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Executive Summary

The fact of human-induced global climate change as a consequence of cur greenhouse
gas emissions is now well established, and the only remaining questions among
mainstream scientists concern the nature and timing of future disruptions and dislocations
and the magnitude of the socio-economic impacts. It is also generally agreed that
different CO, emissions trajectories will lead to varying levels of environmental,
economic, and social costs — which means that the more sharply and the sooner we can
reduce emissions, the greater the avoided costs will be.

This report is designed to assist utilities, regulators, consumer advocates and others in
projecting the future cost of complying with carbon dioxide regulations in the United
States.! These cost forecasts are necessary for use in long-term electricity resource
planning, in electricity resource economics, and in utility risk management.

We recognize that there is considerable uncertainty inherent in projecting long-term
carbon emissions costs, not least of which concerns the timing and form of future
emissions regulations in the United States. However, this uncertainty is no reason to
ignore this very real component of future production cost. In fact, this type of uncertainty
is similar {o that of other critical electricity cost drivers such as fossil-fuel prices.

Accounting for Climate Change Regulations In Electricity Planning

The United States contributes more than any other nation, by far, to global greenhcuse
gas emissions on bath a total and a per capita basis. The United States contributes 24
percent of the world CO, emissions, but has only 4,6 percent of the population.

Within the United States, the electricity sector is responsible for roughly 39% of CO,
emissions. Within the electricity industry, roughly 82% of CO» emissions come fiom
coal-fired plants, roughly 13% come from gas-fired plants, and roughly 5% come from
oil-fired plants.

Because of its contribution to US and worldwide CO» emissions, the US electricity
industry will clearly need to play a critical role in reducing greenhouse gas (GHG)
emissions. In addition, the electricity industry is composed of large point sources of
emissions, and it is often easier and more cost-effective to control emissions from large
sources than multiple small sources. Analyses by the US Energy Information
Administration indicate that 60% to 90% of all domestic greenhouse gas reductions are
likely to come from the electric sector under a wide range of economy-wide federal

- policy scenarios.

In this context, the failure of entities in the electric sector to anticipate the future costs
associated with carbon dioxide regulations is short-sighted, economically unjustifiable,

' This paper does not address the determination of an “externality value™ associated with greenhouse gas
emissions. The externality value would include socictal costs beyond those internalized into market costs
through regulation. While this report refers to the ecological and socio-economic impacts of climate
change, estimation of the external costs of greenhouse gas emissions is beyond the scope of this analysis.
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and ultimately self-defeating. Long-term resource planning and investment decisions that
do not quantify the likely future cost of CO; regulations will understate the true cost of
future resources, and thus will result in uneconomic, imprudent decisions. Generating
companies will naturally attempt to pass these unnecessarily high costs on fo electricity
ratepayers. Thus, properly accounting for future CO; regulations is as much a consumer
issue as it is an issue of prudent resource selection.

Some utility planners argue that the cost of complying with future CO, regulations
involves too much uncertainty, and thus they leave the cost out of the planning process
altogether. This approach results in making an implicit assumption that the cost of
complying with future CO; regulations will be zero. This assumption of zero cost will
apply to new generation facilities that may operate for 50 or more years into the future.
In this report, we demonstrate that under all reasonable forecasts of the near- to mid-term
future, the cost of complying with CO; regulations will certainly be greater than zero.

Federal lnlﬁéﬂves to Regulate Greenhouse Gases

The scientific consensus on climate change has spurred efforts around the world to
reduce greenhouse gas emissions, many of which are grounded in the United Nations
Framework Convention on Climate Change (UNFCCC). The United States is a signatory
to this convention, which means that it has agreed to a goal of “stabilization of
greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system.” However, the United States has not
yet agreed to the legally binding limits on greenhouse gas emissions contained in the
Kyoto Protocol, a supplement to the UNFCCC.
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Table ES-1. Swmmary of Federal Mandatory Emission Redaction Legislation

Proposed Title or Year Proposed | Emission Targets | Sectors Covered
Nationa] Policy Description .
McCain Climate 2003 Cap at 2000 levels | Economy-wide,
Licberman $.139 | Stewardship Act 2010-2015. Capat |  large emitting
1990 levels sources
beyond 2015,
McCain Climate 2005 Cap at 2000 levels | Economy-wide,
Lieberman SA Stewardship Act large emitting
2028 - sources
Bingaman- Greenhouse Gas 2004 Reduce GHG Economy-wide,
Domenici (NCEP) Intensity inrtensity by large emitting
Reduction Goals 2.4%fyr 2010- sources
_ 2019 and by
2.8%/yr 2020-
2025, Safety-
valve on allowance
price
Sen. Feinstein Strong Econony 2006 Stabilize emissions | Economy-wide,
and Climate through 2010; large emitting
- Protection Act 0.5% cut per year SOUrces
from 2011-15; 1%
cut per year from
2016-2020. Total
reduction is 7.25%
below current
: levels.
Jeffords S. 150 Multi-pollutant 2005 2050 billiontons | Existing and new
legislation beginning 2010 fossil-firel fired
electric generating
" plants > 15 MW
Carper S. 843 Clean Air Planning 2005 2006 levels (2.655 | Existing and new
Act billion tons CO2) fossil-fuel fired,
starting in 2009, nuclear, and
2001 levels (2.454 | renewable electric
billion tons CO2) | genersting plants >
starting in 2013. 25 MW
Rep. Udall - Rep. Keep America 2006 Establishes Not available
Petri Competitive prospective
Global Warming baseline for
-Policy Act greenhonse gas
emissions, with
safiety valve.

Nonetheless, there have been several important attempts at the federal level fo limit the
emissions of greenhouse gases in the United States. Table ES-1 presents a summary of
federal legislation that has been introduced in recent years. Most of this legislation
includes some form of mandatory national limits on the emissions of greenhouse gases,
as well as market-based cap and trade mechanisms io assist in meeting those limits,
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State and Reglonal Inltiatives to Regulate Greenhouse Gases

Many states across the country have not waited for federal policies, and are developing
and implementing climate change-related policies that have a direct bearing on electric
resource planning. States, acting individually and through regiona! coordination, have
been the leaders on climate change policies in the United States.

State policies generally fall into the following categories: (a) direct policies that require
specific emission reductions from electric generation sources; (b) indirect policies that
affect electric sector resource mix such as through promoting low-emission electric
sources; {c) legal proceedings; or (d) voluntary programs including educational efforts
and energy planning., Table ES-2 presents a summary of types of policies with recent
state policies on climate change listed on the right side of the table,

Table ES-2. Summary of Individual State Climate Change Policles

‘Type of Policy State Examples
Direct ‘
«  Power plant emission restrictions (e.g. cap or ¢ MA,NH
emission rate)
s  New plant emission restrictions ' « OR,WA .
« State GHG reduction targets « CT, NI, ME, MA, CA, MM, NY, OR, WA
o Fucl/generation efficiency | ¢ CA vehicle emigsions standards o be adopted
by CT,NY, ME, MA, NJ, OR, PA, R, VT,
WA
Indirect (clean energy)
« Load-based GHG cap « CA .
+  GHQG in resource planning s CA,WA,OR, MT,KY
»  Renewable portfolio standards ¢ X satesand D.C.
¢  Energy efficiency/renewable charges and s More than half the states
funding; energy efficiency programs
+ Net mefering, tax incentives a 41 states
Lawsuits
« States, environmental groups sue EPA to »  States include CA, CT, ME, MA, NM, NY,
determine whether greephouse gases can be OR, RI, VT, and WI
regulated under the Clean Air Act
¢ States sue individual companies to reduce GHG & Ny, CT, CA, IA, NJ, RI, VT, Wi
emissions ’
Climate change action plans e _ 28 states, with NC and AZ in progress

Several states require that regulated utilities evaluate costs or risks associated with
greenhouse gas cmissions regulations in long-range planning or resource procurement.
Some of the states require that companies use a specific value, while other states require
that companies consider the risk of future regulation in their planning process. Table ES-
3 summarizes state requirements for considering greenhouse gas emissions in electricity
resource planning.
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Table ES-3. Requirements for Consideration of GHG Emissions in Electric

congider the risk of environmental
regulation over expected useful life
of the facility

Resource Decisions
Program type State Description Date Sounree
GHG value in CA PUC requires that regulated utility | Aprit 1, | CPUC Decision 05-04-024
resource planning IRPs include carbon adder of $8/on 2005
COy, escalating at 5% per year.
GHG value in WA Law requiring that cost of risks . | WAC 430-100-238 and 480-
resource planning associated with carbon emissions be 2006 9(-238
included in Integrated Resource -
Planning for electric and gas utilities
GHG value in OR PUC requires that regulated utility Year Order 93693
resource planning IRPs include analysis of a tange of - 1993
carbon costs
GHG valuein | NWPCC | Inclusion of carbon tax sccnarios in May, NWPCC Fifih Energy Plan -
resource planming Fifth Power Plan 2006
GHG value in MN Law reguires utilities to use PUC January Order. in Docket No. E-
resource planning established environmental 3, 1997 999/C1-93-583
extermalities values in resource
planning
GHG in resource MT IRP statute includes an August Written Condreents
planning "Environmental Externality 17,2004 | Identifying Concerns with
Adjustment Factor" which includes NWE's Compliamee with
risk due to greenhouse pases. PSC ARM. 385.8209-8229;
required Northwestemn to account for Sec. 38.5.8219, ARM.
financial risk of carbon dioxide
emissions in 2005 IRP.
GHG in resource KY KY staff reports on IRP require IRPs | 2003 and |  Staff Report On the 2005
planning to demonsirate that planning 2006 Integrated Resource Plan
adequately reflects impact of future Report of Lonisville Gas and
CO;, restrictions Electric Company and
Kentucky Utilities Company
- Case 2005-00162,
February 2006
GHG in resource uT Commission directs Pacificorpte | June 18, | Docket 20-2035-01, and
planning consider financial risk associated 1992 subsequent IRP reviews
with potential future regulations,
including carbon regulation
GHG in resource MN | Commission directs Xcel to “provide
planning an expansion of CO2 contingency August | Order in Docket No, RPOO-
planning to check the extent to which | 29 200] 787
rescurce mix changes can lower the
cost of meeting customer demand
under different forms of regulation.”
GHG in CON MN Law requires that proposed non-
rencwable generating facilitics 2005 | Minn. Stat. §216B.243 subd.

312)
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States are not just acting individually; there are several examples of innovative regional
policy initiatives. To date, there are regional initiatives including Northeastern and Mid-
Atlantic states (CT, DE, MDD, ME, NH, NI, NY, and VT), West Coast states (CA, OR,
WA), Southwestern states (NM, AZ), and Midwestern states (IL, A, MI, MN, OH, WI).

The Northeastern and Mid-Atlantic states recently reached agreement on the creation of
the Regional Greenhouse Gas Initiative (RGGT); a multi-year cooperative effort to design
a regional cap and trade program covering CO; emissions from power plants in the
region. The RGGI states have agreed to the following:

+ Stabilization of CO, emissions from power plants at current levels for the period,
2009-2013, followed by a 10 percent reduction below current levels by 2019.

« Allocation of a minimum of 25 percent of allowances for consumer benefit and
strategic energy purposes.

« Certain offset provisions that increase flexibility to moderate price impacts.

» Development of complimentary energy policies to improve energy efficiency,
decrease the use of higher polluting electricity. generation and to maintain economic
growth.

E!ectric‘lndustry Actions to Address Greenhouse Gases

Some CEOs in the electric industry have determined that inaction on climate change
issues is not good corporate strategy, and individual electric companies have begun to
evaluate the risks associated with future greenhouse gas regulation and take steps to
reduce greenhouse gas emissions. Their actions represent increasing initiative in the
electric industry to address the threat of climate change and manage risk associated with
future carbon constraints. '

Recently, eight US-based utility companies have joined forces to create the “Clean
Energy Group.” This group’s mission is to seck “national four-pollutant legislation that
would, among other things... stabilize carbon emissions at 2001 levels by 2013.”

