the United States- Bernard, K.L. Ebi, et al. "The potentialin humnans, appear to be associated Mexico border. In the period 1980- health impacts of climate variabilitywith the sequence of warm wet win- 1996, 43 cases were recorded in Texas and change for the United States:ters, cold springs, and hot dry sum- compared with 50,333 in the three Executive Summary of the Report ofmers. continguous border states in Mexico. the Health Sector of the U.S. NationalCurrent qualitative estimates suggest The tremendous growth in interna- Assessment." Environmental Healthmalaria and dengue fever have the tional travel increases the risk of Ppcie 00183736potential to spread into susceptible, importation of vector-borne diseases, Perspctivhe .. .Hies 2000;108:37-376currently uninfected, populations as some of which can be transmitted 2. Mcoicats AJ.,A. HiaiChngesR Sandfdlblcimate warms. However, these locally under suitable circumstances at S. Kov Halth E. ColmHaltehaganare rough estimates which do not take the right time of year. Key preventive OraitonGev,196into account all factors affecting the measures must be directed at protect- Oraiton ev,196possible spread of these diseases. The ing the increasing number of travelersother major vector-borne diseases are going to disease-endemic areas, as well
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servce mraic of the Eleco Powe Research Instiue, IncFPRI, 3412 Hitiview Avenue, P.O. Box 10412, Palo Alto, California 94303 U.S.A.800.31 3.EPRI or 650.855.2000 ww.eprixcor 
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Costs of the Kyoto Protocol to the United States:

implications of a Multi-Gas Stra~tegy

Science &, Technology Development Division

Global Climate Change Research Area

Tn the Kyoto Protocol, Annex I* 5

[Parties to the U.N. Framework40

Convention on Climate Change j 0 
PC2ol

(UNFCCC) agreed to reduce green-35 - ote s(60

house gas emissions by approximately ~ 30 -C2+ohrC-s(~

5 percent below 1990 levels in the30p

commitment period 2008 to 2 Ol2 J ~ -. 20 
(215

The targeted greenhouse gases include -5( [0 200 
P

carbon dioxide (Ca 2), nitrous oxide 
(176- P

(N 2 0), methane (CH4), hydrofluoro- D S 
16

carbons (HF Cs), perfluorocarbons in100

(PFCs), and sulfur hexafluoride (SF). 
RRIRo

The Protocol also envisions thatI

Annex B countriest would be able to 0 K 0 D 0 0 0 0 0 0

meet a portion of their emission reduc-10 20 30 40 50 60 70 80

dion obligations through enhanceme nt Emissions reduction

of 'carbon sinks'-e.g., reforestation or (megatons carbon equivalent)

other activities that increase the uptakeI

of atmospheric carbon dioxide. Figure I. Marginal abatement curves for C02-cnly abatement (top) and multi-gas abatement (bottom) jin

The expansion of abatement options the United State (Ref. 2).

beyond CO2 msin reduction has

two mpotantimpicatonsforAnnex required; and (2 it makes available icy of Global Change. The MIT results

B contris: 1) i deinestheamount more opprturiue for countries to were originally published in Nature' in

of carbon-equivlet abatement that is meet teratmntgoals, which may 1999. and were updated in April

result ilesoealct.20002.

*Annex I to the UNFCCC is a list of developed :The 
main features introduced by a

countries and those in transition to market COst ofmligsabatement multi-gas control scheme are illustrated

economies. In general, Annexc I countries are strategles[ in Figure 1. The two marginal abate-

subject to more substantial obligations under the Utlrctlmodels for conducting ment cost curves for the United States

Convention than are non-Annex I COtuntrtes., analysso thee iss of climate change reflect the common-sense idea that

INote that the Protocol will enter int force policy une nligsipeet- small reductions -are relatively inexpent-

only after it has been ratified by at least tinwrno vial.Rcn rsac ie u htcssgow progressively

Annx countries. toun reprsent 55ient ntufmotl posoe in pat by EPRI has larger as the total amount of reduction

Annex I CO2 emissions in 1990. As of October dda icdte state-of-the-art so that the increases. The last (or marginal) ton of

2000. 186 countries were parties to the UNrCCC. other greenhouse gases indluded in the abatement is always the most expen-

84 had signed the Kyoto Protocol, and Kyoto Protocol can now be indclued in sive.

30 courntries-none of which were AnnexI policy analyses. This Climate Brief sum- The top curve in Figure 1 shows the

countries--had ratified the Protocol. marizes the results of such an analysis estimated costs of meeting targets with

t The terms 'Annex I' and conie.Annex B ee o o h United States. The analysis was C0 2 -conly reductions. The bottom,

essentially the smie group of conucedbyreeachrsatth Msn-nuli-ascuveshows that a particular

to the Kyoto Protocol contains the spectliccodcebyrsahrst 
eMsa- mdgscuv

emission limitation or reduction comnuitrnents each chusetts Institute of Technology (MIT) target can be achieved at a lower cost

Annex I Party is assigned under the Protocol. joint Program on the Science and Pol- given an expanded list of abatement
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options. However, since the multi-gas
carbon-equivalent target imposed by 90
Kyoro is larger than the C0 2 -only
level, a more detailed analysis is needed 80
to understand the net effect of the ~'70
economic tradeofli introduced by 60
multi-gas policies. This can be most 8 so,easily seen by looking at the following 7 4
three cases: c 4
* Case /: C02 target and control. The =0 30

target level of emissions and the 20
required reductions focus only on 10
CO2 reductions from fossil fuel
emissions.

* Case 2: Miultigas targel; C02-only control. Case I: C02 target Case 2: Multi-gas Case 3: Multi-gasTotal emissions for the six green- and control target, C02-only target and controlhouse gases specified in the Kyoto control
Protocol are used to set an emissions
target. Global warming potentials--a Rgure 2. U.S. greenhouse gas abatement cost in 2010 for three illustrative poicy aloteraie (Ref. 2).measure of the relative strength of
each greenhouse gas-are used to Case 3 shows the beniefits of expand- It should be noted that the resultscalculate a multi-gas target expressed ing the abatement options to include presented in Figure 2 for the Unitedin termns of carbon equivalents. How- the other gases and carbon sink States do not necessarily hold for otherever, only CO2 reductions from fos- enhancements. Doing so drops the countries. Countries with high growthsil feld abatement actions are used to marginal cost to $176/ton (P3, the in non-CO 2 greenhouse gas emissionsmeet the multi-gas target. intersection of RR.2 and the multi-gas between 1990 and 2010 and relatively*Case 3: MulrJ-gas target and control. abatement curve) and reduces the few abatement options will probably beMulti-gas emissions developed as in annual cost to $43 billion, worse off under a multi-gas policy.Case 2 are used as the target, but These results demonstrate the poten- Those with low growth in non-CO2abatement actions for all six gases as tial fo~r multi-gas targets--if emissions and larger abatement andwell as enhancements of carbon sinks implemented b means of multi-gas sink options will be better off. Globalare available as possible control controls and sink enhancemnents---to analyses conducted by MIT show thatoptions. significandly reduce the costs of green- for Annex B as a whole, the annual

Under Case 1, the CO2 reduction house gas emissions reduction policies, cost of achieving the Kyoto target istagtfor the United States amounts to In the analysis described here, adoption reduced 22 percent by adopting atarge intosofcroneuiaet of a strategy that includes abatement of multi-gas control strategy.e45m i ions T ons ofducarbon -requivalent , m l p e ga s an th in uio of i krpemssins.thied uctRIion Fgrequirmntr multiplegases (and 3)rdue the incluioneocsin
rersentsted b0-ny marginaFigure menter enannulcmetso (ashevi3) .S reduces nsthe RteilyJr.ences. amsJ

cure a PI imlyig amarina abte-reductions called for in the Kyoto Pro- Fitzmaurice, H. Jacoby, D. Kicklighter,curve aot P1, implying ah marninal aae tocol by nearly 30 percent compared to J. Melillo, P. Stone, A. Sokolov, and C.
cost of meeting the Case 1 tage is a C02 -only strategy (Case 1). Wang. aMulti-Gas Assessment of thecalculated as the area under the C02r While a multi-gas target and control Kyoto protocol." Nature, 40:549-555,only curve up to RR1, or $61 billion strategy has the potential to substan- 1999.(annual costs are plotted in Figure 2). tially reduce costs, the potential failure, 2. "Multi-Gas Strategies and the Cost ofThe multi-gas required reduction to develop institutions that granttarget, RR2, increases to 724 megatons proper credits for non-CO 2 abatement Kyoto." Climate Policy Note, Issueof cabon-euivaent eissins. Cse 2 actions is a serious risk- If Annex B 4J-3. Massachusetts Institute ofabatement actions are limited toCO countries defaulted to using a C0 2 - Tcenchn&olog y Join Program onthe,only, so the top abatement curve is still onlye control (Cstae unde a.S multi-gas Scrienc &2 olc0o0loalCaeused, revealing a marginal cost P2 of tre eie(ae2,US opi pi 00$360/ton, and a correspondiing annual ance costs would be 40 percent higher
cost of $86 billion. than a C0 2 -only target and control

regime (Case 1).
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Abrupt Climate Change-The Ev~idence from Ice Cores

Science & Technology Development Division

Global Climate Change Research Area

Jfost global climate change analy- Central Greenland Temperature

lvises have focused on scenarios of Year before present

gradual change, as might occur given - 20,000 18.000 16,000 14.00 12,000 10.000 8,000 6.000 4.000 2,000 0

a linear response of climate to the -20

progressive buildup of greenhouse
gases in the atmosphere. The 1995

Intergovermlental Panel on Climate 3

Change (IPCC) Second Assessment

Report, for example. projects that the ~
annual global mean surface air tern- 9

perature will rise by 1-30C over the 4

next century under its baseline sce-

nario of greenhouse gas emissions. 1

However, a newly recognized phe- -50

nomenon--often referred to as

"abrupt climate change," or as a cli-

mate 'surprise'"-is receiving increas-

ing attention. Ice cores from

Greenland reveal that in the past, Figue I. Centrl Grenland teweratre histrysicthlatceae