In addition, leaders of electric companies such as Duke and Exelon have vocalized
support for mandatory national carbon regulation. These companies urge a mandatory
federal policy, stating that climate change is a pressing issue that must be resolved, that
voluntary action is not sufficient, and that companies need regulatory certainty to make
appropriate decisions. Even companies that do not advocate federal requirements,
anticipate their adoption and urge regulatory certainty. Several companies have
established greenhouse gas reduction goals for their company.

Several electric utilities and electric generation companies have incorporated specific
forecasts of carbon regulation and costs into their long term planning practices. Table
ES-4 illustrates the range of carbon cost values, in $/ton CO,, that are currently being
used in the indusiry for both resource planning and modeling of carbon regulation
policies.
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Table ES-4, CO; Cost Estimates Used in Electricity Resource Plans

Company CO2 emissions trading assumptions for varloms years
(32005)
PG&E* $0-Ofton_(start year 2006)
Avista 2003* $3/fton  (start vear 2004)
Avista 2005 $7 and $25/ton (2010)
$15 and $62/ton (2026 and 2023)
Portiand General $0-55/ton (start year 2003)
Electric*
Xcel-PSCCo $9/ton (start year 2010) escalating at 2.5%/vear
Idaho Power* $0-61/ton (start year 2008)
Pacificorp 2004 $0-55/ton
Morthwest $15 and $41/ton
Energy 2005
Northwest $0-15/ton between 2003 and 2016
Power and $0-31/ion after 2016
Consgervation
Council

*Values for these utilities from Wiser, Ryan, and Bolinger, Mark. "Balancing Cost and Risk: The
Treatment of Renewable Energy in Western Utility Resource Plans.” Lawrence Berkeley National
Laboratories. August 2005, LBNL-53450. Table 7.

Other values: PaclfiCorp, Integrated Resource Plan 2004, pages 62-63; and Idaho Pawer Company, 2004
Integrated Resource Plam Draft, July 2004, page 59; Avista Integrated Resource Plan 2005, Section 6.3;
Northwestern Energy Integrated Resource Plan 2005, Volume 1 p. 62; Northwest Power and Conservation
Council, Fifih Power Plan pp. 6-7. Xcel-PSCCo, Comprehensive Senlement submitted lo the CO PUC in
dockers 044-214E, 215E and 216E, December 3, 2004. Converted to 32005 using GDF implicit price
deflator.

Synapse Forecast of Carbon Dioxide Allowance Prices

This report presents our current forecast of the most likely costs of compliance with
future climate change regulations. In making this forecast we review a range of current
estimates from a variety of different sources, We review the results of several analyses of
federal policy proposals, and a few analyses of the Kyoto Protocol. We also look briefly
at carbon markets in the European Union to demonstrate the levels at which carbon
dioxide emissions are valued in an active market.

Figure ES-1 presents CO; allowance price forecasts from the range of recent studies that
we reviewed. All of the studies here are based on the costs associated with complying
with potential CO; regulations in the United States. The range of these price forecasts

_ reflects the range of policy initiatives that have been proposed in the United States, as

well as the diversity of economic models and methodologies used to estimate their price
impacts,

Figure ES-1 superimposes the Synapse long term forecasts of CO; allowance prices upon
the other forecasts gleaned from the literature. In order to help address the uncertainty
involved in forecasting CQO; prices, we present a “base case” forecast as well as a “low
case” and a “high case.” All three forecasts are based on our review of both regulatory
trends and economic models, as outlined in this document.
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As with any forecast, our forecast is likely to be revised over time as the form and timing
of carbon emission regulations come increasingly into focus, It is our judgment that this
range represents a reasonable quantification of what is known today about future carbon
emissions costs in the United States. As such, it is appropriate for use in long range
resource planning purposes until better information or more clarity become available.
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- Figure ES-1. Synapse Forecast of Carbon Dioxide Allowance Prices

High, mid and low-case Synapse carbon emissions price forecasts superimposed on policy model forecasts
as presenied in Figure 6.3. ' ,

Additional Costs Assoclated with Greenhouse Gases

This report summarizes current policy initiatives and costs associated with greenhouse
gas emissions from the electric sector. It is important to note that the greenhouse gas
emission reduction requirements contained in federal legislation proposed to date, and
even the targets in the Kyoto Protocol, are relatively modest compared with the range of
emissions reductions that are anticipated to be necessary for keeping global warming at a
manageable level. Further, we do not attempt to calculate the full cost to society (or to
electric utilities) associated with anticipated future climate changes. Even if electric
utilities comply with some of the most aggressive regulatory requirements underlying our
CO; price forecasts presented above, climate change will continue to occur, albeit at a
slower pace, and more stringent emissions reductions will be necessary to avoid
dangerous changes to the climate system.

The consensus from the international scientific community clearly indicates that in order
to stabilize the concentration of greenhouse gases in the atmosphere and to try to keep
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further global warming trends manageable, greenhouse gas emissions will have to be
reduced significantly below those limits underlying our CO; price forecasts. The
scientific consensus expressed in the Intergovernmental Panel on Climate Change Report
from 2001 is that greenhouse gas emissions would have to decline to a very small
fraction of current emissions in order to stabilize greenhouse gas concentrations, and
keep global warming in the vicinity of a 2-3 degree centigrade temperature increase.
Simply complying with the regulations underlying our CO; price forecasts does not
eliminate the ecological and socio-economic threat created by CO; emissions — it merely
mitigates that threat. ‘

In keeping with these findings, the European Union has adopted an objective of keeping
global surface temperature increases to 2 degrees centigrade above pre-industrial levels.
The EU Environment Council concluded in 2005 that this goal is likely to require
emissions reductions of 15-30% below 1990 levels by 2020, and 60-80% below 1990
levels by 2050.

In other words, incorporating a reasonable CO; price forccast into electricity resource
planning will help address electricity consumer concems about prudent economic
decision-making and direct impacts on future electricity rates, but it does not address all
the ecological and socio-economic concerns posed by greenhouse gas emissions.
Regulators should consider other policy mechanisms to account for the remaining
pervasive impacts associated with greenhouse gas emissions.
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1. Introduction

Climate change is not only an “environmental” issue. It is at the confluence of energy
and environmental policy, posing challenges to national security, economic prosperity,
and national infrastructure. Many states do not require greenhouse gas reductions, nor do
Wwe yet have a federal policy requiring greenhouse gas reductions in the United States;
thus many policy makers and corporate decision-makers in the electric sector may be
tempted to consider climate change policy a hazy future possibility rather than a current
factor in resource decisions. However, such a “wait and see™ approach is imprudent for
resource decisions with horizons of more than a few years. Scientific developments,
policy initiatives at the local, siate, and federal level, and actions of corporate leaders, all
indicate that climate change policy will affect the electric sector — the question is not
“whether” but “when,” and in what magnitude.

Attention to global warming and its potential environmental, economic, and social
impacts has rapidly increased over the past few years, adding to the pressure for
comprehensive climate change policy in the United States The April 3, 2006 edition of
TIME Megazine reports the results of a new survey conducted by TIME, ABC News and
Stanford University which reveals that more than 80 percent of Americans believe global
warming is occurring, while nearly 90 percent are worried that warming presents &
serious problem for future generations. The poll reveals that 75 percent would like the
Us government, us busm&sses and the American people to take further action on global
warmmg in the next year 2

In the past several years, climate change has emerged as a significant financial risk for
companies. A 2002 report from the investment community identifies climate change as
representmg a potential multi-billion doller risk to a variety of US businesses and X
industries.” Addressing climate change presents particular risk and opportunity to the
electric sector. Because the electric sector (and associated emissions) continue to grow,
and because controlling emissions from large point sources (such as power plants) is
easier, and often cheaper, than small disparate sources (like automobiles), the electric
sector is likely to be a prime component of future greenhouse gas regulatory scenarios.
The report states that “climate change clearly represents a major strategic issue for the
electric utilities industry and is of relevance to the long-term evolution of the industry and
possibly the survival of individual companies.” Risks to electric companies include the
following: :

« Cost of reducing greenhouse gas emissions and cost of investment in new, cleaner
power production technologies and methods;

+ Higher maintenance and repair costs and reliability concerns due to more frequent
weather extremes and climatic disturbance; and

* TIME/ABC News/Stanford University Poll, appearing in April 3, 2006 issue of Time Magazine.

* Innovest Strategic Value Advisors; “Value at Risk: Climate Change and the Future of Governance;” The
Coalition for Environmentally Responzible Economies; April 2002,
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» Growing pressure from customers and sharcholders to address emissions contributing
to climate change.!

A subsequent report, “Electric Power, Investors, and Climate Change: A Call to Action,”
presents the findings of a diverse group of experts from the power sector, environmental
and consumer groups, and the investment community. Parhcxpants in this dialogue
found that greenhouse gas emissions, including carbon dioxide emissions, will be
regulated in the United States; the only remaining issue is when and how. Participants
also agrecd that regulation of greenhouse gases poses financial risks and opportunities for
the electric sector. Managing the uncertain policy environment on climate change is
identified as “one of a number of significant environmental challenges facing electric .
company executives and investors in the next few years as well as the decades to come.™
One of the report’s four recommendations is that investors and electric companies come
together to quantify and assess the financial risks and opportunities of climate change.

In a 2003 report for the World Wildlifc Fund, Innovest Strategic Advisors determined
that climate policy is likely to have important consequences for power generation costs,
fuel choices, whalesale power prices and the profitability of utilities and other power
plant owners.’ The report found that, even under conservative scenarios, additional costs
could exceed 10 percent of 2002 earnings, though there are also significant opportunities.
While utilities and non-utility generation owners have many options to deal with the
impact of increasing prices on CO,emissions, doing nothing is the worst option. The
report concludes that a company’s profits could even increase with astute resource
decisions (including fuel switching or power plant replacement).

Increased CO; emissions from fossil-fired power plants will not only increase
environmental damages and challenges to socio-economic systems; on an individual
company level they will also increase the costs of complying with future regulations -
costs that are likely to be passed on to all customers. Power plams built today can
generate electricity for as long as 50 years or more into the firture.?

As illustrated in the table below, factoring costs associated with future regulations of
carbon dioxide has an impact on the costs of resources. Resources with higher CO-
emissions have a higher CO; cost per megawatt-hour than those with lower emissions.

4 Ibid., pages 45-48.
* CERES; “Electric Power, Investors, and Climate Change: A Call to Action;” Sepiember 2003.
& v

Ibid,, p. 6

7 Innovest Strategic Value Advisors; “Power Switch: Impacts of Climate Change on the Global Power
Sector;” WWT International; November 2003

® Biewaid et. al.; “A Responsible Electricity Future: An Efficient, Cleaner and Balanced Scenario for the
US Electricity System;” prepared for the National Association of State PIR(Gs; June 11, 2004,
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Table 1.1. Comparison of CQ; costs per MWh for Various Resources

Scrubbed Coal Scrubbed Ceoal Combined Source

Resource (Bit) (Sub) IGCC Cycle Notes
Size 600 - 600 550 400 i

CO; (IWMMBtn) 205.45 212.58 205.45 116.97 2,3
Heat Rate
{(Btwk'Wh) 8844 8844 8309 7196 1
C(}; Price .
(20058/ton) 19.63 19.53 19.63 19.63 4
CO, Cost per
MWh $17.83 $18.45 $16.75 $8.26

1 - From AEQ 2006

2 - From EIA's Electric Power Armual 2004, page 76

3 - IGCC emission rate assumed to be the same as the bituminous scrubbed coal rate

4 - From Synapse’s carbon emissions price forecast levelized from 2010-2040 ar a 7.32%6 real discount rage

Many trends in this country show increasing pressure for a federal policy requiring
greenhouse gas emissions reductions. Given the strong likelihood of future carbon
regulation in the United States, the contributions of the power sector to our nation’s
greenhouse gas emissions, and the long lives of power plants, utilities and non-utility
generation owners should include carbon cost in all resource evaluation and planning.