Earth experienced temperature swings The Greenlan core record climate (Figure 1). Temperatures in

much larger than those projected by From 1989 to 1~994, scientists from Greenland varied by only about ±20 C

the IPCC, and that these changes the United Status and Europe under- around the average during this time.

occurred over periods as short as a took a series -of ~tudies to develop an Until very recently, conventional

few years to a few decades. extensive paleoclimate record for the wisdom held that the entire interval

Because plants, animals, and Northern Hemisphere. These efforts, since the end of the last ice age lead-

humans would have little time to termed the Greenland Ice Core Pro- ing up to the Holocene epoch had

adjust, abrupt climate change could ject (GRIP) and the Greenland Ice been relatively stable, with none of

have far greater impact than gradual Sheet Project Two (GISP2), acquired the large climate shifts that character-

change. What, then, does the historic ice cores from Central Greenland ized historic ice ages. However, the

record tell us about how rapidly cli- extending as mu~ch as 3,000 meters Greenland ice cores show that a series

mate has changed in the past? How down to bedrock Like the rings of abrupt climate changes took place

much change has occurred during revealing a treels'age, layers in an ice during this interval. After Greenland

abrupt shifts? What are some of the core allow dating of the materials had warmed to near present-day con-

causes of abrupt climate shifts, and present. Through physical and chemi- ditions; (around 14,000 years agd), -

how do these abrupt changes evolve cal analyses, paleodimatologists have surface temperatures fell precipitously

once set in motion? This Climate reconstni cted histories of temperature in a series of abrupt drops. During

Brief explores the evidence recorded and other environmental conditions of this event, known as the "Younger

in ice cores, as presented at an EPRI the past 100.060 years. The Green- Dryas,' temperature changes on the

seminar by Dr. Richard Alley, profes- land ice cores show that the last order of 30C occurred in as little as a

sot of Geosciences at Pennsylvania 10,000 years, an interval known as decade. The Younger Dryas period

Stare Uiest. the Holocene e[Poch, was a time of was followed by an even more abrupt

University2 ~~~~unusually consjstent, and temperate, warming which saw central Greenland
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temperatures rise by 5-10 0C in less Central Greenland Temperaturethan a decade.3
Years before presentThroughout the last ice age (which 100 80,000 60.000 40.000 20.000occurred during the period approxi- -20

mately 20,000 to 80,000 years before
present), the Earth's climate was even
more erratic, swinging dramatically :30
between high temperatures and low
temperatures (Figure 2).

The paleoclimate record derivedU
from ice cores clearly shows that w0-40
abrupt changes in global dlimate have E
occurred in the past. Evidence from
ocean sediments collected off the -so
coasts of Africa and California sug-
gests that the abrupt changes founnd
in Greenland were not isolated local
events, but part of a larger system of 6climate changes occurring over many Figure 2. Central Greenland ternperature historydthroughout the last i 00.000 years)___parts of the globeA4 The pattern of
the changes suggests that the Earth's Atlantic Ocean may play an especially Pfterencesdlimate system has several distinct important role in bringing about i - Intergovernmental Panel on Climatemodes of operation, and that it can abrupt climate change. The deep Change. 1996. Climate Change 1995:.jump between these modes in a mat- water convection, which "pulls" the The Science of Climate Change_ter of a decade or two. warm Gulf water northward, could be Summeary for I-oligmakerr and Technicalslowed or stopped if the surface water Sumimary of the Working Group IWhat causes abrupt cdnimae dhange? salt content becomes sufficiently Report. Bracknell: IPCC/WMO/UNEP,Researchers believe that abrupt di- diluted by excessive rain, snow/ice UK Meteorological office.mate changes may occur when "The melt, or large changes in river runoffGreat Ocean Conveyor Belt" is per- into the North Atlantic Ocean near 2. Alley, R.B. 1998. Abrupt Climaeturbed. This complex of globally the North Atlantic Deep Water con- Change. Presented at the Third Annualinterconnected ocean currents governs vection zones near Greenland. EPRI Global Climate Change Researchglobal climate by transporting heat Recent studies suggest that the last Seminar, Washington, DC (May).and moisture around the planet, In large and abrupt climate change inthe Atlantic Ocean, surface water Greenland-which occurred about 3. Cufley, K.M. and G.D. Glow. 1997.flows northward in the Gulf Stream 8,000 years ago-was initiated by the "Temperature, Accumulation, and Icefrom the Gulf of Mexico and natural breakup of a large ice dam in Sheet Elevation in Central GreeniandCaribbean Sea. Evaporative cooling of Canada, which sent a huge pulse of through the Last Deglacial Transition."the warm surface water in the north- freshwater into the Labrador Sea, Journal of Geophysical Researchern latitudes makes the Water saltier shiutting down the deep convection i102:26383-26396.and more dense, and this denser zone there.5 ,water tends to sink in two concen- With such evidence of naturally 4. Alley, R-B. and PB. deMeno~l. 1998.trated "convection zones" near Green- induced abrupt climate changes, scien- Abrupt Climiate Changes Revisited- IHowland. The denser water forms a return tists and policymnakers are now asking 'Serious and' How Likely? U.S. Globalcurrent below the ocean surface that whether the buildup of greenhouse Change Research Program Seminarflows south. toward Antarctica, corn- gases in the atmosphere-rand hence Series, Washington, DC (Febmruay).pleting the pathway of the Conveyor the radiative forcing of the dlim'ateBelt. The warm Gulf current plays a system-might dlso induce rapid di- 5. N. W. Driscoll and G. H. Hang. 1998.critical role in moderating the climate mate change. This topic was the sub- "A Short Circuit in Thernmohalineof Europe, which is on average 6-80 C ject of a 1998 JPCC workshop and a Circulation: A Cause for Northernwarmer than the same latitudes in related workshop held in 1999 by the Hemisphere Glaciation?" ScienceNorth America. EPRI-sponsored ACACIA project, and 282:436-438 (October 16).Changes in the rate at which fresh will be addressed in the IPCC's forth-water is delivered to the North coming Third Assessment Report.
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climate br~S2

The Kyoto Protocol in the Context of the Long-Term Goals

of the UN Framework Convention on Climate Change

Environment Division

Global Climate Change Research Area

'rhe ultimate objective of the United 25

IT Nations Framework Convention O oi

on Climate Change is "the stabilization U Mexico. OPEC

of greenhos gas concentrations at a

level that would prevent dangerou a omr oit no
anthropogenic interference with thea E uoefrrerSvtUnn

climate system. in drafting the Kyoto, N JaCanaaAsttNeZead

Protocol, however, negotiators fo~cused E Western Eui-p

exclusively on the immediate steps to 0 .n2 1 * USA
be taken by AnnexlIcountries
(developed nations plus those with

economies in transition). Little 5

emphasis was given to how the Kyoto

Protocol relates to achieving the

objective of the Convention, a
Alan Mrine f Staford Uiversty219 0 2 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

and Richard Richels of EPRI haveI

examined the Kyoto Protocol in the Figure I. Regional carbon emissions undcer business as usual. -

context of a long-term carbon dioxide cnrto agtL eahee eutos cnro h td sue

(CCO.) stabilization objective. This cthaantrgtcnb cheeeutions"x sceunario, thedsudy amssue

Climate Brief summarizes some key through a variety of emission path- thtAnxIcu esrdeca-

findingsof thei recentstudy.'ways. The itudy ~xplored three path- sions through 2030 at the same rate as

findigs o thei recnt stdy.'ways for stabilizing concentrations at developed countrie s (2 percent per

Global carbon emissions under 550 ppmv (twice pre-industrial levels) year) during the first decade of the

business as ualby 2100.* These~ Ithree scenarios are twenty-first century. During this

The nalsis escibedher is ase on intended to illustrate the benefits -of period, non-Annex I countries are per-

ThERE anlisndesribedhere ismasked on when" flexibility4. They are tided: mitted to follow their business-as-usual

MEqiRGE, an de intrtempoalutn maret (1) "Kyoto follo~v'ed by arbitrary reduc- emissions pathways. After 2030, the

equilirium odel fir ealuatng th dons" (2)"Kyot followed by least- study used a global emission reduction

regional and global effects of green- tos"()-yt

house gas reduction policies. Projec- cost;" and (3) "least-cost." As their pathway representing a relatively

dions of future carbon emissions for names imply,th first two are designed smooth transition to the concentration

each f MEGE's ine egion are to be consistent wt the Protocol duf stabilization target. Post-2 030 emission

shown in Figure 1. It is clear that the ing the first con itment period. The reductions were allocated on a per

Kyot Prtocl aonewill fail to stbi third assumes acla slate in the capita basis (see Ref. 1 for details).

lize global emissions, much less con- nhoipathwayss through- Figure 2 shows global carbon emis-

centrations. Without developing out the twenty-~ls century. sions for the reference case and the

country participation, global carbon For the "Kyoto followed by arbitrary three stabilization scenarios. Following

t -_____h__ 
a least-cost strategy from the outset

emissions will continue to grow. *l huld be VStrse that dhe issue of what -
constitutes "dangeoi Interference" is yet to be results in an emissions pathway that

Stabilizing concentrationscdetermine.Ided. It is likely to be rthe subject o tracks the reference path through 2010

Whatlthen, wouldcetrequired tOnten- e Hcence d political debate for decades -and then departs at an increasing rate

What, hen, wuld berequird to sa- to orn~ H choice of a 550 pprfl target thereafter.