The purpose of this report is to identify a reasonable basis for anticipating the likely cost
of future mandated carbon emissions reductions for use in long-term resource planning
decisions.” Section 2 presents information on US carbon emissions. Section 3 describes
recent scientific findings on climate change. Section 4 describes international efforts to
" address the threat of climate change. Section 5 summarizes various initiatives at the
state, regional, and corporate level to address climate change. Finally, section 6
summarizes information that can form the basis for forecasts of carbon allowance prices;
and provides a reasonable carbon allowance price forecast for use in resource planning
and investment decisions in the electric sector. '

2. Growing scientific evidence of climate change

In 2001 the Intergovernmental Panel on Climate Change issued its Third Assessment
Report.'® The report, prepared by hundreds of scientists worldwide, conchided that the
earth is warming, that most of the warming over the past fifty years is attributable to
human activities, and that average surface temperature of the earth is likely to increase

® This paper focuses on anticipating the cost of future emission reduction requirements. This paper does
not address the determination of an “extemality value™ associated with greenhouse gas emissions. The
externality value would include societal costs beyond those internalized into market costs through
regulation. While this report refers to the ecological and socio-economic impacts of climate change,
estimation of the external costs of greenhouse gas emissions is beyond the scope of this analysis.

1 Intergovernmental Panel on Climate Change, Third Assessment Report, 2001,
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between 1.4 and 5.8 degrees Centigrade during this century, with a wide range of impacts
on the natural world and human societies.

Scientists continue to explore the possible impacts associated with temperature increase
of different magnitudes. In addition, they are examining a variety of possible scenarios to
determine how much the temperature is likely to rise if atmospheric greenhouse gas
concentrations are stabilized at certain levels. The consensus in the international
scientific community is that greenhouse gas emissions will have to be reduced
significantly below current levels, This would correspond to levels much lower than
those limits underlying our CO; price forecasts. In 2001 the Intergovernmental Panel on
Climate Change reported that grecnhouse gas emissions would have to decline to a very
small fraction of current emissions in order to keep global warming in the vicinity of a 2-
3 degree centigrade temperature increase.'

Since 2001 the evidence of climate change, and human contribution to climate change, is
even more compelling. In June 2005 the National Science Academies from eleven major
nations, inclu_dmg the United States, issued a Joint Statement on a Global Response to
Climate Change.™ Among the conclusions in the statement were that

¢ Significant global warming is occurring;

e Itis likely that most of the warming in recent decades can be aftributed to
human activities;

» The scientific understanding of climate change is now sufficiently clear to .
justify nations taking prompt action;

» Action taken now to reduce significantly the build-up of greenhouse gases
in the atmosphere will lessen the magnitude and rate of climate change;

» The Joint Academies urge all nations to take promp¢ action to reduce the
causes of climate change, adapt to its impacts and ensure that the issue is
included in all relevant national and international strategies.

There is increasing concern in the scientific community that the earth may be more
sensitive to global warming than previously thought. Increasing attention is focused on
understanding and avoiding dangerous levels of climate change. A 2005 Scientific
Symposium on Stabilization of Greenhouse Gases reached the following conclusions:”

"' IPCC, Climate Change 2001 : Synthesis Repert, Fourth Volume of the IPCC Third Assessment Report.
IPCC 2001, Question 6.

R Joint Science Academies’ Statement: Global Response to Climate Change, National Academies of Brazil,
Canada, China, France, Germany, India, Italy, Japan, Russia, United Kingdom, and United States, June
7, 2005.

UK Department of Environment, Food, and Rural Affalrs, Avoiding Dangerous Climate Change —
Scientific Symposium on Stabilization of Greenhouse Gases, February I-3, 2005 Exeter, UK. Report of
the }nrema:mnal Scremrﬁc Sreering Cammm‘ee May 2005.

s C Re;
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o There is greater clarity and reduced uncertainty about the impacts of
climate change across a wide range of systems, sectors and societies. In
many cases the risks are more serions than previously thought.

s Surveys of the literature suggest increasing damage if the globe warms
about 1 to 3°%C above current levels. Serious risk of large scale, irreversible
system disruption, such as reversal of the land carbon sink and possﬂ:le
de-stabilisation of the Antarctic ice sheets is more likely above 3°C.

¢ Many climate impacts, particularly the most damaging ones, will be
~ associated with an increased frequency or intensity of extreme events
(such as heat waves, storms, and droughts).

e Different models suggest that delaying action would require greater action °
later for the same temperature target and that even a delay of 5 years could
be significant, If action to reduce emissions is delayed by 20 years, rates
of emission reduction may need to be 3 to 7 times greater.to meet the same
temperature target.

As scientific evidence of climate change continues to emerge, including unusually high
temperatures, increased storm intensity, melting of the polar icecaps and glaciers
worldwide, coral bleaching, and sea level rise, pressure will continue to mount for
concerted govemnmental action on climate change.'

3. US carbon emissions

The United States contributes more than any other nation, by far, to global greenhouse
gas emissions on both a total and a per capita basis. The United States contributes 24
percent of the world CO; emissions from fossil fuel consumption, but has only 4.6
percent of the population. According to the International Energy Agency, 80 percent of
2002 global energy-related CO, emissions were emitted by 22 countries — from all world
regions, 12 of which are OECD countries. These 22 countries also produced 80 percent of
the world’s 2002 economic output (GDP)} and represented 78 percent of the world’s Total
Primary Energy Supply.” Figure 3.1 shows the top twenty carbon dioxide emitters in the
world. '

" Several websites provide summary information on climate change science including www.ipcc.org
www.nrdc.org, www.ucsusa.org, and www climateark.org.
" International Encrgy Agency, “CO. from Fuel Combustion — Fact Sheet,” 2005
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Figure 3.1. Top Werldwide Emitters of Carbon Dioxide in 2003

| Source: Daia from EIA Table H.ico2 World Carbon Dioxide Emissions jfrom the Consumption and
| Flaring of Fossil Fuels, 1980-2003, July 11, 2005

. Emissions in this country in 2004 were roughly divided among three sectors:
transportation (1,%34 million metric tons CO;), electric generation (2,299 million metric
tons COy), and other (which includes commercial and industrial heat and process
applications — 1,673 million metric tons CO;). These emissions, largely attributable to
the burning of fossil fuels, came from combustion of oil (44%), coal (35.4%), and natural
gas (20.4%). Figure 32 shows emissions from the different sectors, with the electric
sector broken out by fuel source,
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Figure 3.2. US CO: Emissions by Sector in 2004
Source: Data from EIA Emissions of Greenhouse Gases in the United States 2004, December 2005

Recent analysis has shown that in 2004, power plant CO, emissions were 27 percent
higher than they were in 1990.'S US greenhouse gas emissions per unit of Gross
Domestic Praduct (GDP) fell from 677 metric tons per million 2000 constant dollars of
GDP (MTCOZeBMllhun GDP) in 2003 to 662 MTCO2e /$Million GDP in 2004, a
decline of 2.1 percent.”” However, while the carbon intensity of the US economy (carbon
emissions per unit of GDP) fell by 12 percent between 1991 and 2002, the carbon .
mtensnty of the electric power sector held steady This is because the carbon efficiency
gains from the construction of efficient and relatively clean new natural gas plants have
been offset by increasing reliance on existing coal plants. Since federsl acid rain
legislation was enacted in 1990, the average rate at which existing coal plants are
operated increased from 61 percent to 72 percent. Power plant CO; emissions are
concentrated in states along the Chio River Valley and in the South. Five states — Indiaria,
Ohio, Pennsylvania, Texas, and West Virginia — are the source of 30 percent of the
clectric power industry’s NO, and CO; emissions, and nearly 40 percent of its SO; and
mercury emissions.

' E1A, “Emissions of Greenhouse Gases in the United Sates, 2004;” Energy Information Administration;
December 2005, xiii

""E1A Emissions of Greenhouse Gases in the United States 2004, December 2005,

'* Goodman, Sandra; “Benchmarking Air Emissions of the 100 Largest Electric Generation Owners in the
US - 2002.” CERES, Natural Resources Defense Council (NRDC), and Public S8ervice Enterprise Group
lnmrpnmted (PSEG), April 2004. An updated “Benchmarking Study™ has been released: Goodman,
Sandra and Walker, Michael. “Benchmarking Air Emissions of the 100 Largest Electric Generation
Owmers in the US - 2004.” CERES, Matural Resources Defense Council (NRDC), and Public Service
Enterprise Group Incorporated (PSEG). April 2005,
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4. Governments worldwide have agreed to respond to
climate change by reducing greenhouse gas emissions

The prospect of global warming and associated climate change has sgpurred one of the
‘most comprehensive international treaties on environmental issues.!” The 1992 United
Nations Framework Convention on Climate Change has almost worldwide membership;
and, as such, is one of the most widely supported of all international environmental
agreements.”’ President George H.W. Bush signed the Conveation in 1992, and it was
ratified by Congress in the same year. In so doing, the United States joined other nations
in agreeing that “The Parties should protect the climate system for the benefit of present
and future generations of humankind, on the basis of equity and in accordance with their
common but differentiated responsibilities and respective lt>.°.1p£lbilities..”21 Industrialized
nations, such as the United States, and Economies in Transition, known as Annex ]
countries in the UNFCCC, agree to adopt climate change policies to reduce their
greenhouse gas emissions. 2 Industrialized countries that were members of the
Organization for Economic Cooperation and Development (OECD) in 1992, called
Annex 11 countries, have the further obligation to assist developing countries with
emissions mitigation and climate change adaptation. '

Followirig this historic agreement, most Parties to the UNFCCC adopted the Kyoto
Protacol on December 11, 1997. The Kyoto Protocol supplements and strengthens the
Convention; the Convention continues as the main focus for intergovernmental action to
combat climate change. The Protocol establishes legally-binding targets to limit or
reduce greenhouse gas emissions.” The Protocol also includes various mechanisms to cut
emissions reduction costs. Specific rules have been developed on emissions sinks, joint
implementation projects, and clean development mechanisms. The Protocol envisions a
long-term process of five-year commitment periods. Negotiations on targets for the
second commitment period (2013-2017) are beginning.

The Kyoto targets are shown below, in Table 4.1. Only Parties to the Convention that
have also become Parties to the Protocol (i.e. by ratifying, accepting, approving, or
acceding to it), are bound by the Protocol’s commitments, following its entry into force in

'* For comprehensive information on the UNFCC and the Kyoto Pratacol, see UNFCC, “Caring for
Climate: a guide to the climate change convention and the Kyoto Protocol,” issued by the Climate
Change Secretariat (UNFCC) Bonn, Germany. 2003. This and other publications are available at the
UNFCCC’s website: hitp://unfeee.int/,

% The First World Climate Conference was held in 1979, In 1988, the World Meteorological Society and
the United Nations Environment Programme created the Intergovernmental Parel on Climate Change to
evaluate scientific information on climate change. Subsequently, in 1992 countries around the world,
including the United States, adopted the United Nations Framework Convention on Climate Change.

2! From Article 3 of the United Nations Framework Convention on Climate Change, 1992,

% One of obligations of the United States and other industrialized nations is to a National Report describing:
actions it is taking to implement the Convention

? Greenhouse gases covered by the Protocol are 0Oz, CH,, N;0, HFCs, PFCs and SF.
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February 2005.2* The individual targets for Annex I Parties add up to a total cut in
greenhouse-gas emissions of at least 5 percent from 1990 levels in the commitment
period 2008-2012.