bilize concentrations? A particular con- here is mweant to be purely ilustrative.
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There are several reasons why a
gradual transition to a less carbon- 25 refeec
intensive economy is preferable to one U-least-cost
involving sharper near-term reductions. 20 Kyoto followed by least-costAtmospheric CO, concentrations at a -4-- Kyoto followed by arbitrary reductionsgiven point in time are determined .
more by cumulative, rather th~an year-15
by-year, emissions. Indeed, a concen-a
tration target defines an approximate MO Io1
carbon budget (i.e., an amount of-
carbon that can be emitted between U
now and the date at which the target
is to be reached). At issue is the opti-
mal allocation of the budget. Reasons 0for relying more heavily on the budget 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100in the early years include: (1) provid-
ing more time for the economic . Figure 2. Global carbon emissions--reference case and three alternative emission pathways for stbilimigturnover of existing plant and equip- concentrations at 550 ppmv.
ment; (2) providing more time todevelop low-cost substitutes for cr at $890 billion, and the "least-cost" that a more sensible strategy would bebon-intensive technologies; (3) provid- strategy at $640 billion (Figure 3). to make the transition gradually,ing more time to remove carbon from What is surprising is that 'Kyoto allowing for economic turnover ofthe atmosphere via the carbon cycle; Forever" turns out to cost the global capital stocks. This would eliminateand (4) the effect of time discounting economy around $1 trillion by 2100, the need for premature retirement ofon mitigation costs, or more than a policy of "Kyoto fol- existing plant and equipment andFor the scenarioswhr the Protocol lowed by least cost" or "least cost" would provide the time that is neededwas adopted for the first commitment actions from the outset. Furthermore, to develop low-cost, low-carbon sub-period, the two emission pathways "Kyoto Forever" may produce sharp stitures.behave quite differently post-2010. Annlex I emission reductions, but this"Kyoto followed by least-cost" follows strategy does not stabilize global emis- Referencesthe least-cost pathway once the Proro- sions, much less concentrations. By 1. Alan S. Marine and Richard G.col's constraints are relaxed. "Kyoro contrast, the other scenarios all lead to Richels. "The Kyoto Protocol: A Cost-followed by arbitrary reductions," on stabilization at 550 ppmv. In short, Effective Strategy for Meeingthe other hand, bears no resemblance "Kyoto Forever" costs more and buys Environmental Objectives?"to the least-cost pathway. What is less long-tarm protection. Forthcoming in The' Energy jJorastriking about Figure 2 is that with a In summary, rather than requiring550 ppmv target, the Protocol is sharp near-term reductions, it appears

inconsistent with the "least-cost" miti-
gation pathway. Indeed, it appears
that the ultimate target would have~ 4,0o
be considerably lower than 550 ppmv
for the Protocol to be justified in 3,000
terms of cost-effectiveness.

Global economic losses Z~~~~~~~0 0
0'

It is instructive to compare these three2
scenarios with a "Kyoto Forever" sce- 02
nario. For the latter, it is assumed that M ,0
the Kyoto constraints are maintained
throughout the twenty-first century. 0The smudy estimates the global loss of Kyoto forever Kyoto followed by Kyoto followed by least-cost"Kyoto followed by arbitrary reduc- abtay latcstions" at $2.4 trillion through 2100 aredcitrrynasscs
(discounted to 1990 at 5 percent), Figure 3. Global consumption losses through 2100 discounted to 1990 at 5 percent-'Kyoto followed by least-cost" actions 'Kyoto Forever" vs. three scenarios for stabilizing concen.trations at 550 ppmv.
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The Economic Costs of the Kyoto Pooo

Environment Division

Global Climate Change Research Area

mhe Kyoto Protocol to the United 250021

IT Nations Framework Convention 
U21

on Climate Change represents the first 20 
2020

rime that negotiators have adopted

binding greenhouse gas emission reuc 0s

dion targets and timetables. The Promo- EM

co's stated goalis for Annex I..I 100

countries (developed nations plus those a.

with economies in transition) to reduce eq s

their aggregate andircopogenic carbon

dioxide (C0 2) equivalent emissions by

approximately 5 percent below 1990

levels in the first commitment peniod, No international Annex I trading plus Full global trading

2008-2012. However, the Protocol will trading CDM

not enter into force until ratified by atI

least 55 countries, including a sufficient Figure 1. Incremal value of carbon emission rights in the United States undler alterative scenarios

number of Annex I countries to repre- for impeiemenaton of the Kyoto Protocol.

sent 55 percent of total Annex I CO 2 The costs of Kyoto to the U.S. trading; (2) Annex I trading plus

emissions in 1990. Numerous studies' have shown that CDM; and (3) full global trading.

As eachcountrvconside ser.fia global mitigation costs can be . reduced These three options are representative

tion, important questions will arise sbtnilyy9ownemsons of alternatv im'plementations of the

High n thelist s theissueof - reductions to take place wherever it is Kyoto Protocol. The fulil global trad-

nomic costs. The U.S. Senate, for ceps od o eadeso c- igseai lcsa pe on

example, has stated that any Protocol chaetttdiaearlslfge- igsenropae an uperdbund

submtte fo it raifiatin soul be graphical location. The Kyoto Protocol on the CDM's potentatordc

submtte fo it raifiatin soul be includes several pirovisions allowing for economic losses; the analysis assumed

accompanied by a detailed financial a iie iount of "wee lxbL ht1 ecn of the potential reduc-

analyis o impcts n th ecoomy. ity. These include emission trading tions from fulil global trading would

Not surprisingly, U.S. negotiators hadmtipeettoamnberlidthugtisecns.
hardly returned from Kyoto before the and jontipeettoam gberlzd hohtisecns.

scheduled on Annax I countries, as well as a Clean Figure 1 reports the incremental

first hearings were sceue nCapi- Development Mechanism (CDM) value of carbon emission rights to the

tol Hill. Although the issue of costs 15 intended to facilitate joint implemen- Unites Stares in 2010 and 2020. In

but one of many important conSidera- ration between Annex I and non- the most constrained scenario (no

tions, policy makers are keenly inter- Annex I countries. The Protocol, trading), the United States must sat-

ested in the economic implications of however, leaves Aiany critical derails isfy its emission reduction require-

ratification, unresolved. For example, it remains ments within its own boundaries. In

This Climate Brief summarizes a unclear whether1 there will be limits on this case, the value of emission rights

recent EPRI-sponsored study that the extent to which a country can rely ~approaches $240 per ton in 2010.

examined the potential economic costs upon the purchase of emission rights With Annax 1 trading plus CDM, the

of the Kyoro Protocol. The smudy was to satisfy' its obligations. value drops to slightly less than

conducted by Alan Manine of Stanford The Manne-Richels study explored $100 per ton in 2010. As might be

University and Richard Richels of three scenarios: (1) no international expected, the value of emission rights

EPRI.1
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is lowest with fu~ll global trading. 120falling to $70 per ton in 2010.32 
0For the two scenarios in which 0021trading is permitted, the value of' 1002020

emission rights increases from 2010 to
2020. This is because baseline emis- 8sions for several countries with M 6economies in transition initially lie 6
below their negotiated constraint.
These countries have been allocae 40
more emission rights than needed to
satisfy their internal obligations. By 20
2020, however, economic growth is
expected to be such that these coun-tries no longer enjoy an excess of No international Annex I trading plus Full global tradingemission rights. As a result, there is trading CDMmore competition for emission rights
in the international marketplace, and Fgr .Ana .. GPlse ne lentv cnro o mlmna~no h yt rtclthere is an increase in their price. Figr2.AnaU&GPlseuneateatvscarofoimeettonfth 

yoPotolAnother way to view the costs ofabatement is to show losses in terms trading is used to satisfy' more than rights is a necessary, but by no meansof gross domestic product (GDP). 50 percent of the U.S. obligation, sufficient, condition for reaping theFigure 2 displays the results of the To explore the effect of limits on fulil benefits of "where" flexibility. Toanalsis or te Unted tate. Loses the purchase of emission rights, the achieve a cost-effective solution, buy-arelyhighst inr the absnted oftradingose study examined a scenario where ers and sellers must also be uncon-are ighst n th abenc of radng, Annex I buyers can satisfyr only one- strained in the amount they can tradeapproaching $90 billion in 2010. This third of their obligation in this man- on the international market.is approximately bne percent of U.S. ner. Results for this scenario indicateGDP. To the extent that trade isintroduced, losses decline. Underth that losses in 2010 could be as much Referencesmost optimistic option (full globale as two and one-half to three times 1L Alan S. Marine and Richard G.a] higher with such a constraint. That is, Richels. "The Kyroto Protocol: A Cost,trading), losses are approximately the benefits from "where" flexibility Effective Strategy for Meeting$20 billion (about one-quarter of onepercent of GDP in 2010). are greatly dimninished. The message is Environmental Objectives?"Of te treeoptons,'Anex trd clear: developing country participation Forthcoming in The Enero JournaLing plus CDM" is~ most consistent intemrtfocabnmsin
with the Kyoto Protocol as it
currently stands. There is, however, 70% 21
strong sentiment among many parties 6% E22to the Framework Convention to sub-60 32 0stantially limit the extent to which 50%
Annax I countries can meet their obli-
gation through the purchase of emis- 40%
sion rights. Indeed, several influential
developing countries have expressed 30%
strong opposition to the general con-
cept of trading altogether. I 20%

Figure 3 displays estimates of the
percentage of the U.S. emission reduc- 10%
tion obligation that would be satisfied 0%
through the purchase of emission,rights in the absence of limits on No international Annex I trading plus Full global tradingtrading. With full global trading (the trding CDMleast costly of the three scenarios), Figure 3. Percent of U.s. emission reduction obligation satisfied through the purchase of emission rightsunder alternativ "where" flexibility.
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Trends in U.S. Extreme Weather Impacts

Environment Division

Global Climate Change Research Area

t ~~he perception that global climate 4

IT change is causing increased 4

damages from extreme weather seems 30

to grow with every passing storm. For F

example, over the last several years - 2

many in the policy community,
insurance industryn and the media 8 10

00I
have attributed increased hurricane =

damages to global climate change. a 0 0I nCI noI n0Il0I n0I

Hoeesuch conclusions are highly -'a ' a -' -' -' -' -' -' ---0 -' -' -' - -

questionable, as they do not account Year

for all relevant factors.

Dr. Roger A. Pielke, Jr. of the igr .stmedaaesrelated thurcnsiteUiedSae.1019.ajusted for inflation

National Center for Atmospheric uigtempctpredeaorfor the gross national product. as reported in the Economic Report of

Research recently performed analyses thecreasidnt i frequnyad eeiy got2adi)eae elt.Wt

of extreme weather impacts in the incevreain loinfr atudn magan sloevei gothe and corionstease wealh. Wifenth

United States. Pielke's research con- Hoeeloin9tdmgs ln hs oretos 0mc ifrn

firms that economic losses associated ignores the fact that the U.S. coastal picture emerges (Figure 2). The190

withextrme wathe evets (~e., population has drown substantially and 1 960s experienced the most fire-

hurricanes, floods, and tornadoes) over the same period, affecting both quent large impacs ossetwt

have ncreaed i recet decdes.the amount and' value of property in the historical record of intense hurri-

However, he concludes that this trend vulnerable areas.~cn rqece.Pek n ade

primarily reflects demographic To account for these demographic conclude that population growth and

chanes, athe tha chages n the changes, Pielke a.nd Christopher development in vulnerable coastal

franequnc oahr iteansiyo extreme Landsea. of the National Oceanic and locations are the primary factors

fevuents. o Pienkeanalsisy ofoudn ext i-m Atmospheric Administrationds Hurri- responsible for increased hurricane

dveneto. support theahypohsis thatnoe~ cane Research 1laboratory normalized damages, not more frequent or more

iencrse in stporm-elthed lyosses tare past hurricane damages for population intense storms.

attributable to changes in climate.

Instead, the strongest signal present in -

the historical record is that of ' 0 1 7. ilo

increased societal vulnerability. His *D 0 126$44iilo

evaluation, described in a recent EPRI ~ ~ 2

report (Ref. 1), is summarized in this .

Climate Brief. 2 1

Hurricanes Z

FigurelIclearly illustrates that U.S
hurricane damages have grown in the Ya

latter decades of the twentieth cen- Ya

tury. This trend promotes the corn- Figure 2. U.S. hurricane damages. 196-995, normalized for growth in coastal population and wealth

mon perception that hurricanes are (Rief. 2). This figure omits values for the period prior to 1926 because wealth data were not available.
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20 ~~~~~~~~~~~~~~~~~have documented various increasing
-Annual floo ~~~~~~~~~and decreasing trends in the frequency-Annual flood damages ~~~~or magnitude of extreme events, bur0 ~ 2 -erMOvnaerg 

are not able to asoit thosechne
E ~ ~~~~~~~~~~~~~~~~~~with global climate change.-.10 

While economic damages associated
with extreme weather events have~i~ 5 
increased in recent decades, it is diff-cult to associate the increases with0 
fluctuations in climate. This is primia-Co C -- 0 - ne 010D0' . )0 %0 rily due to the fact that the strongest0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 0 % 0 0 % 0 0 % % 0 ' % 0 % ' 0 %s ig n a l i n t h e i m p a c t s r e c o r d isYear increased societal vulnerability-popu-
lation growth and development-Figure 3. Flo aae nteUie tts 9319;eknse sannual values and 25-year moving rather than increases in eventaverages (Re. ). i h ntdSae.10-94 xrse frequency or severity.Floods flood damages for changes in eco- Better normalization methods andGlobal climate change has also been nomic conditions over the period of improved data quality, which are theimplicated as a cause of increasingly record, subject of ongoing research by Pielkecostly flood losses in recent year. 
and others, hold promise for improv-While it is theoretically possible that Tornadoes ing the ability to identify a climatesuch a link exists, there are few data Compared to hurricanes and floods, signal in the impacts record.available upon which to base such trend data on impacts of tornadoesstatements. are not as readily available or reliable. ReferencesFigure 3 plots National Weather Several tentative condlusions can be 1. Pielke, RA, Jr., Trend, in EritremeService data on the economic losses reached, however: Wete Impacts in the United States,associated with flood damage for the * deaths related to tornadoes have prepared for the Electric Powerperiod 1903-1994, adjusted to con- decreased in recent years. due pri- Research Institute, 1997.stant 1992 dollars. Annual values as manily to improved detection and 2. Pielke, RNA, Jr. and C.W. Landsea,well as 2 5-year moving averages are warning systems "Normalized Hurricane Damages in theshown. As with hurricanes, there is no * the total observed number of torrna- United States: 1925-1995, Weatherquestion, that economic losses have does has increased in recent years, and Forecasting (in press). The paperbeen increasing in this century. How- with strong tornadoes remaining can be found on the Internet atever, research has not been conducted constant; this trend has been attrib- http://wwwdir.uca.edu/sig/HP rogerIthat explaini this trend or the relative uted to better reporting and detec- hurr~_norm.html.contributions of changes in climate or dion of tornadoes, rather than to asocietal factors, change in tornado climatology 4Pielke found that, on a national * damages related to tornadoes arescale, documentation of changes in perceived as increasing, but the datathe physical attributes of river basins underlying this trend is suspect; theand the characteristics of floodplain ability to detect trends in impacts,occupancy has not been done. Thus, much less attribute them to clina-attributing documented trends to tological or societal factors, remainsspecific causes, including climate, a topic of research interestcurrently is not possible. The paucity

of data on what constitutes flood- Conclusions
prone areas, the amount of property The findings presented here are con-at risk, and other factors limit what sistent with those of the Intergovern-can be authoritatively concluded mental Panel on Climate Changeabout trends in societal vulnerability (IPCC). Namely, there is no evidenceto floods. Research remains to be that the global frequency or magni-done to correlate flood damages with tude of extreme weather events hasfactors such as land use, demographic, increased through the twentieth cen-and climate trends, and to normalize tury. At the regional level, scientists
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Insurance Claims as an Indicator of Global Climate Change

Environment Division
Global Climate Change Research Area

ne postulated consequence of _ _

kOglobal climate change is an
increase in the frequency and intensity 4
of severe storm activity. Recent
increases in storm-related insurance3
losses have resulted in a perception 2

that there has been an increase in
storm activity triggered by global
dlimate change.

To assess the basis for such con- o
cerns, EPRI retained Dr. Stanley A. 194 1952 1956 1960 1964 1968 1972 1976 1980 1984 1988 1992

Chanignon, Chief Emeritus of the Year

IliosSttLaerSre and Profes Figure I. National hail-loss data for agricuiltural crps, expressed as loss cost, which includes adluistinnt

sor of eographry andtmospiieric for inflation, liability coverage, crop value and other factors (Ref. I).

Sciences at the University of Illinois.
For several decades, Dr. Changnon Figure 1 prese~nts U.S. crop-hail loss data for use in examining trends over

has investigated the temporal fiuctua- cost values from 1948 through 1995. time. However, according to

tions of severe weather conditions The figure shows that loss cost values Chanignon, the industry has not cap-

using crop-insurance industry dlaims were relatively'high in the 1950s, the tured all of the societal changes affect-

data. According to his analyses, the early 1960s, al~d again in the early ing risk, such as increases in property

recent perceived increase in severe 1990s. The only~ tr end indicated by density and the changing value of

storm events is largely due to a long these data is a pattern of 1 to 3 years personal property. Thus, insurance

preceding period of low event fre-. of high hail losses typically separated industry analyses exaggerate the mag-

quency and a dramatic increase in by several years of low losses. No nitude of recent losses.

population density in areas most sub- statistically significant long-term trend Changnon confirmed this bias in a

ject to such events. A summary of his of decrease or increase in crop loss recent study. He examined data from

methodology and findings are pre- cost is indicatedi. catastrophes causing losses of $10 mil-

sented in this Climate Brief, lion to $100 million for the period

Property insurance data 1949 through 1994. He showed that

Crop-hail insurance analysis Since 1949, the property insurance as the frequency of events and the

Crop-hail insurance data show industry has documented each 'catas- amount of loss steadily increased over

increasing losses ever since the indus- trophe," defined as a storm producing time, they were paralleled by the rate

try began systematically collecting $5 million or more loss to property. of increase in the U.S.,population.

data in 1948. However, a variety of As for raw crop-loss data, catastrophe This concept was reinforced by a

factors in addition to storm activity data contain biases that limit their regional analysis of the data. The

affect these losses. To adjust for infla- direct use in temporal analyses. Before analysis showed that the greatest rela-

tion, liability coverage, crop value, adjustment, these data show increas- tive increases in catastrophes has

and other factors, the industry has ing losses as well as a growing numn- occurred in the southeast and south

developed an adjusted value called ber of storm events qualifying at the where population growth has been

"loss cost." Loss cost is calculated by $5 million minimum. well above the U.S. average since the

dividing annual loss by liability cover- The insurance industry has devel- 1950s.

age and multiplying by $100. oped a method to adjust catastrophe
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annual population values. The data Chanignon's conclusions are consistent
sho a eltivlyflat curve punctuated wiith the recent evidence presented byby five spikes, the result of major thInegvrm taPnlonCihurricanes for the years 1950, 1954, Mate Change (Ref. 3).