Only a few industrialized countries have not signed the Kyoto Protocol; these countries
include the United States, Australia, and Monaco. Of these, the United States is by far
the largest emitter with 36.1 percent of Annex I emissions in 1990; Australia and Monaco
were responsible for 2.1 percent and less than 0.1 percent of Annex 1 emissions,
respectively. The United States did not sign the Kyoto protocol, stating concemns over
impacts on the US economy and absence of binding emissions targets for countries such
as India and China, Many developing countries, including India, China and Brazil have
signed the Protocol, but do not yet have emission reduction targets.

In December 2005, the Parties agreed to final adoption of a Kyoto "rulebook" and a two-
track approach to consider next steps. These next steps will include negotiation of new
binding commitments for Kyoto's developed country parties, and, & nonbinding "dialogue
on long-term cooperative action” under the Framework Convention.

Table 4.1. Emission Reduction Targets Under the Kyoto Protocol™

Target: change in emissions from
Country 1990%* fevels by 20082012
EU-15*, Bulgaria, Czech Republic, Estonia, Latvia, Liechtenstein, 8%
Lithuania, Monnco, Romania, Slovakia, Slovenia, Switzerland
United States*¥* - 7%
Canada, Hungary, Japan, Poland 6%
Croatia -5%
New Zealand, Russian Federation, Ukraine ) 0
Norway +1%
Australia®** +8% -
fceland +10%%

* The EU's 15 member States will redisivibute their 1argets among themselves, as allowed under the
Protocol The EUf has already reached agreement on how its rargets wifl be redistribured.

*% Some Economies In Transition have a baseline other than 1990.

**2 The United Siates and Australia have indicated their intention not to ratfy the Kyoto Pratocol.

As the largest single emitter of greenhouse gas emissions, and as one of the only
industrialized nations not to sign the Kyoto Protocol, the United States is under
significant international scrutiny; and pressure is building for the United States to take
more initiative in addressing the emerging problem of climate change. In 2005 climate
change was a priority at the G8 Summit in Gleneagles, with the G8 leaders agreeing to
“act with resolve and urgency now” on the issue of climate change.® The leaders

# Entry into force required 55 Parties to the Convention to ratify the Protocol, including Annex [ Parties
accounting for $5 percent of that group’s carbon dioxide emissions in 1990, This threshold was reached
when Russia ratified the Protocol in November 2004. The Protocol entered imto force February 16, 2005.

# Background information at: hitpz//unfccc.im/essential background/kyoto_protocol/items/3145.php

# G8 Leaders, Climate Change, Clean Energy, and Sustainable Development, Political Statement and
Action Plan from the G8 Leaders’ Communiqué at the G8 Summit in Glencagles UK., 2005. Available
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reached agreement that greenhouse gas emissions should slow, peak and reverse, and that
the G8 nations must make “substantial cuts™ in greenhouse gas emissions, They also
reaffirmed their commitment to the UNFCCC and its objective of stabilizing greenhouse
gas concenirations in the atmosphere at a level that prevents dangerous anthropogenic
interference with the climate system. '

The EU has already adopted goals for emissions reductions beyond the Kyoto Protocol.
The EU has stated its commitment to limiting §_}obal surface temperature increases to 2
degrees centigrade above pre-industrial levels.*’ The EU Environment Council concluded
in 2005 that to meet this objective in an equitable manner, developed countries should
reduce emissions 15-30% below 1990 levels by 2020, and 60-80% below 1990 levels by
2050. A 2005 report from the European Environment Agency concluded that a 2 degree
centigrade temperature increase was likely to require that global emissions increases be
limited at 35% above 1990 levels by 2020, with a reduction by 2050 of between 15 and
50% below 1990 levels.”® The EU has committed to emission reductions of 20-30%
below 1950 levels by 2020, and reduction targets for 2050 are still under discussion.”

5. Legislators, state governmental agencies,
shareholders, and corporations are working to reduce
greenhouse gas emissions from the United States

There is currently no mandatory federal program requiring greenhouse gas emission
reductions. Nevertheless, various federal legislative proposals are under consideration,
and President Bush has acknowledged that humans are contributing to global warming.
Meanwhile, state and municipal governments (individually and in cooperation), are
leading the development and design of climate policy in the United States.
Simultaneously, companies in the electric sector, acting on their own initiative or in
compliance with state requirements, are beginning to incorporate future climate change
policy as a factor in resource planning and investment decisions. ,

at:
http:// 8 sov.uk/serviet/Front? am Market/Xcelerate/ShowPage&.c=P cid=1094
5520309

¥ Council of the European Union, /nformation Note — Brussels March 10, 2005,
hitp:/fue.eu.int/uedocs/cmsUpload/st) 7242 en0S pdf

% European Environment Agency, Cltmate Change and a European Low Carbon Energy System, 2005.
EEA Report No 1/2005. 188N 1725-9177.
hitp://reports.eca europa.eu/een report 2005 _1/ep/Climaie change-FINAL-web.pdf

% Ibig; and European Parliament Press Release “Winning the Battle Against Climate Change™ November
17, 2005. J/ierarw.europar|.europa.cu/n infopr e/064-2439- 1-46-911-
20051 1171PR02438-16- 1 1-2005-2005-falge/default_en.btm .
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5.1 Federal initiatives

With ratification of the United Nations Framework Convention on Climate Change in
1992, the United States agreed to a goal of “stabilization of greenhouse gas
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic
interference with the climate system,”® To date, the Federal Government in the United
States has not required greenhouse gas emission reductions, and the question of what
constitutes a dangerous level of human interference with the climate system remains
unresolved. However, legislative initiatives for 2 mandatory market-based greenhouse
gas cap and trade program are under consideration,

To date, the Bush Administration has relied on voluntary action. In July 2005, President
Bush changed his public position on causation, aclmow]edg_‘mg that the earth is warming
and that human actions are contributing to global warming.” That summer, the
Administration launched a new climate change pact between the United States and five
Asian and Pacific nations aimed at stimulating technology development and inducing
private investments in low-carbon and carbon-free technologies. The Asia-Pacific
Partnership on Clean Development and Climate — signed by Australia, China, India,
Japan, South Korea and the United States — brings some of the largest greenhouse gas -
emitters together; however its reliance on voluntary measures reduces its effectiveness.

The legislative branch has been more active in exploring mandatory greenhouse gas
reduction policies. In June 2005, the Senate passed a sense of the Senate resolution
recognizing the need to enact a US cap and trade program to slow, stop and reverse the

‘growth of greenhouse gases. *

* The UNFCC was signed by President George H. Bush in 1992 and ratified by the Senate in the same
year, )

¥ “Bush acknowledges human contribution 1o global warming; calls for post-Kyoto strategy.” Greenwire,
July 6, 2005,

2YS Senate, Sense of the Senate Resolution on Climate Change, US Senate Resclution 866; June 22, zoas
Avmlabie at
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Sense of the Senate Resolution — June 2005

It is the sense of the Senate that, before the end of the 109th
Congress, Congress should enact a comprehensive and effective
national program of mandatory, market-based limits on emissions
of greenhouse gases that slow, stop, and reverse the growth of
such emissions at a rate and in a manner that '

(1) will not significantly harm the United States economy; and

(2) will encourage complementary action by other nations that are
major trading partners and key contributors to global emissions.

This Resolution built upon previous areas of agreement in the Senate, and provides a
| foundation for future agreement on a cap and trade program. On May 10, 2006 the
| House Appropriations Committee adopted very similar language supporting a mandat oray
cap on greenhouse gas emissions in a non-binding amendment to a 2007 spending bill.}
\
|

Several mandatory emissions reduction proposals have been introduced in Congress.
. These proposals establish emission trajectories below the projected business-as-usual
emission trajectories, and they generally rely on market-based mechanisms (such as cap
and trade programs) for achieving the targets. The proposals also include various
| provisions to spur technology innovation, as well as details pertaining to offsets,
allowance allocation, restrictions on allowance prices and other issues. Through their
| consideration of these proposals, legislators are increasingly educated on the complex
details of different policy approaches, and they are laying the groundwork for a national
mandatory program. Federal proposals that would require greenhouse gas emlsswn
reductions are summarized in Table 5.1, below.

. * “House appropriators OK resolutian on need to cap emissions,” Greenwire, May 10, 2005.
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Table 5.1. Summary of Federal Mandatory Emission Reduction Proposals

Proposed Title or Year Proposed | Emission Targets | Sectors Covered
National Policy Description
McCain Climate 2003 Cap at 2000 levels | Economy-wide,
Lieberman S.139 Stewardship Act 2010-2015. Cap at large amitting
1590 levels sources
beyond 2015,
McCain Climate 2005 Cap at 2000 levels | Economy-wide,
Lieberman SA Stewardship Act large emitting
2028 sources
Bingaman- Greenhiouse Gas 2004 Reduce GHG Econcmy-wide,
Domenici (NCEP) Intensity intenshty by large emitting
Reduction Goals 2.4%fyr 2010- SOUrces
2019 and by
2.8%fyr 2020-
2025. Safety-
valve on allowance
price
Sen. Feinstgin Strong Economy 2006 Stabilize emissions | Economy-wide,
and Climate through 2010; large emitting
Protection Act 0.5% cut per year Sources
from 2011-15; 1%
cut per year from
2016-2020. Total
reduction is 7.25%
below current
levels.
Jeffords S. 150 Multi-pollutant 2005 2050 billion tons | Existing and new
legislation beginning 2010 fossii-fuel fired
electric generating
plants >15 MW
Carper 8, 343 Clean Air Planning 2005 2006 levels {2.655 | Existing and new
Act ’ billion tons CO2} fossil-fusl fired,
starting in 2009, nuclear, and
2001 levels (2.454 | renewable electric
billion tons CO2) | generating plants
starting in 2013, >25 MW
Rep. Udall - Rep. Keep America 2006 Establishes Not available
Petri Competitive prospective
Global Warming baseline for
Policy Act greenhouse gas
emissjons, with
_safety valve.

Landmark legislation that would regulate carbon, the Climate Stewardship Act (5.139),
was introduced by Senators McCain and Lieberman in 2003, and received 43 votes in the
Senate. A companion bill was introduced in the House by Congressmen Olver and
Gilchrest. As initially proposed, the bill created an economy-wide two-step cap on
greenhouse gas emissions. The bill was reintroduced in the 109™ Congress on February
10, 2005; the revised Climate Stewardship Act, SA 2028, would create a national cap and
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trade program to reduce CO:z to year 2000 emission levels over the period 2010 to 2015.
Other legislative initiatives on climate change were also under consideration in the spring
of 2005, including a proposal by Senator Jeffords (D-VT) to cap greenhouse gas
emissions from the electric sector (8. 150), and an electric sector four-pollutant bill from
Senator Carper (D-DE) (S. 843).

In 2006, the Senate appears to be moving beyond the question of whether to regulate
greenhouse gas emissions, to working out the details of how to regulate greenhouse gas
emissions. Senators Domenici (R-NM) and Bingaman (D-NM) are working on bi-
partisan legislation based on the recotmmendations of the National Commission on
Energy Policy (NCEP). The NCEP — a bipartisan group of enetgy experts from industry,
government, labor, academia, and environmental and consumer groups — released a
consensus strategy in December 2004 to address major long-term US energy
challenges. Their report recommends a mandatory economy-wide tradable permits
" program to limit GHG. Costs would be capﬂed at $7/metric ton of CO» equivalent in
2010 with the cap rising 5 percent annually.™ The Senators are investigating the details
of creating a mandatory economy-wide cap and trade system based on mandatory
reductions in greenhouse gas intensity (measured in tons of emissions per dollar of GDP).
In the spring of 2006, the Senate F.nergy and Natural Resources Committee held hearings
to develop the details of a proposal.*® During these hearings many companies in the
electric power sector, such as Exelon, Duke Energy, and PNM Resources, expressed
support for a mandatory national greenhouse gas cap and trade program.*®

Two other proposals in early 2006 have added to the detail of the increasingly lively
discussion of federal climate change strategies. Senator Feinstein (D-CA) issued a
proposal for an economy-wide cap and trade system in order to further spur debate on the
issue.”’ Senator Feinstein’s proposal would cap emissions and seek reductions at levels
largely consistent with the original McCain-Lieberman proposal. The most recent
proposal to be added to the discussion is one by Reps. Tom Udall (D-NM) and Tom Peiri
(R-WI). The proposal includes a market-based trading system with an emissions cap to
be established by the EPA about three years after the bill becomes law. The bill includes
provisions to spur new research and development by setting aside 25 percent of the
trading system's allocations for a new Energy Department technology program, and 10
percent of the plan's emission allowances to the State Department for spending on zero-
carbon and low-carbon projects in developing nations. The bill would regulate
greenhouse gas emissions at "upstream” sources such as coal mines and oil imports. Also,

* National Commission on Energy Policy, Ending the Energy Stafemate, December 2004, pages 19-29.

* The Senators have issued a white paper, inviting comments on various aspects of a greenhouse gas
regulatory system. See, Senator Pete V. Domenici and Senator Jeff Bingaman, “Design Elements of a
Mandatory Market-based Greenhouse Gas Regulatory System,” issned February 2, 2006,

% All of the comments submitted to the Senate Energy and Natural Resources Committee are available at:

*" Letter of Senator Feinstein announcing “Smmg Economy and Climate Protection Act of 2006,” March
20, 2006.
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it would establish a "safety valve” initially limiting the price of a ton of carbon dioxide
emission to $25.%

Figure 5.1 illustrates the anticipated emissions trajectories from the economy-wide
proposals - though the most recent proposal in the House is not included due to its lack of
a specified emissions cap.
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Figure 5.1. Emission Trajectories of Proposed Federal Legislation

Anticipated emissions trojeciories from federal proposals for economp-wide greevhouse gas cap and irade
proposals (McCain Lieberman S.13% Climate Stewardshlp Act 2003, McCain-Lieberman SA 2028 Citmate
Stewardship Act 2005, National Commission on Energy Policy greenhouse gas emissions imtensity cap, and
Senalor Feinstein's Strong Economy and Climate Protection Act). ElA Reference trafectory is a composite
of Reference cases in EIA analyses of the above policy proposals.

The emissions trajectories contained in the proposed federal legislation are in fact quite
modest compared with emissions reductions that are anticipated to be necessary to
achieve stabilization of atmospheric concentrations of greenhouse gases at levels that
correspond to temperature increase of about 2 degrees centigrade. Figure 5.2 compares
various emission reduction trajectories and goals in relation to a 1990 baseline. US
federal proposals, and even Kyoto Protocol reduction targets, are small compared with
the current EU emissions reduction target for 2020, and emissions reductions that will
ultimately be necessary to cope with global warming.

% Press retease, “Udall and Petri introduce legislation to curb global warming,” March 29, 2006.
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Figure 5.2 Comparison of Emission Reduction Goals

Figure compares emission reduciion goals with 1990 as the baseline. Kyoto Protocol target for the United
States would have been 7% below 1990 emissions levels. EU wwrget is 20-30% below 990 emissians
levels. Stabilization largel represents a reduction of 80% below 1990 levels. While there is ro
international agreement on the level at which emissions concentrations should be stabilized, and the
emissions trajectory to achieve a siabilization target is not determined, reductions of 80% below 1990
levels indicates the magnitude of emissions reductions that are currently anticipated io be mecessary.

As illustrated in the above figure, long term emission reduction goals are likely to be,
much more aggressive than those contained in federal policy proposals to date. Thus it is
likely that cost projections will increase as targets become more stringent.

While efforts continue at the federal level, some individual states and regions are
adopting their own greenhouse gas mitigation policies. Many corporations are also
taking steps, on their own initiative, pursuant to state requirements, or under pressure
from shareholder resolutions, in anticipation of mandates to reduce emissions of
greenhouse gases. These efforts are described below.

5.2 State and regional policies

Many states across the country have not waited for federal policies and are developing
and implementing climate change-related policies that have a direct bearing on resource
choices in the electric sector. States, acting individually, and through regional
coordination, have been the leaders on climate change policies in the United States.
Generally, policies that individual states adopt fall into the following categories: (1)
Direct policies that require specific emission reductions from electric generation sources;
and (2) Indirect policies that affect eleciric sector resource mix such as through
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promoting low-emission electric sources; (3) Legal proceedings; or (4) Voluntary
programs including educational efforts and energy planning.

Table 5.2, Summary of Individual State Climate Change Policies

Type of Policy Examples

Direct
»  Power plant emission restrictions (e.g. cap or MA,NH

emission rate)
»  New plant emission restrictions OR, WA
*  State GHG reduction targets CT, NJ, ME, MA, CA, NM, NY, OR, WA
*  Fuel/generation efficiency CA vehicle emissions standards to be adopted

' by CT, NY, ME, MA, NJ, OR, PA, RI, VT,
WA

Indirect (clean energy)
¢ Load-based GHG cap CA
s  GHG in resource planning CA, WA, OR, MT,KY
e  Renewable portfolio standards 22 states and D.C.
+  Energy efficiency/renewable charges and More than haif the states

funding; energy efficiency programs
e Net metering, tax incentives 4] states

Lavwsuits

States, environmental groups sue EPA to
determine whether greenhouse gases can be
regulated under the Clean Air Act

States sue individual companies to reduce GHG
emissions

States include CA, CT, ME, MA, NM, NY,
OR, Rl VT, and W1

NY, CT, CA, 1A, NJ, BRI, VT, WI

Climate change action plans

28 states, with NC and AZ in progress

Several states have adopted direct policies that require specific emission reductions from
specific electric sources. Some states have capped carbon dioxide emissions from
sources in the state (through rulemaking or legislation), and some resirict emissions from
new sources through offset requirements. The California Public Utilities Commission
recently stated that it will develop a load-based cap on greenhouse gas emissions in the
electric sector. Table 5.3 summarizes these ditect policies.
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Table 3.3, State Policies Requiring GHG Emission Reductions From Power Plants

Program type State Description Date Source
Emissions limit MA Department of April 1,2001 310 C.M.R.
Environmental Protection 7.29
decision capping GHG
emissions, requiring 10
percent reduction from
historic baseline
Emissions limit NH NH Clean Power Act May 1, 2002 HB 284
Emissions limit on OR Standard for CQ,emissions Updated | OR Admin.
new plants from new electricity September 2003 | Rules, Ch.
generating facilities (base- |- 345,Div 24
load gas, and non-base load
generation)
Emissions limit on WA Law requiring new power March 1, 2004 RCW
new plants plants to mitigaie emissions 80.70.020
' - or pay for a portion of
emissions
Load-based CA Public Utilitics Commission February 17, D. 06-02-
emissions Jimit decision stating imtent to 2006 032in
establish load-based cap on docket R.
GHG emissions 04-04-003

Several states require that integrated utilities or default service suppliers evaluate costs or
risks associated with greenhouse gas emissions in long-range plarming or resource
procurement. Some of the states such as California recquire that companies use a specific
value, while other states require generally that companies consider the risk of future
regulation in their planning process. Table 5.4 summarizes state requirements for
consideration of greenhouse gas emissions in the planning process. :
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Table 3.4. Requirements for Consideration of GHG Emissions in Electric Resource

Decisions
Program L )
e State Description | Date Source
GHGvaluein | CA PUC requires that regulated utility April 1, 2005 CPUC Decision 05-04-024
resource IRPs include carbon adder of $8/ton
planning CO,, escalating at 5% per year.
GHG valuein [ WA Law requiring that cost of risks January, 2006 WAC 430-100-238 and 430-
TesoUrce associated with carbon emissions be 90-238
planning _ included in Integrated Resource
Planning for electric and gas
utilities
GHGvaluein | OR | PUC requires that regulated utility Year 1993 Order 93-693
resource IRPs include snalysis of & range of
planning carbon costs
GHG value in | NWPC | Inclusion of carbon tax scenarios in May, 2006 NWPCC Fifth Energy Plan
Tesource C Fifth Power Plan
plannin
GHG valyein | MN Law requires utilities to use PUC | Janvary 3, 1997 Order in Docket No. E-
TESQUTCEe established environmental 999/C1-93-583
planging externalities values in resource
planning
GHG in MT IRP statute includes an August 17, 2004 Written Comments
=l "Environmental Extcrnality ldentifying Concemns with
planning - Adjustment Factor” which includes NWE's Compliance with
risk due to greenhouse gases. PSC APRM, 38.5.8200.8229: Sec,
required Northwestemn o account 33.5.8219, ARM.
for financial risk of carhon dioxide
emissions in 2005 IRP.
GHG in KY KY staff reports on IRP require 2003 and 2005 Staff Report On the 2005
resource IRPs to demonstrate that planning Integrated Rescurce Plan
planning adequately reflects impact of future Report of Louisville Gas and
CO, restrictions Electric Company and
Kentucky Utilities Company
- Case 2005-00162, February
' 2006
GHG in ur Commission directs Pacificorp to June 18, 1992 Docket 90-2035-01, and
Tesource consider financial risk associated subsequent IRP reviews
planning with potential future regulations,
including carbon regulation
GHG in MN Commission directs Xcel to
resource “provide an expansion of CO2 | August 29, 2001 | Order in Docket No. RP0O-
planning contingency planning to check the 787
extent to which resource mix
changes can lower the cost of
meeting customer demand under
different forms of regulation.”
GHGinCON | MN Law requires that proposed non-
renewable generating facilitics 2005 Minn. Stat. §216B.243 subd.
consider the risk of environmental 3(12)
regulation over expected usefudl life
of the facility
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In June 2005 both California and New Mexico adopted ambitious greenhouse gas
emission reduction targets that are consistent with current scientific understanding of the
emissions reductions that are likely to be necessary to avoid dangerous human
interference with the climate system. In Califomnia, an Executive Order directs the state
to reduce GHG emissions to 2000 levels by 2010, 1990 levels by 2020, and 80 percent
below 1990 levels by 2050. In New Mexico, an Executive Order established statewide
goals to reduce New Mexico's total greenhouse gas emissions to 2000 levels by 2012, 10
percent below those levels by 2020, and 75 percent below 2000 levels by 2050, In
September 2005 New Mexico also adopted a legally binding agreement to lower
emissions through the Chicago Climate Exchange. More broadly, to date at least twenty-
eight states have developed Climate Action Plans that include statewide plans for
addressing climate change issues. -Arizona and WNorth Catolina are in the process of
developing such plans.

States are also pursuing other approaches, For example, in November 2003, the governor
of Pennsylvania announced a new program to modemize energy infrastructure through
replacement of traditional coal technology with advanced coal gasification technology.
Energy Deployment for a Growing Economy allows coal plant owners a limited time to
continue to operate without updated emissions technology as long as they make a
commitment by 2007 to replace older plants with IGCC by 2013.™ In September of 2005
the North Carolina legislature formed a commission to study and make recommendations
on voluntary GHG emissions controls. In October 2005, New Jersey designated carbon
dioxide as a pollutant, a2 necessary step for the state's participation in the Regional
Greenhouse Gas Initiative (described below).”

Finally, states are pursuing legal proceedings addressing greenhouse gas emissions.
Many states have participated in one or several legal proceedings to seek greenhouse gas
emission reductions from some of the largest polluting power plants. Some states have
also sought a legal determination regarding regulation of greenhouse gases under the
Clean Air Act. The most recent case involves 10 states and two cities suing the
Environmental Protection Agency to determine whether greenhouse gases can be
regulated under the Clean Air Act.”! The states argue that BPA’s recent emissions
standards for new sources should include carbon dioxide since carbon dioxide, as a major
contributor to global warming, harms public health and welfare, and thus falls within the
scope of the Clean Air Act.