1965, 1989, and 1992. The data indh-
cate no real long-term increase in Rfrnetotal catastrophes when accounting fior I Changnon, S.A., D. Changnon, E.R.increased population. The graph also Fosse, D. Hoganson, R.J. Roth, and J.suggests that the two decades of rela- Torsch. Impact and Responses of thetively low catastrophe losses prior to Weather Insurance Industry to Recentthe most recent peaks may have Weather Extremnes. Mahonwt, ILbiased the general perception of a Changnon Climatologist. CRR-4 1, 232trend in increasing catastrophes of pp., 1996.

late. 2. Changnon, S.A, D. Changnon, E.R.
Fosse, D. Hoganson, Rj. Roth, ar~d J.Are recent extremes indicative of Totsch. "Effects of Recent Extremes onclimate change? the Insurance Industiry MajorExtreme weather events are known to Implications for the Atmospheric

duster in successive years, with wide Sciences," Bulletin Amer. Meteoro. Soc.,swings in frequency and magnitude. 78:425-435, 1997.
Changnon and others hypothesize 3.NcosNG.ruaJ.ozl Tthat storm events that did not "break 3.Ncos . .GrzJ ozlall-time past records" were due to Karl, L. Ogallo, and D. Parker.normal climatic variability, and those "Observed Climate Variability andfound to be in excess of any past Chanige," Chapter 3 in Climzate Changeevents represent a potential indicator 1995: The Science of Climate Change,of a changed climate. On this basis, IPCCQ Cambridge, UK: CamnbridgeChangnon concludes: Univ. Press,'137-192, 1996.
* Recent insurance losses, when 4. Changnon, Stanley A. Temsporaladjusted for inflation were not Fluctuations in Damtaging Storm Activiyunique, as Measured by Data of the U. S.* Past trends in catastrophe-related Insurance Industry. Presented at thelosses, including the large recent Second Annual Electric Power Researchvalues, have been driven primarily Institute Global Climate Changeby population increases and only Research Seminar, Washington, DC,'moderately by weather fluctuations. May 1997.

Copies of this Climate Brief may be obtained by eligible organizations and individuals by ©1 1998 Electric ,P~ Ir serchistitute (EPRI). Inc All right,contacting Christopher Gerlach at 650.855.8579 or cgerlach~eprtcom. reserved Electc Ftve Research Instiute and EPPJ ar revsterd
sriemarts of the Elecri FW~w Resarh Institute, inc.EPRI, 3412 Hillview Avenue. P.O. Box 10412, Palo Alto, California 94303 U.SA.800.31 3.EPRI or 650.855.2000 wv.epri~com 
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Trends in Weather and Climate Extremes

Environment Division

Global Climate Change Research Area

rvnssuch as the 1993 Mississippi -0 -- Druh -U- Moisture surpIIIS

jj~ie~r Basin flood and the 1997-

Red River flood have raised concern 3

that global climate change may be 2

increasing the frequency and/or 2

severity of extreme weather and

climate events. Clearly, floods,0

drought, hurricanes, extended periods Io1
of extreme temperature, and other

extemeevetscan have significant ~

human, ecological, and economic 0

ramifictions. The potential influence

of climate change on extreme events
istherefore, of importnce

A number of recent investigations %

have explored whether there is a sig- Five-year period

nificant trend in the incidence of

extreme events. In a recent synthesis Figume I. Area] coverage of severe drought and moisture surplus conditions for the cotermnifous United

of data prepared for EPRI, Dr. Ken- States averaged over five-yer periods (Reft 3). Values are based on the Palme Drought Severity IndeIM

neth Kunkel summarized research on 
cn lse stems

NorthAmercan tendsin clmateand Wet Periods decade. This recnclseistemt

weath Aericex tremes.une is dliraeco Karl et al. (1995) also examined frequent occurrence of freezes since

ofather Mdestreer.KnkClimat Cienter at trends in wet periods, finding that the late' 19th centuryr

ofthe Mlinoistter Wliater Surey.e His there has been an increase in the area Kunkel et al. (1994) examined

fheIndingis Sate disused in ey tHisCimat experiencing seve [e moisture surplus severe winter storms in Illinois from

friefng aedsusdi thsC m te since about 1979. '1901 to 1991. This smudy revealed

Brief. ~~~~~~Severe Winters that the frequency of such storms has

Long-ternm climate extremes Karl et al. (1993) studied trends in been lower since about 1960 than was

Droughts snowfall and snow cover over North - experienced prior to that time.

Drought index values based on pre- America from 1950 to 1990, finding Severe Summers

cipitation, evaporation, and runoff that snowfall decreased during the 'DeGaetano (1996) found a statisti-

data ave een alculted y Kal 1980s compared~ to the prior three cally significant decrease in the num-

ata (1995) proidngcaluae 100yeKarl decades. Leathers and Robinson ber of days with temperature

perio of95) preoridin fo th -eatrinos (1993) found th'at snow cover extent exceeding 95 degrees in the northeast

United States. As shown in Figure 1, in the United States decreased during United States fortepio19-

severe drought conditions were most the mid-1980s to early-199Os com- 1993. al 19)nlye

pealent in the 1930s and the 1950s. pared to the pro 5yer.Knkle l.(94 aaye

Except for the late 1980s, the last 30' Rogers and Thohli (1991) identified- extreme summer temperatures in III

E ~ ~ ~ ~ ~ ~ ~ ~ ~~~fezsin Florida during the nois from 1901 to 1991. They found

years have been characterized by a six majorfres

rather low frequency of severe period 1977 to1 1989. During the that the number of days with temper-

drought. earlier part of the 20th century, severe atures exceeding 100 degrees was

freezes occurred only about once per highest during the 1930s. From the
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-] Reference-High tmpertur W- o t 1. Deaacta, A.T. "Recent Trends in
Is =~Mxiu and Minimum TemperatureIC 100 Threshomd ( ~~~~~~~~~~~~~~~Ecedances in theZ_ ~~~~ ~ ~ ~ ~~~~~~~~10 C Norteater United States." Journal of95 

5 I C1im.,9.:r1646-1660, 1996.
90 0 0 ~~~~~~~~~~~~~~~2. Karl, TR, BY Groisman, R.W.E 

E ~~~~~~~~~~~~~~~~~~~Knight, and R.R. Heim, Jr. "Recent85 
Variations of Snow Cover and Snowfall

-10 in North America and Their Relation75 -15 ~~~~~~~~~~~~~~~~~~to Precipitation and Temperature75 15 ~~~~~~~~~~~~~~~~~~~Variations." Journal of Climate, 7:1327-1949 1954 1959 64 1969 974 979 1984 1989 19941344, 1993.

3. Karl, T.R., RW. Knight, D.R.
Fasterling, and R.G. Quayle. "Trend,
in U.S. Climate During the Twentieth

Figure 2.Average annual extreme high and low temperatures averaged for all statdons in the United Century"' Consequences, 1:3-12, 1995.States with long-tern, temperature records (Ref. 4).

4. Kunkel, K.E. Midwestern Climate
mid-1950s through the 1970s, there the United States with long-term tern- Center. Personal communication. 1997.was a low frequency of days exceeding perature records. Each station's highest100 degrees. There has been an temperature was identified for each 5. Kunkel, K.E., W.M. Wendland, Si.Jincrease in the 1 98 0 s and early 1990s, year and those extreme values were Vermecte. "Climate Trends in Illinois,"although still much below the fre- then averaged among all reporting in The Changing Illnois Environment:quency during the I193 0s. stations. There is no obvious trend for Critical Trends, Technical Report of theeither series. Critical Trends Assessment Project,Short-duration rainfall and 

Volume I: Air Resources. Illinoistemnperature'extremnes Conclusions 
Department of Energy and NaturalRainfall Analysis of long- and short-term Rsucs LN/EE-40()Karl et a]. (1995) found that one-dlay weather and climate records yields, pp. 7-89, 1994.heavy precipitation events made an mixed evidence of possible effects of 6. Kunklce, K.E., K. Andsager, and D.R,increasingly large contribution to U.S. global dlimate change on weather and Easterling, Trends in the Frequency ofannual precipitation between 1910 climate events in the United States. Heavy P-recipiataion Events Over the U.S.and 1993. Kunkel et al. (1997) found On the one hand, the increased fre- Preprints, 10th Conference on Appliedthat the frequency of seven-day heavy quency of heavy rain events is consis- Climatology, American Meteorologicalprecipitation events has increased over tent with an apparent increase in the Society, Boston, 1997.a large area of the cduntry-most areal extent of long-term extreme wetprominently in a belt extending from conditions, and is also consistent with 7. Leathers, D.J. and D..A. Robinson.the southwest through the Midwest- what some scientists believe will be an "The Association between extremes inemn plains into the Great Lakes. The effect of dlimate change. On the other~ North American Snow Cover Extentnorthwest United States experienced hand, the frequency of extreme and United States Temperature.'the only notable decrease in extreme drought episodes does not exhibit any Journal of Climate, 7:1345-1355, 1993.rainfall-event frequency over the same dlear trend, nor do records of extreme 8. Rogers, J.C. and R.V. Rohli. "Floridaperiod, high or low temperatures. Upward Citrus Freezes and Polar Anticydlones;Temperature trends in these variables are predicted in the Great Plains." Journal of Climatse,Figure 2 presents a time series of the outcomes of global climate change, 4:1103-1113, 1991.highest and lowest annual average but such trends are not apparent intemperatures recorded at stations in - U.S. dlimate d~atIa.
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Comparing Results of Climate Predictions

Environment Division

Global Climate Change Research Area

r'limate models (technically, general
k.jCirculation models, or GCMs)

enable scientists to explore the6

influence environmental changes

might have on the ear-th's climate. I
These models, run on super- 4

computers, simulate the atmospheric I

processes that determine climate. v 3

While GCMs have become increas-3

ingly sophisticated. they remain sub- 2

ject to considerable uncertainty.2

Because researchers have used different £q I

approaches to model the complex Er'A

oca-ac-amshr system, model Z

projections can vary substantially. This

can be problematic for decision mak-

ers charged with establishing climate FiueLlmew ~gemm m. for Northern Hemispheric summer season (Ref. I).

change policy.
To address this problem, the Model

Evaluation Consortium for Climate EMSIS BMRC, CCMO. CCMI-OZ, Results

Assessment (ME2CA) sponsored an CCMIW, and CCM1 models. AB, A series of graphs of geographic dis-

inter-comparison of the climate except the BMRC (Bureau of Meteo- tribution of model agreement for the

changes calculated by several GCMS. rology Research Centre in Melbourne, six experimental data sets has been

Model outputs for a scenario that Australia) model! are derivatives of the prepared. For each of the four climate

held carbon dioxide concentrations in National Center: for Atmospheric variables subjected to analysis, a range

the atmosphere constant at current Research's Commhunity Climate of outputs (e.g., 2, 4 and 60C7 tern-

levels versus a scenario with double Model, which was originally devel- perature change) have been charted.

the urrnt lvel of 702were evalu- oplfou lblmdlcntcted Figures 1 and 2 illustrate these

atedhe uresultves are exrseCna atteBR0Gve2h oes results. As shown in Figure 1, the

steriTes o"areements mareeprs"e hich comnacsrthane r models show considerable agreement

ilstrates teetn of agree ent nt soamypomv{hawudestteth 
that enhanced greenhouse forcing will

ilutamon tCM outputs aofl ncrtinyeneodleroec result in increased surface tempera-

among GCM outputs. tions. 
tures of at least 20C7 near the poles.