While much of the focus to date has been on the electric sector, states are also beginning
to address greenhouse gas emissions in other sectors. For example, California has

* Press release, “Govemor Rendell's New Initiative, "The Pennsylvania EDGE,' Will Put Commonwealth's
Energy Resources to Wark to Grow Economy, Clean Environment,” November 28, 2005.

* Press release, “Codey Takes Crucial Step to Combat Global Warming,” October 18, 2005,

*' The states are CA, CT, ME, MA, NM, N, OR, RI, VT, and W1. New York City and Washington D.C.,
as well as the Matural Resources Defense Council, the Sierra Club, and Environmental Defense. New .
York State Attorney General Eliot Spitzer, “States Sue EPA for Violating Clean Air Act and Fajling to
Act on Global Warming,” press release, April 27, 2006.

Synapse Energy Economics - Climate Change and Electriclty Resource Planning Page 20



adopted emissions standards for vehicles that would restrict carbon dioxide emissions.
Ten other states have decided to adopt California’s vehicle emissions standards.

States are not just acting individuaily; there are several examples of innovative regional
policy initiatives that range from agreeing to coordinate information (e.g. Southwest
govemnors, and Midwestern legislators) to development of a regional cap and trade
program through the Regional Greenhouse Gas Initiative in the Northeast. These
regional activities are summarized in Table 5.5, below.

Table 5.5. Regional Climate Change Poliey Initiatives

Pr:;g;:m State - Description Date Source
Regional CT,DE, Regional Greenhouse Gas Initiative MQU Memorandum of
GHG MD, ME, /| capping GHG emissions in the region December Understanding
reduction Plan | NH, NJ, and establishing trading program 20, 2005, and Model Ruls
. NY, VT Model Rule
February
2006
Regional CA,OR, | West Const Governors' Climaie Change | September | StaffReportto
GHG WA Initiative 1 2003, Staff | the Govemors
reduction Plan report
November
. 2004
Regional . | NM, AZ Southwest Climate Change Initiative | February 28, Press release
GHG 2006
gogrdination
Regional IL, 1A, | Legistators from multiple staies agree to | February 7, Presg release:
legislative | MI,MN, | ooordinate regional initistives limiting 2006
coordination | OH, W1 global warming pollution
Regional New New England Governors and Eastern | August, 2001 | Memorandum of
Climate England, Canadian Premiers agreement for Understanding
Change Eastern comprehensive regional Climate
Action Plan Canada Change Action Plan, Targets are to

reduce regional GHG emissions to 1990
levels by 2010, at least 10 percent -
below 1990 levels by 2020, and long-
term reduction consistent with
elimination of dangerous threat to
climate (75-85 percent below current
levels),

Seven Northeastern and Mid-Atlantic states (CT, DE, ME, NH, NI, NY, and VT) reached

agreement in December 2005 on the creation of a regional greenhouse gas cap and trade
program. The Regional Greenhouse Gas Initiative (RGGI) is a multi-year cooperative
effort to design a regional cap and trade program initially covering CO; emissions from

power plants in the region. Massachusetts and Rhode Island have actively participated in

RGGI, but have not yet signed the agreement. Collectively, these states and
Massachusetts and Rhode Island (which participated in RGGI negotiations) contribute
9.3 percent of total US CO;, emissions and together rank as the fifth highest CO; emitter
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in the world. Maryland passed a law in April 2006 requiring participation in RGGL*
Pennsylvania, the District of Columbia, the Eastern Canadian Provinces, and New
Brunswick are official “observers” in the RGGI process.*

The RGGI states have agreed to the following:

» Stabilization of CO; emissions from power plants at current levels for the period
2009-2015, followed by a 10 percent reduction below current levels by 2019,

» Allocation of a minimum of 25 percent of allowances for consumer benefit and
strategic energy purposcs _

¢ Certain offset provisions that increase flexibility to moderate price impacts

¢ Development of complimentary energy policies to improve energy efficiency,
decreasi‘ the use of higher poliuting electricity gencration and to maintain economic
growth,

The states released a Model Rule in February 2006. The states must next consider
adoption of rules consistent with the Mode! Rule through their regular legislative and
regulatory policies and procedures.

Many cities and towns are also adopting climate change policies. Over 150 cities in the
United States have adopted plans and initiatives to reduce emissions of greenhouse gases,
setting emissions reduction targets and taking measures within municipal government
operations. Climate change was a major issue at the annual US Conference of Mayors
convention in June 2005, when the Conference voted unanimonsly to support a climate
protection agreement, which commits cities to the goal of reducing emissions seven
percent below 1990 levels by 2012.*° Warld-wide, the Cities for Climate Protection
Campaign (CCP), begun in 1993, is a global campaign to reduce emissions that cause
climate change and air pollution. By 1999, the campeign had engaged more than 350
local govermnments in this effort, who jointly accounted for approximately seven percent
of global greenhouse gas emissions.*°All of these recent activities contribute to growing
pressure within the United States to adopt regulations at a national level to reduce the -
emissions of greenhouse gases, particularly CO;. This pressure is likely to increase over
time as climate change issues and measures for addressing them become better

> Maryland Senate Bill 154 Healthy Air Act, signed April 6, 2006.
* Information on this effort is available at www rggi.ore

“ The MOU states “Each state will maintain and, where feasible, expand energy poticies to decrease the
use of less efficient or relatively higher polluting generation while maintaining economic growth. These
may include such measures as: end-use efficiency programs, demand response programs, distributed .
Eeneration policies, electricity rate designs, appliance efficiency standards and building codes. Also, each
state will maintain and, where feasible, expand programs thet encorrage development of nos-carbon
emifting electric generation and related technologies.” RGGI MOU, Section 7, December 20, 2005,

* the US Mayors Climate Protection Agreement, 2005. [nformation available at
http://www ci.seattle. wa.us/mayor/climste

“ Information on the Cities for Climate. Protection Campaign, including links to aver 150 cities that have
adopted greenhouse pas reduction measures, is available at hitp:/www.iclei.org/projserv. itmiccp
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understood by the scientific community, by the public, the private sector, and particularly
by clected officials.

5.3 Investor and corporate action

Several electric companies and other corporate leaders have supported the concept of a
mandatory greenhouse gas emissions program in the United States. For example, in
April 2006, the Chairman of Duke Energy, Paul Anderson, stated:

From a business perspective, the need for mandatory federal policy in the United
States to manage greenhouse gases is both urgent and real. In my view, voluntary
actions will not get us where we need to be. Until business leaders know what the
rules will be — which actions will be penalized and which will be rewarded — we
will be unable to take the significant actions the issue requlres

Similarly, in comments to the Senate Energy and Natural Resources Commitiee, the vice
president of Exelon reiterated the campany’s support for a federal mandatory carbon
policy, stating that “It is critical that we start now. We need the economic and regulatory
certainty to invest in a low-carbon energy future.”® Corporate leaders from other sectors
are also increasingly recognizing climate change as a significant policy issue that will
affect the economy and individual corporations. For example, leaders from Wal-Mart,

GE, Shell, and BP, have all taken pubhc positions supporting the development of
mandatory climate change policies.””

In a 2004 national survey of electric generating companies in the United States,
conducted by PA Consulting Group, about half the respondents believe that Congress
will enact mandatory limits on CO; emissions within five years, while nearly 60 percent
anticipate mandatory limits within the next 10 years. Respondents reptesented
companies that generate roughly 30 percent of US electricity.®® Similarly, in a 2005
survey of the North American electricity industry, 93% of respondents anticipate
increased pressure to take action on global climate change.”!

*' Paul Anderson, Chairman, Duke Energy, “Being (and Staying in Business): Sustainability from a
Colporate Leadershlp Perspectwe, April 6, 2006 speech m CER.ES Annual Conference, at:

8 Elizabeth Moler, Exelon VP,to the Sr.nale Energy and Namral R.esources Committee April 4, 2006,
quote:d in Grist, ews/muck/2006/04/1 4/gri Littl
® gee, ¢.g., Raymond Bracy. V.P. for Corporate Affairs, Wal-Mart, Comments to Senate Energy and
Natural Resources Committee hearings on the design of CO2 cap-and-trade system, April 4, 2006; David
Slump, GE Energy, General Manages, Global Marketing, Comments to Senate Energy and Natural
Resources Committee hearings on the design of CO2 cap-and-trade system, April 4, 2006; John Browne,
CEO of BP, “Beyond Kyoto,” Foreign Affairs, July/August 2004; Shell company website at
www.shell com.

¥ pA Consulting Group, “Environmental Survey 2004” Press release, October 22, 2004.

5! GF Energy, “GF Energy 2005 Electricity Outlook™ January 2005. However, it is interesting to note that
climate ranked ! 1™ among issues deemed important to individual companies.
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Some investors and corporate leaders have taken steps to manage risk associated with
climate change and carbon policy. Investors are gradually becoming aware of the
financial risks associated with climate change, and there is a growing body of literature
regarding the financial risks to electric companics and others associated with climate
change. Many investors are now demanding that companies take seriously the risks
‘associated with carbon emissions. Shareholders have filed a record number of global
“warming resolutions for 2005 for oil and gas companies, electric power producets, real
estate firms, manufacturers, financial institutions, and auto makers.* The resolutions
request financial risk disclosure and plans to reduce greenhouse gas emissions. Four
electric utilities — AEP, Cinergy, TXU and Southern — have all released reports on
climate risk following shareholder requests in 2004, In February 2006, four more US
electric power companies in Missouri end Wisconsin also agreed to prepare climate risk
reports.

State and city treasurers, labor pension fund officials, and foundation leaders have formed
the Investor Network on Climate Risk (INCR) which now includes investors controlling
$3 trillion in assets, In 2005, the INCR issued “A New Call for Action: Managing
Climate Risk and Capturing the Opportunities,” which discusses efforts to address.
climate risk since 2003 and identifies areas for further action. It urges institutional
investors, fund managers, companies, and government policymakers to mcrease their
oversight and scrutiny of the investment implications of climate change.>* A 2004 report
cites analysis indicating that carbon constraints affect market value — with modest
greenhouse gas controls reducing the market capitalization of many coal-dependent US
electric utilities by 5 to 10 percent, whlle a more stringent reduction target could reduce
their market value 10 to 35 percent. * The report recommends, as one of the steps that
company CEOs should pursue, integrating climate policy in strategic business planning to
mmaximize opportunities and minimize risks.
Institutional investors have formed The Carbon Disclosure Project (CDP), which is a:
forum for institutional investors to collaborate on climate change issues. Its mission is to
inform investors regarding the significant risks and opportunities presented by climate
change; and to inform company management regarding the serious concerns of
shareholders regarding the impact of these issues on company value. Involvement with
the CDP tripled in about two and a half years, from $10 trillioh under managements in

% «US Companies Face Record Number of Global Warming Shareholder Resolirtions on Wider Range of
Business Sectors,” CERES press release, February 17, 2005,

% “Four Electric Power Companies in Midwest Agree to Disclose Climate Risk,” CERES press retease
February 21, 2006. Companies are Great Plains Encrgy Inc. in Kansas City, MO, Alliant Energy in
Madison, WI, WPS Resources in Green Bay, W1 and MGE Energy in Madison, WI.

* 2005 Institutional Investor Summit, “A New Call for Action: Managing Climate Risk and Capturing the
Opportunities,” May 10, 2005. The Final Report from the 2003 Institutional Investors Summit on
Climate Risk, November 21, 2003 contains good summary information on risk associated with climate
change.