Modeling regimen Four output kimnate variables were However, the results are more equivo-

ME2CA~s principal investigator. Prof. selected for analsis: surface tempera- cal for the mid-latitude regions, where

Ann Hndersn-Selers o the nyal ture, precipitation, snow cover, and fewer models agree.

Mnelbundersln-Stmellr of thehnoalog in sea-ice extent. The investigators used The models show little agreement

Australia, selected six experimental computer visualization techniques to about how an enhancdgenos

data sets for the analysis. The simula- illustrate the extent of model agree- effect would influence precipitation

tions were performed using the GEN- ment by geographic regions.

MAY 1998 

SI02



6

"0.2

to 2

I

F i u e 2 r c p t t o g e m n a o o r h r e i p e i u m r s a o R f )

Poicyr 2 makersii arelymon th waork Nofte AHmsshercssmment sDaonlr Thef Nehelads
diFnateenodelTsetonguidevtheirnego- 

ReuwereAcaemis ulses 95

ine quxteng reuthe unert iiainty 2. HwW n .Henderson-elrA nsedllnMaeessurrgoundin moe-rjciosHh d.Assessng CLmate Change: Resultsresultsof the E2CA iter-comari. romtenModel Evauluations Cons h ortilsoncprsetdions teCiaeCag i Cvlimateo AssessmentfoseCimaleNW
Polic makes rey on he wok ofAuswrnena: Gordon cand Breac SciherlnceAtlraseprovdelerat viual, teaiycmrneg- uwrAaei Publishers,,1 p,19.IB 190-hitindedIllustratinee fof atheixtnto ofN072-4 .Aalbetagereeet goalmonge rhange.o modlels 5699-067-5a.TR1054

Thsuroninforma dlpoetionssoudbeo grea RepreAsentaiv Climate Change: Atlsuvaslue in hepighe e2C generalpulc visualizatieonsade ovluthernMECAnotuundrstnd he egre o cofidnc fresachmprdute Acasen aosvailale, onthethaocn, b p laened in modeClmt predic- Aunternetiat:GodnadBecSineAtionsrvd iulesl ope htpublisher,48pp., 197/M IBNC 9Thenmde l unte-oprato isoheetns are69-675
scientitsengamoged iangefofot todes
Thes cnormpleityof the d oean-landersnatv-lmt Cag tavatmospnhereisysthem maesnteryl dubiffi- liain adohe Eculttndertndtihe spgreifi c p o fiess eerhpout aeaalbeo haloihsthat caeparedi perormin poorlyc nere t
Iter-comparingersimiarmodes; makes

sietipstsibet effaectivelyfiolate the
mh odulesxin ee of improvement.nd

c o ta tigo s is o p erhe lcrat 6 5 .8 5 9 59srte ml c h e p m a k eersd 
E e trcitw r e eve 

rInyi 
u e ridEifaefegie eEPgrI42Rithmsitha arenue.rf oxrming2 paooAltoyaiori.403USA

sere marl. of the Electric Powe Resarch Intitute, Inc.
800.31 3.EPRI or 650.855.2000 ~weprixcon 

(D Amned on rrkd pape in th United Sae fnrr



Overview of Climate Change Market Impacts

in the United States
Environment Division

Global Climate Change Research Area

T he driving force for lim itin g Tota, market + non-market impacts

Igreenhouse gas emissions is the

potential for global dlimate change to Ndaw Cline Titus Tol Fnhue

cause undesirable impacts on (19) (I992) (1I92) (1995) (I995)

ecological, human, and economic o

summarizes key results of EPRI
systems. This Climate Brief 0~ -20--

research on the potential effects of _6--
dlimate change on market-based g ! 8

resources in the U.S. economy. Other _

Climate Briefs address possible effects co I0

on ecosystems, selected animal species,

and human health. Figure 1. Previousl piblshed estimates of U.S. climate change impacts in the year 2060Tel's estimates

include Canada (Re.i).

Early estimates of market-based the amount of climate change and sea Updated market-sector studies

impacts 
dfrtr nivs- Fgr rsnsupdated results for

In the late 1980s, the U.S. Environ- level rise, rates o euno net iue2peet

mentl PotecionAgeny (PA)pub- ment, and changes in population and several sectors of the U.S. economy.

lisedtal sroeriesof studesc (EPAminng income. Standardizing these parame- The results presented are based on a

thepotntal ffctsofdimtechange ters led to dloser' agreement in the dimat cnrowt . 0 epr

the potental effectsof climat existing stimates.ature increase and a 7 percent precipi-

on indvidual economic scos hs EPRI's initial review also identified tation increase. Positive numbers in

studies indicated that ecnmcseveral limitations in the underlying the figure represent benefits; negative

impacts are potentially large, but EPA studies, somte of which have numbers, losses. The new estimates

highly uncertain.armoemdrtthnhepvi
A series of synthesis studies were been addressed In a second generation ar oemdrteitanthe prei-ail

published in the early 1 990s that of impact assess ments now underway. ously published estiae rmrl

combined the EPA sectoral studies

with updated dlimate scenarios andI

authors' judgments to provide more -

comprehensive estimates of the effects J rvoslwdaaeetmt

of climate change on the U.S. econ- o 20Upevos 
hg dage stme

omty. The resulting aggregate estimates o'F

range from $55 billion to $ 111 bil-

lion for the U.S. economy in the year -2

2060 (Figure 1). .. 40

Initial EPRI research on climate 6

nipacts, begun in 1993, examined the Amlui ibr Wtr 6W c~a ae iceto

nmethodologies underlying these esti- R~t~eln esoWater Qui Cata alterRceto

mates. That research showed that

much of the scatter in the aggregate 
impact Catego ry

estimates could be explained by differ-

ences in authors' assumptions about Figure 2. Estimated economic impacts of doubled-CC), clirmate in 2060 on U.S. market sectors (ReL. I)
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because they are based on lower cli-
mate change projections (consistent
with current JPCC projections);
indlude more ability to adapt to cli-
mate change (e.g., through changing c, 10planting dates or crops to reflect
changing dlimate); reflect more corn-
prehensive analysis; and, in the case 2' o
of the timber market analysis, rely on 0improved ecological models to esti-
mate timber yield changes.

The potential role of adaptation -10turns out to be particularly important, limited adaptation fuller adptationespecially in combination with morecomprehensive sectoral models. For Figure 3. Estimates of the change in value of U.S. agricutural crops derivd from Texa AMsexampleEPRI's wrk on th agricul Agricukturatf Simulation model. Results shownv for the EPA 1989 version of ASM (limtited A&atton nfor the recent EPRI-sponsored version (with additional adaptation options) for the same future climatetural impacts of dlimate change high- scenario (Ref. I).
lights how indlusion of additional
crops and market-based adaptation model projected a $7.5 billion annual Referencescan significantly alter estimates of loss in 2060 in the value of U.S. 1. "Potential Ecological and Economiceconomic impacts. In a recent analy- agricultural production. With addi- Impacts of Climate Change," EPPJsis, the late 1 980s version of Texas tional adaptation options, the newer Journal, March/April 1997.A&M's Agricultural Simulation Model model estimated that the annual value 2 h cnmcIpcso lmtused i EP~s 989 asessmet and Of U.S. agricultural production would Change onteiSscooythe new version of the model were increase by nearly $15 billion. o h .. Eooyrun on the same climate scenario to Analyses of other sectors of the Cambridge Univertsity Press, in press.illustrate how model changes affect U.S. economy provide similarresults.-The new model allowed for insights, emphasizing the importanceadditional crops and indluded range- of more comprehensive models and ofland productivity. Subject to detailed gaining a better understanding ofregional soil constraints, the new adaptation costs and possibilities inmodel allowed shifts by southern estimating' the potential effects offarmers toward high-value, heat-resist- climate change.ant crops like fruits and vegetables if Detaied results of these studies arethe grain belt migrated northward scheduled to be published by Cam-(Figure 3). For a single GCM dlimate bridge University press.

scenario, the early version of the

Copies of this climate Brief may be obtained by eligible organizations and individuals by 1998 Elec-c her Research lrattut (EPPJ), Inc All rightscontacting Christopher Gerlac,h at 650.855.8579 or cgerlach~epri.com. 
mstwd Electc Fhoe Research MdIritut n EPN are regitedEPRi, 341i2 Hillview Avenue. P.O. Box 10412. Palo Alto, California 94303 US.A. ~ ~ m~so h l~? e,, nft,1800.31 3.EPRI or 650.855.2000 ww.epri~com 
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Impacts of a Carbon Tax on U.S. Consumers

Environment Division

Global Climate Change Research Area

~he 1992 United Nations 
Economic simulation model

ITFramework Convention on

Climate Change (FCCC) has as its 
Gobal

ultimate goal the "stabilization of CRTM DGEM BER1 Fossil 2 21 00 Gaulder GREENMW

greenhouse gas concentrations in the 0

atmosphere at a level that would

prevent dangerous anthropogenic ~ 2

interference with the dimate system."'