* Cogan, Douglas G.; “Investor Guide to Climate Risk: Action Plan and Resource for Plan Sponsors, Fund
Managers, and Corporations;™ Investor Responsibility Research Center; July 2004 citing Frank Dixon and
Martin Whittaker, “Valuing Corporate Environmental Performance: Innovest’s Evaluation of the Eiectric
Utilities Industry,” New York, 1999,
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Nov. 2003 to $31 trillion under management today.” The CDP released its third report -
in September 2005. This report continued the trend in the previous reports of increassd
participation in the survey, and demonstrated increasing awareness of climate change and
of the business risks posed by climate change. CDP traces the escalation in scope and
awareness — on behalf of both sighatories and respondents — to an increased sense of
urgency with respect to clxmate risk and carbon finance in the global business and
investment commumty

Findings in the third CDP report included:

s More than 70% of FT500 companies responded to the CDP information request, a

jump from 59% in CDP2 and 47% in CDP1.*®*

s More than 90% of the 354 responding FT500 companies flagged climate change
as posing commercial risks and/or opportunities to their business.

* 86% reported allacating management responsibility for climate change.
* 80% disclosed emissions data.

¢  63% of FT500 companies are taking steps to assess their climate risk and institute
strategies to reduce greenhouse gas emissions. i

The fourth CDP information request (CDP4) was sent on behalf of 211 institutional
investors with significant assets under management to the Chairmen of more than 1900
companies on February 1, 2006, including 300 of the largest electric utilities globally.

The California Public Employees’ Retirement System (CalPERS) announced that it will
use the influence made possible by its $183 billion portfolio to try to convince companies
it invests in to release information on how they address climate change. The CalPERS
board of trustees voted unanimously for the environmental initiative, which focuses on
the auto and utility sectors in addition to promoting investment in firms with good
environmental practices.%

Major financial institutions have also begun to incorporate climate change into their
corporate policy. For example, Goldman Sachs and JP Morgan support mandatory
market-based greenhouse gas reduction policies, and take greenhouse gas emissions into

~ accownt in their financial analyses. Goldman Sachs was the first global investment bank

to adopt a comprehensive environmental policy establishing company greenhouse gas

% Ses: htip:/Awww.cdproject.net/aboutus asp

¥ Innovest Strategic Value Advisors; “Climate Change and Sharehokier Value In 2004, second report of
the Carbon Disclosure Project; Innovest Strategic Value Advisors and the Carbon Disclosure Project;
May 2004,

8 £T 500 is the Financial Times” ranking of the top 500 companies ranked globally and by sector based on
market capital.
* CDP press release, September 14, 2005. Information on the Carbon Disclosure Project, including
reports, arc available at: http://www.cdproject netfindex.asp.

“ Gresmwire, February 16, 2005
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reduction targets and supporting a national policy to limit greenhouse gas emissions. %' JP
Morgan, Citigroup, and Bank of America have all adopted lending policies that cover a
variety of project impacts including climate change.

Some CEOQs in the electric industry have determined that inaction on climate change
issues is not good corporate strategy, and individual electric companies have taken steps
to reduce greenhouse gas emissions. Their actions represent increasing initiative in the
electric industry to address the threat of climate change and manage risk associated with
future carbon constraints. Recently, eight US-based utility companies have joined forces
to create the “Clean Energy Group,” This group’s mission is to seek “national four-
pollutant legislation that would, among other things... stabilize carbon emissions at 2001
levels by 2013."2  The President of Duke Enetgy urges a federal carbon tax, and states
that Duke should be a leader on climate change policy.®* Prior to its merger with Duke,
Cinergy Corporation was vocal on its support of mandatory national carbon regulation.
Cinergy established a target is to produce 5 percent below 2000 levels by 2010 — 2012,
AEP adopted a similar target. FPL Group and PSEG are both aiming to reduce total
emissions by 18 percent between 2000 and 2008.% A fundamental impediment to action
on the part of electric generating companies is the lack of clear, consistent, national
guidelines so that companies could pursue emissions reductions without sacrificing
competitiveness.

While statements such as these are an important first step, they are only a starting point,
and do not, in and of themselves; cause reductions in carbon emissions. It is important to
keep in mind the distinction between policy statements and actions consistent with those

" statements.

6. Anticipating the cost of reducing carbon emissions
in the electric sector

Uncertainty about the form of future greenhouse gas reduction policies poses a planning
challenge for generation-owning entities in the electric sector, including utilifies and non-
utility generators. Nevertheless, it is not reasonable or prudent to assume in resource
planning that there is no cost or financial risk associated with carbon dioxide emissions,
or with other greenhouse gas emissions. There is clear evidence of climate change,
federal legislation has been under discussion for the past few years, state and regional
regulatory efforts are currenily underway, investors are increasingly pushing for
companies to address climate change, and the electric sector is likely to constitute one of

% Goldman Sachs Environmental Palicy Framework,
htp://www.gs.com/our firm/our culture/ citi infenviro: licy frameworks
nvironmentalPolicy Framework.pdf

€ Jacobson, Sanne, Neil Numark and Paloma Sarria, “Greenhouse Gas Emissions: A Changing US
Climate,” Public Utilities Fortnightly, February 2003.

 Paul M. Anderson Letier to Shareholders, March 15, 2005.
% Thid. ’
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the primary elements of any future regulatory plan. Analyses of varfous economy-wide
policies indicate that a majority of emissions reductions will come from the electric
sector. In this context and policy climate, utilities and non-utility generators must
develop a reasoned assessment of the costs associated with expected emissions reductions
requirements. Including this assessment in the evaluation of resource options enables
companies to judge the robustness of a plan under a variety of potential circumstances.

This is particularly important in an industry where new capital stock usually has a
lifetime of 50 or more years. An analysis of capital cycles in the electric sector finds that
“external market conditions are the most significant influence on a firm’s decision to
invest in or decommission large pieces of physical capital stock.”® Failure to adequately
assess market conditions, including the potential cost increases associated with likely
regulation, poses a gignificant investment risk for utilities. It would be imprudent for any
company investing in plants in the electric sector, where capital costs are high and assets
are long-lived, to ignore policies that are inevitable in the next five to twenty years.
Likewise, it would be short-sighted for a regulatory entity to accept the valuation of
carbon emissions at no cost.

Evidence suggests that a utility’s overall compliance decisions will be more efficient if
based on consideration of several pollutants at once, rather than addressing pollutants
separately. For example, in a 1999 study EPA found that pollution control strategies to
reduce emissions of nitrogen oxides, sulfur dioxide, carbon dioxide, and mercury are
highly inter-related, and that the costs of control strategies are highly interdependent.®
The study found that the tota] costs of a coordinated set of actions is less than that of a
piecemeal approach, that plant owners will adopt different control strategies if they are
aware of multiple pollutant mqulrements and that combmed SO. and carbon emissions
reduction aptions lead to further emissions reductions.® 7 Similarly, in one of several
studies on multi-pollutant strategies, the Energy Information Administration (EIA) found
that using an integrated approach to NO,, Squ and COy, is likely to lead to lower total
costs than addressmg pollutants one at a time.*® While these studies clearly indicate that
federal emissions policies should be comprehenswe and address multiple pollutants, they
also demonstrate the value of including future carbon costs in current resource planning
activities.

There are a variety of sources of information that form a basis for developing a
reasonable estimate of the cost of carbon emissions for utility planning purposes. Useful
sources include recent market transactions in carbon markets, values that are currently
being used in utility planning, and costs estimates based on scenario modeling of
proposed federal legislation and the Regional Greenhouse Gas Initiative.

% Lempert, Popper, Resitar and Hart, “Capital Cycles and the Timing of Climate Change Pokicy.” Pew
Center on Global Climate Change, October 2002, page

% US EPA, Analysis of Emissions Reduction Options for the Electric Power Industry, March 1999,
% US EPA, Brigfing Report, March 1999.

% E1A, Analysis of Sirategies for Reducing Multiple Emissions from Power Plants: Sulfur Dioxide,
Nitrogen Oxides, and Carbon Dicxide. December 2000.
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6.1 International market transactions

Implementation of the Kyoto Protocol has moved forward with great progress in recent
years. Countries in the European Union (EU) are now trading carbon in the first
international emissions market, the EU Emissions Trading Scheme (ETS), which
officially launched on January 1, 2005. This market, however, was operating before that
time — Shell and Nuon entered the first trade on the ETS in February 2003. Trading
volumes increased steadily throughout 2004 and totaled approximately 8 million tons
CO; in that year, &

Prices for current- and near-term EU allowances (2006-2007) escalated sharply in 2005,
rising from roughly $11/on CO» (9 euros/ton-CO3) in the second half of 2004 and
leveling off at about $36/ton CO; (28 euros/ton- CO;) early in 2006. In March 2006, the
market price for 2008 allowances hovered at around $32/on CO; (25 euros/ton- COZ).”°
Lower prices in late April resulted from several countries’ announcements that their
emissions were lower than anticipated. The EU member states will submit their carbon
emission allocation plans for the period 2008-2012 in June. Market activity to date in the
EU Emissions trading system illustrates the difficulty of predicting carbon emissions
costs, and the financial risk potentially associated with carbon emissions.

With the US decision not to ratify the Kyoto Protocol, US businesses are unable to
participate in the international markets, and emissions reductions in the United States
have no value in international markets. When the United States does adopt a mandatory
greenhouse gas policy, the ability of US businesses and companies to participate in
international carbon markets will be affected by the design of the mandatory program.
For example, if the mandatory program in the United States includes a safety valve price,
it may restrict participation in international markets.”

6.2 Values used in electric resource planning

Several companies in the electric sector evaluate the costs and risks associated with
carbon emissions in resource planning. Some of them do so at their own initiative, as
part of prudent business management, others do so in compliance with state law or
regulation.

Some states require companies under their jurisdiction to account for costs and/or risks
associated with regulation of greenhouse gas emissions in resource planning. These
states include California, Oregon, Washington, Montana, Kentucky (throngh staff
reports), and Utah. Other states, such as Vermont, require that companies take into
account environmental costs generally. The Northwest Power and Conservation Council

% «“What determines the Price of Carbon,” Carbon Market Analyst, Point Carbar, October 14, 2004.
7 These prices ate from Evolution Express trade data, http://www.evomarkets.com/, accessed on 3/31/06.

"'See, ¢.g. Pershing, Jonathan, Comments in Response to Bingaman-Domenici Climate Change White
Paper, March 13, 2006, Sandalow, David, Comments in Response to Bingaman-Domenici Climate
Change White Paper, The Brookings Institution, March 13, 2006.
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includes varjous carbon scenarios in its Fifth Power Plan. For more information on these
requirements, see the section above on state policies.™

California has one of the most specific requirements for valuation of carbon in integrated
resource planning. The California Public Utilities Commission (PUC) requires
companies to include a carbon adder in long-term resource procurement plans. The
Commission’s decision requires the state’s largest electric utilities (Pacific Gas &
Electric, Southern California Edison, and San Diego Gas & Electric) to factor the
financial risk associated with greenhouse gas emissions into new long-term power plant
investments, and long-term resource plans. The Commission initially directed utilities to
include a value between $8-25/ton CO, in their submissions, and to justify their selection
of anumber,” In April 2005, the Commission adopted, for use in resource planning and
bid evaluation, a CO; adder of $8 per ton of CO; in 2004, escalating at 5% per year.

The Montana Public Service Commission specifically directed Northwest Energy to
evaluate the risks associated with greenhouse gas cmissions in its 2005 Integrated
Resource Plan (IRP).” In 2006 the Oregon Public Utilities Commission (PUC) will be
investigating its long-range planning requirements, and will consider whether a specific
carbon adder should be required in the base case (Docket UM 1056). '

Several electric utilities and electric generation companies have incorporated assumptions
about carbon regulation and costs in their long term planning, and have set specific
agendas to mitigate shareholder risks associated with future US carbon regulation policy.
These utilities cite a variety of reasons for incorporating risk of future carbon regulation
as a risk factor in their resource planning and evaluation, including scientific evidence of
human-induced climate change, the US electric sector emissions contribution to
emissions, and the magnitude of the financial risk of future greenhouse gas regulation.