Stabilizing concentrations wouldE

require substantial reductions in 02 -6

global greenhouse gas emissions. As .. -

interim steps, the parties to the Ig~

convention have considered a number U 1

of schemes for stabilizing or reducing-2

emissions early in the twenty-first *swnon at 1990 levels U Stabilizationl at 20% below 1990 levels

century.
Under sponsorship of EPRI and rdcin nU.prcpnicm

other public and private organizationsFgr .E~c fC 2 eiso eutin nUS e aiaicm Rf )

Stanford University's Energy Modeling income growth by 3 to 5 percent per The effect of these carbon taxes on

Forum (EMIF) employed a variety of ya(Fg re ) educing emissions to U.S. household consumption is illus-

thei csimltsiof clmatel tong 20 percent below 1990 levels would trated in Figure 2. For example, a

explore tecssoclmtchne cause per capita income growth to fall $160 per ton carbon tax causes con-

policy oiptions. Economic impacts by 7 to 10 percent per year. sumers to reduce futel oil and coal

were estimated by calculating equiva- At these levels of carbon taxes, consumption by 25 percent, and a

lent 'carbon taxes'-the amount of a reductions in jpersonal income would $260 per ton tax causes consumers to

tax on carbon emissions that would occur dlue to lost output stemming reduce fuel oil and coal consumption

cause individuals to alter their directly from higher prices for carbon- by 40 percent. Electricity use falls 20

lifestyles and rearrange spending such using goods, as well as from dimin- to 32 percent; gasoline purchases drop

that the requisite emission reductions ished net capital accumulation by 12 to 20 percent; and natural gas

would be achieved. Such estimates associated with premature obsoles- consumption is reduced by II to

emissi ons trading, bustemay under- cence of capital investments. 18 percent. Purchases of automobiles

ingeisostaigbtmyudr 
as well as new trucks and recreational

estimate the impacts of less flexible Emission reductions reduce vehicles decrease by 3 to 5 percent,

policies. 
household consumption and expenditures on housing decline

Emission redutions reduceBased on EMF results, the minimum slightly.

Emissionreductios reducecarbon tax necessary to achieve stabi-

economic: growth lization at 1990 emission levels in Emission reductions increase

EMF results suggest that a carbon tax 2010 is $160t per ton. A high-end disparities in income distribution

sufficient to reduce U.S. carbon diox- estimate of the carbon tax needed to In addition to reducing income

ide emissions to 1990 levels by 2.010 achieve the same emission reductions growth and curtailing household con-

would reduce the rate of per capita is $260 per ton. sumption, policies to curb emissions
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Hotsehold consumption category

C~~~~C

;0

E-100

20J

-~ 30
5

*1 Low Cost $ 160 per ton
U High Cost $260 per ton

~-50

Figure2 feto tblzn O emissions at 1990 jeveis on U.S. household consumption (Ref I).

increase disparities in' the distribution References
of income in the United States, even, 1. This summary is a condensed versionwhen tax revenues are recydled of a paper prepared by Gary W. Yahe,through personal income tax reduc- Professor of Economics, Wesleyantions (Figure 3). Using a standard University, for a September 11, 1996measure of the degree of income conference sponsored by the Americaninequality, analysis shows that carbon Coutncil for Capita] Formation Centertaxes cause relatively large losses in for Policy Research, published inthe poorest quintile (lowest one-fifthi Climnate Change Policy Riskof the U.S. population), smaller losses J'rioritizaeon, and U.S. EconoOmic.in the middle quintiles, and moderate Growth, ACCF Center for Policygains in the'richest quintile. Research, 174 pp., June 1997.

Income category
Lowest Second Third Fourth Highest
Quintile Quintile Quintile Quintile Quintile

a 4

-~2

-2

-4

4-6

e- Io0

* Personal Income Tax Rebate of $ 160 Tax
U Personal Income Tax Rebate of $260 Tax
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climte, rief
Regional Impacts of a U.S. Carbon Tax

Environment Division

Global Climate Change Research Area

A nlmportant question for U.S.

I Xplicrnaersis how climatfectEetiiyPie

change Policy proposals woul fetEetiiyPie
different regions of the country. A

study conducted for EPRI by Charles

River Associates and DRIIMcGraw-
Hill provides valuable insights to this

question.

Analysis methods
The study assumed that reductions in

emissions would be brought about by

means of a carbon tax, designed to

provide an economic incentive to

move away from carbon-intensive

technologies. The carbon tax would

be levied on oil, natural gas, and coal,

based on their respective carbon diox-

ide emission potential. Tax revenues

were assumed to be recycled into the Fiu 1Chneireonlidsraelcrctpnein2 unratxof$ 0pr m o f

economy through reductions in other FireIChneirenainuraleetiiypieIn01uneatxof$0pemeico 
f

taxes; thus, the net economic impacts carbon (percent change from baseline; Ref. I).

of the carbon taxes would come from Results wolIaysbtatal mn

resulting changes in resource alloca- The study found 'that in order to hold regions, from an approximately

tions. it should be noted that the. emissions to 1990 levels in 2010, taxes 17 percent increase in the Southwest

carbon tax impacts are representative between $100 and'$200 per metric to an approximately 54 percent

of impacts that would come from ton of carbon would be required. Car- increase in the West North Central

other policy instruments having simi- bon taxes of this level would have rein
pervasive Figu~~~~reg 2ilutatsthnegoa

far effects on technology choices such praiveipat ion the U.S. econ-' iue2ilsrtstergoa

as emission caps. omy. These impacts would be felt by variation of carbon tax implications

The analysis was built around households and businesses, and would for several economic indicators. Key

projections of a baseline (a no-tax reduce both personal consumption conclusions about the regional

scenario) for future energy markets and investment [(see the companion impacts of a carbon tax include:

and the U.S. economy, compared Climate Brief, Impacts of a Carbon * A tax on the carbon content of

against three alternative carbon tax Tax on U.S. Conzsumers, CB-110727). primary fuels would hit energy-

scenarios of $50, $100, and $200 per 
producing regions the hardest. The

metric ton of carbon. The impacts Regional impacts West South Central states, with

that carbon restrictions would have on Carbon taxes would not affect all their heavy concentration in the oil

energy markets, and on the resulting regions of the country in the same and gas industries, would experi-

level and composition of consump- way. Figure 1, for example, shows that ence a one-percent job loss relative

tion, investment and international changes in industrial electricity prices to baseline levels in 2010.

trade, were evaluated.
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Figure 2. Changes in seleed economic indicators In 2010 under a ota of $100 per metric ton of carbon (percent change from baseline: Ref. 1).
•Regions depending heavily on coal Referencesfor electricity generation would 1. Montgomery, W.D., J. Yanchar and W.experience a rise in relative costs, Hughes. Economic Impacts of Carbonweakening their competitive posi- Taxes: Overviewl. TR-104430-VI. Palotion. As a result, manufacturing Alto: Electric Power Research Institute,;employment in the four Central 1994.
regions and the South Atlanticregion would decline. 2. Montgomery, WD)., J. Yanchar and W.•Miingan maitiiiturngemploy- Hughes. Economic Impacts of Carbon
ment losses would prompt out-7aesDeildwui.TR143V2
migration from the Central and Palo Alto: Electric Power ResearchSouth Atlantic regions to the New Institute. 1994.
England, Middle Atlantic, and
Pacific regions.

* Although the anialysis assumed that
proceeds of a carbon tax would be
recycled through federal personal
income taxes, an indirect inflation-
ary effect would contribute to the
erosion of real personal income in
all regions.
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The Value of 'Where and When' Flexibility

Environment Division
Global Climate Change Research Area

The Berlin Mandate, adopted by
The Conference of the Parties to10 F

the U.N. Framework Convention on

Climate Change (FCCC), calls upon8

developed countries to strengthen I0

their commitments for limiting
greenhouse gas emissions. Proposals

such as those put forward by the 0U
Alliance of Small Island States

(AOSIS) would require developed 20

countries to make large emission

reductions in the near term. I

In a study conducted by Stanford Case I: no flexibility Case 2:'where' Case 3: 'where and

University's Energy Modeling Forum flexibility when' flexibility

(EMF), investigators examined the

cost of an AOSIS-like proposal to Figure I. Global costs of alterative approaches for achieving a 20 percent cut in OECD emnissons

countries of the Organization for Eco-~ (costs through 21 00. d~iscounted to 1990 at 5 percent; Ref. I)I

nomic Cooperation and Develop- 'Where and When' flexibility Case 1, in which no 'where' or

ment (OECD). They assumed that The EMF studies used energy-econ- 'when' flexibility is allowed, is similar

OECD countries would be required omry models to examine costs and in spirit to the AOSTS proposal. The

to return emissions to 1990 levels by benefits of climate change policy pro- OECD is required to meet its emis-

2000, reduce emissions by an addi- posals. The reseatchers used trade in sions constraint independently. There

tional 20 percent by 2010, and hold emission rights Q1where' flexibility) to is no trade in emission rights with

emissions constant thereafter. If explore the potenitial gains from inter- other regions.

annual emission constraints were national cooperaiiofl. In Case 2, the constraint is still on

imposed through a strict country-by- The timing of emission reductions year-by-year emissions, but emissions

country approach, the costs to OECD can also influence cost. What is trading is permitted between the

countries could be 2 to 7 trillion important in meeting a concentration OECD and other regions. Non-

dollars in terms of present discounted target-the goal'[of the FCCC-is OECD countries are allowed to emit

value. On an annual basis, costs could cumulative rather than year-by-year up to the level of their emissions in

be as high as several percent of gross emissions. As 'where? flexibility allows Case 1. If they reduce their emissions

domestic product (GDP). flexibility across 'space, 'when' flexibil- below this level, they may benefit

How can such costs be reduced ity allows flexibility across time. The from the sale of emission rights.

while still achieving substantial reduc- EMF modelers &xamined the implica- In Case 3, the constraint is on

tions in greenhouse gas emissions? tions of both 'where' and 'when' flexi- cumulative emissions at the global

The answer lies in allowing flexibility bility for the imiplementation of the level. Both interregional and intertem-

as to where and when emissions are Berlin Mandated poral trading are permitted, based on

reduced. Indeed, flexibility can reduce Figure 1 presents results from the emission goals established in Case 1.

costs by 90 percent, potentially saving EMF analyses of three alternatives for As a result, reductions take place both

2 the international community trillions achieving a 20 percent reduction in where and when it is cheapest.

of dollars in mitigation costs. OECD emissions from 1990 levels by Placing a constraint on carbon-

the year 2010. emitting activities leads to a realloca-
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tion of resources, away from the pat- The optimal timing of emission Referencesterns preferred in the absence of car- reductions is also influenced by the 1. Richels, R., J. Edmonds, H.bon limits and into potentially costly prospects for new supply and conser- Gruzenspeclit, and T. Wigley, The Berlinconservation activities and fuel substi- vation technologies. There has been Mandate: The Desrjn of Cost-Effectivetution. Relative prices change as well, substantial progress in lowering the Mitigation Strategies. Report of theThese adjustments result in reduced costs of less emission-intensive substi- Subgroup on the Regional Distributioneconomic performance as reflected in tutes in the past. 'With a sustained of the Costs and Benefits of ClimateFigure 1. commitment to R&D, there should Chanige Policy Proposals, Stanford
be further cost reductions in the com- University Energy Modeling Forum 14,Potential gains from 'where' ing decades. It would make sense to 1996.flexibility draw more heavily on the carbon

The potential benefits from economic budget in the early years when theefficiency are substantial. In Case 1, marginal costs of emissions abatement
there is no opportunity for OECD are highest. With cheaper alternatives
countries to take advantage of low- in the future, there will be less need
cost emission reduction options else- for reliance on carbon-intensive tech-
where in the world. From the nologies.
perspective of global economic effi- Finally, with the economy yieldingciency. this makes little sense. Clearly, a positive return on capital, fiture
it is inefficient to incur high marginal reductions can be made with a
domestic abatement costs when low- smaller commitment of today's
cost alternatives exist in other coun- resources. For example, suppose that
tries. In Case 2, 'where' flexibility the net real return on capital is 5 per-

advatag oflower-costalentvsb remove a ton of carbon, regardless oftrdn ncarbon emission rights. In the year in which the reduction is
thi anlyss,'where' flexibility cuts made. If we were to remove a ton

the costs of a carbon constraint by today, it would cost $100. Altema-
70 pret(e Figure 1, Case 2). tively. we could invest $31 today to

have the resources to remove a ton inPotential gains from 'where' and 2020.
'when' flexibility From a global perspective, combin-
A constraint on cumulative emissions ing 'where' flexibility with a moredefines a carbon budget, e.g. a total gradual transition away from fossil
amount of carbon to be emitted over fuels substantially reduces the present
a fixed period of time. The issue is value of mitigation costs. It turns outhow best to allocate the carbon that there can be cost reductions as
budget over the period of concern, high as 90 percent when both types

There are several factors that argue of flexibility are combined (see
for using more of the available budget Figure 1, Case 3).
in the early years. Energy-producing Estimating mitigation costs is a
and energy-using investments are typi- daunting task. It is difficult enough tocaLly long-lived. Abrupt changes are envisage the* evolution of the energy-
apt to be expensive. This is especially economic system of the fuiture. Never-
true with respect to premature retire- theless, exercises like the EMF studies
ment of existing plant and provide useful information. The valueequipment. Time is needed for capital lies more in the insights fbr policy
stock to adapt. makting than in the specific numbers.
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The Kyoto Protocol: A Summary of Key Issues

Environment Division

Global Climate Change Research Area

The ultimate objective of the U.N.
TFramework Convention on

Climate Change (UNFCCC) "is to

achieve stabilization of greenhouse gas

concentrations in the atmosphere at a

level that would prevent dangerous

anthropogenic interference with the

climate system. (See the companion

Climate Brief, The United Na ti ononts

Framework Convention on Climate"

Change, CB- 110722, for more

information about the UNFCCC.

Since ratification of the Convention

in 1994, three meetings of the Con-. 
tT

ference of the Parties (COP) to this 
.

international treaty have been held~ At _ tS

COP-1, held in Berlin in 1995, th
initial commitments under the L

UNFCCC were deemed inadequate to Key provisions

meet the objectives of the treaty. I ) Commitments by1~Anne~x I Countries sions, but compliance is measured by

COP-i resulted in what is known as The Kyoto Protocol aims to reduce the net quantity of emissions from

the 'Berlin Mandate,' which called 
ucspu eoasb nacmn

upon Annex I countries (see table) to aggregate greenho~use gas emissions soucspsreoasbennem t

set"quntfie'eissonlimitation or from Annex I countries "by at least Of CO 2 sinks.

setd"uantionobediemssifon h ot 5 percent" in the period 2008 to 2) Commitments by all Parties

reduction objmetvs fo h Ot- 2012. The gases include carbon diox- General language is included about all

2000 time frae.d inGneai ide (CO), nitrous oxide (N2 0) Parties to the Convention advancing

COP-2 washe ldtcmeo tin G enevaing methane (CH4), hydrofluorocarbons their commitments. Non-Annex I

was a 'ministerial declaration' calling (HFCs), perfluot~carbons (PFCs) and countries may set voluntary reduction

for he stalishentof egaly bnd- sulfur hexafluori~e (SF 6). For account- targets rather than voluntarily agreeing

ing measures for reducing greenhouse ing purposes, rhe gases are converted to binding limits, as was suggested by

gas emissions. ~~to "carbon dioxide equivalent emis- the United States.

The third meeting of the Confer- sions' based on their 100-year global 3) Entr into force

enceof te Pa-tis wa hel inwarming potentials. The base year for The Kyoto Protocol will be open for

Dencembof the 7 Pries wasto heldan. determining redu4ctions is 1990 for signature between March 1998 and

DcO 3remb lerd99 in Kyopton oapan. the first three gases listed above, and, March 1999. It will enter into force

CyooP-3resuclte win h adptioniof thret 1995 for the latter three gases. when ratified by 55 Parties to the

Kyot Proetocols whic spnexIcifiestargets The Protocol contains differentiated Convention, including parties that

to reduce greenhouse gas emissions. targets for the Annex I countries, account for at least 55 percent of

Compliance will be determined on a Annax I CO2 emissions in 1990.

'gross/net' basis,~ in which commit-
ments are set based on gross emis-

MAY 1998 

C- 02



4) Eniforcemnent,
Alater meeting of the treaty parties Nearte fbimnnnedwill decide on "appropriate and effec-Ub ato nedtive" ways to deal with non-compli- :Cosiit~ae';d ine m~t6 ~ooo titrational, dotmesticregional,ance. loa~idscoSAv1 nevaluate Impact on compli-a~ncecotofsh5) Flexibility ~~factors asts-fi5) Flexibility ~~~~~~d~fmi onitjo FTc~arbon sinksThe Kyoto Prot col provides-or sev-s> lonxecluction potential and m itigation costs for gaes include in the P o o oeral type of flexiility in-chievingfor emissions trading among Annex I countriesreductions, but most of the details -- rules for Joint Implementation between Annex I countriesabout scope, principles and imple- ,,`,,definition of a Clean Development Mechanism that allows credit for jointmencation have not been defined, activities ,between Annex I and non-Annex I countries(a) Carbon sinks - Carbon sink voluntary Mrtipao ykInnAne onreprojects that are explicitly mentionedin the Protocol as eligible for credit in imat.flC~~ ct:6f~frtool on key climate change variablescomputing gross/net emissions include atopecgrAbuasonnttos

"direct human-induced land use ~ p~~et
change and forestry activities, limitedSMlvlrs
to afforestation, reforestation, and
deforestation since 1990." The fate ofother sink activities, and rules and Information needsguidelines for attaining credit for sink The.Kyoto Protocol raises many issues assumptions about the factors leftenhancement, are to be determined at requiring additional information in unresolved by the Protocol (see tablefuture meetings. the near term. o above). This will provide valuable(b) Joint Implementation UI) - J Internationally, temliueo insight about the optimum resolutionsprojects are to be allowed between details that were left unresolved at of these issues. The calculation rulesAnnex 1 countries, and a Clean Kyoto could result in differences of for gross/net emissions, the availabilityDevelopment Mechanism (CDM) trillions of dollars in implementation of cost-effective Joint Implementationto be created allowing credit for joint costs, depending upon how they are and emission trading opportunities,activities between Annex I and non- resolved. Many of these issues will be the oudlook for reductions in theAnnex I countries. Methodologies .for addressed in 1998 at negotiations of greenhouse gases other than C0 2 , andboth types of JI remain to be deter- the UNECCC subsidiary bodies in voluntary participation by non-Annexmined. Bonn in June, and at COP-A in I countries all play critical roles in(c) Emissions trading - Annex I Buenos Aires in November. determining the emission reductiontrading appears to be allowed, but Domestically, there is an urgent levels that may be required.language about general principles of need for analysis to assess the costs There is also a near-term need fortrading was removed from the final and benefits to the United States of analysis of the effect of implementingversion of the Protocol. All details are adopting the Kyoto Protocol. This the Kyoto Protocol on key dlimate,tobe determined later, analysis should address cost implica-- variables, indluding atmospheric(d) Banking early reductions- tions at the national, regional, and greenhouse gas concentrations, tem-There are no provisions for domestic local levels. In addition, it should perature change, and sea level rise.early banking, or for early banking of consider the impacts of the Kyoto This information will be crucial forAnnexI joint Implementation proj- Protocol on employment categories, comparing the potential costs andects. Early banking may be allowed on sectors of the economy, and on benefits of the Kyoto Protocol andfor JI with non-AnnexI countries international competitiveness issues, policies that may be considered atthrough the Clean Development All of these analyses need to be' COP-4.Mechanism, conducted exploring a range of
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Assessment of the Potential Impacts of Global Climate Change (Target 46)
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