Some of the companies believe that there is a high likelihood of federal regulation of
greenhouse gas emissions within their planning period. For example, Pacificorp states a
50% probability of a CO2 limit starting in 2010 and & 75% probability starting in 2011.
The Northwest Power and Conservation Council models a 67% probability of federal
regulation in the twenty-year planning period ending 2025 in its resource plan.
Northwest Energy states that CO, taxes “are no longer a remote possibility.”® Table 6.1
illustrates the range of carbon cost values, in $/ton CO,, that are currently being used in
the industry for both resource planning and modeling of carbon regulation policies.

72 For a discussion of the use of carbon values in integrated resource planning see, Wiser, Ryan, and
Bolinger, Mark; Balancing Cost and Risk: The Treatment of Renewable Energy in Western Utility
Resource Plans; Lawrence Berkeley National Laboratories; August 2005, TBNL-58450

7 California Public Utilities Commission, Decision 04-12-048, December 16, 2004
™ California Public Utilities Commission, Decision 05-04-024, April 2005.

> Montana Public Service Commission, “Written Comments Identifying Concerns with NWE's
Complisnce with A.R.M, 18.5.8209-8229,” August 17, 2004,

™8 Northwest Energy 2005 Electric Default Supply Resource Procurement Plan, December 20, 2005;
Volume 1, p. 4.
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Table 6.1 CO; Costs in Long Term Resource Plans

Company CO2 emissions trading assumptions for variouns years
(52005)
PG&E* $0-9/ton (start ysar 2006)
Avista 2003* $34on  {start year 2004)
Avista 2005 £7 and $25/ton (2010)
$15 and $62/ton (2026 and 2023)
Portland General $0-55/on (start year 2003)
Electric*
Xcel-PSCCo $9/ton (start year 2010) escalating at 2.5%/vear
| Idaho Power* 30-61/on {start year 2008)
Pacificorp 2004 _ $0-55/ton
Northwest $15 and $41/40n
Energy 2005
Northwest £0-15/ton between 2008 and 2016
Power and - $0-31/ton after 2016
Conservation
Council

*Vaiues for these utilities from Wiser, Ryan, and Bolinger, Mark. “Balancing Cost and Risk: The
Treatment of Renewable Energy in Western Utlllty Resource Plam " Lawrence Berkeley National
Laboratories. August 2005. LENL-58450. Table 7.

Other vaiues: PacifiCorp, Integrated Resource Plan 2003, pages 45-46; and Idaho Power Company, 2004
Integrated Resource Plan Drafi, July 2004, page 59: Avista Integrated Resource Plan 2005, Section 6.3;
Northwesiern Energy Integrated Resource Plan 2005, Volume 1 p. 62; Northwest Power and Conservation
Councii, Fifth Power Plan pp. 6-7. Xcei-PSCCo, Comprehensive Setlement submitted to the CQ PUC in
dockets 044-214E, 215E and 2165, December 3, 2004, Converted 10 $2005 using GDP implicit price
deflator.

These early cfforts by utilities have brought consideration of the risks associated with
future carbon regulations into the mainstream in resource pianning the electric sector.

6.3 Analyses of carbon emissions reduction costs

With the emergence of federal policy proposals in the United States in the past several
years, there have been several policy analyses that project the cost of carbon-dioxide
equivalent emission allowances under different policy designs. These studies reveal a
range of cost estimates. While it is not passible to pinpoint emissions reduction costs

_given current uncertainties about the goal and design of carbon regulation as well as the

inherent uncertainties in any forecast, the studies provide a useful source of information
for inclusion in resource decisions. In addition to establishing ranges of cost estimates,
the studies give a sense of which factors affect future costs of reducing carbon emissions.

.There have been several studies of proposed federal cap and trade programs in the United

States. Table 6.2 identifies some of the major recent studies of economy-wide carbon
policy proposals.
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Table 6.2. Analyses of US Carbon Policy Proposals

Policy proposal Analysis
McCzin Lieberman— 8. 139 EIA 2003, MIT 2003, Tellus 2003
McCain Licherman — SA 2028 EIA 2004, MIT 2003, Tellus 2004
Greenhouse Gas Intensity Targets - EIA 2008, EIA 2006
Jeffords — 8. 150 ) EPA 2005
Carper 4-P- 8. 843 EIA 2003, EPA 2005

Both versions of the McCain and Licberman proposal (also known as the Climate
Stewardship Act) were the subject of analyses by EIA, MIT, and the Tellus Institute. As
originaily proposed, the McCain Lieberman Jegislation capped 2010 emissions at 2000
levels, with a reduction in 2016 to 1990 levels. As revised, McCain Lieberman just
included the initial cap at 2000 levels without a further restriction. In its analyses, EIA
ran several sensitivity cases exploring the impact of technological innovation, gas E;ices,
allowance auction, and flexibility mechanisms (banking and international offsets).

In 2003 researchers at the Massachusetts Institute of Technology also analyzed potential
costs of the McCain Lieberman legislation.”® MIT held emissions for 2010 and beyond at
2000 levels (not modeling the second step of the proposed legislation). Due to
constraints of the model, the MIT group studied an economy-wide emissions limit rather
than a limit on the energy sector. A first set of scenarios considers the cap tightening in
Phasg Il and banking. A second set of scenarios examines the possible effects of outside
credits. And a final set examines the effects of different assumptions about baseline gross
domestic product (GDP) and emissions growth.

The Tellus Institute conducted two studies for the Natural Resources Defense Council of
the McCain Licberman proposals (July 2003 and June 2004).” In its analysis of the first
proposal (S. 139), Tellus relied on a modified version of the Nationel Energy Modeling
System that used more optimistic assumptions for energy efficiency and renewable
energy technologies based on expert input from colleagues at the ACEEE, the Union of
Concerned Scientists, the National Laboratories and elsewhere. Tellus then modeled two
policy cases. The “Policy Case” scenario included the provisions of the Climate
Stewardship Act (S.139) as well as oil savings measures, a national renewable
transportation fuel standard, a national RPS, and emissions standards contained in the
Clean Air Planning Act. The “Advanced Policy Case” included the same complimentary
energy policies as the “Policy Case” and assumed additional oil savings in the

77 Energy Information Administration, Anabysis of S. 139, the Climate Stewardship Act of 2003, EIA June
2003, SRADIAF/2003-02; Energy Information Administration, Analysis of Senate Amendment 2028, the
Climate Stewardship Act of 2003, EIA May 2004, SR/OIAF/2004-06

7 paltsev, Sergel; Reilly, John M.; Jacoby, Henry D.; Ellerman, A. Denny; Tay, Kok Hou; Emissions
Trading to Reduce Greenhouse Gas Emissions in the United Staaes: the McCain-Lieberman Proposal
MIT Joint Program on the Sclence and Policy of Global Change; Report No. 97; June 2003,

™ Baili¢ ¢t al,, Analysis of the Climate Stewardship Act, July 2003; Baitic and Dougherty, Analysis of the
Climate Stewardship Act Amendment, Tellus Institute, June, 2004, Available at
http:ffwww t¢llus.orp/energy/publications/McCainL ieberman2004.pdf

Synapse Energy Economics — Climate Change and Electricity Resource Planning Page 31



http://www.tellus.ore/energv/publications/McCainLieberman2004.pdf

transportation sector from increase the fuel efficiency of light-duty vehicles (CAFE) (25
mpg in 2005, increasing to 45 mpg in 2025).

EIA has also analyzed the effect and cost of greenhouse gas intensity targets as proposed
by Senator Bingaman based on the National Commission on Energy Policy, as well as
more stringent intensity targets.® Some of the scenarios included safety valve prices, and
some did not. :

In addition to the analysis of economy-wide policy proposals, proposals for GHG
emissions restrictions have also been analyzed. Both ELA and the U.S. Environmental
Protection Agency (EPA) analyzed the four-pollutant policy proposed by Senator Carper
(. sag)_“{ EPA also analyzed the power sector proposal from Senator Jeffords (S.

150).

Figure 6.1 shows the emissions trajectories that the analyses of economy-wide policies
projected for specific policy proposals. The graph does not include projections for
policies that would just apply to the eleciric sector since those are not directly comparable
to economy-wide emissions trajectories.
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% E1A, Energy Market Impacts of Alternative Greenhouse Gas Intensity Reduction Goals, March 2006.
SR/OIAF/2006-01.

#1 E1A. Analysis of S. 485, the Clear Skies Act of 2003, and S, 843, the Clean Air Planning Act 0f 2003.
ETA Office of Integrated Analysis and Forecasting. SR/OIAF/2003-03. September 2003. US EPA, Mulli-
polhitant Legislativa Analysis: The Clean Power Act (Jeffords, 5. 150 in the 109¢h). US EPA Office of
Air and Radiation, October 2005,

* 1S Environmental Protection Agency, Multi-pollutant Legislative Analysis: The Clean Air Planning Act
(Carper, S. 843 in the 108th), US EPA Office of Air and Radiation, October 2005,
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Figure 6.1. Projected Emissions Trajectories for US Economy-wide Carbon Poll;ey
Proposals.

Projected emissions trajeciories from Eid and Tellus Institute Analyses of US economy-wide carbon
policies. Emissions projections are for "affected sources” under proposed legislation. S. 139 is the EIA
analysis of McCain Lieberman Climate Stewcwdship Aet from 2003, SA 2028 is the EIA analysis of MeCain
Ligberman Climate Siewardship Act as amended in 2005. GHGI NCEP is the EIA analysis of greenhouse
gas intensity {orgets recommended by the National Commission on Energy Policy and endorsed by
Senators Bingaman and Domenici, GHGIC&T4 is the most? siringent emission reduction targest modeled by
EI4 in its 2006 analysis of greenhouse gas intensity targets, and Tellus 5.139 is from the Tellus Institute
analysis of S. 139.

Figure 6.2 presents projected carbon allowance costs from the economy-wide and electric
sector studies in constant 2005 dollars per ton of carbon dioxide.
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Figure 6.2. Allowance Cost Estimates From Studies of Economy-wide and Electric
Sector US Policy Proposals

Carbon emissions price forecasts based on a range of proposed federal carbon regulations. Sources qf
data include: Triangles — US Energy Information Agency (EIA); Square — US EPA; Circies — Tellus
Institute; Diamond — MIT. All values shown have been converted into 2005 dollars per short ton CO2
equivalent. Color-coded policies evaluated include:

Biue: S. 139, the McCain-Lieberman Climate Stewardship Act of January 2003, MIT Scenaric includes
banking and zero-cost credits {effectively relaxing the cap by 15% and 10% in phase I and I,
respectively,) The Tellus scenarios are the “Policy" case (higher values) and the “Advanced” case (lower
values). Both Tellus cases include complimentary emission reduction policies, with “advance” policy
case assuming additional oll savings in the transportation sector from increase the fuel efficiency of light-
duty vehicles (CAFE).

Tan: 5.150, the Clean Power Act of 2005

Violet: S. 843, the Clean Air Planning Act of 2003. Includes imterrational trading of offsets. EIA dara
include “High Offsets " {lower prices) and “Mid Offseis" (higher prices) cases. EPA data shows effect of
tremendous offset flexibiiity.

Bright Green: SA4 2028, the McCain-Liebgrman Climate Stewardship Act Amendment of Octobér 2003.
This version sets the emissions cap at constant 2000 levels and allows for 15% of the carbon reductions to
be met through offsets from non-covered sectors, carbon sequestration and qualified interm#ianal
sources.

Yellow: EIA analysis of the National Commission on Energy Policy (NCEF) policy option
recommendations. Lower series has a safety-valve maximum permis price of 56,10 per meiric ton COZ in
2010 rising to $8.50 per meiric ton CO2 in 2025, in 2003 dollars. Higher seriles has no safety value price.
Both include a range of complementary policles recommended by NCEP.

Orange: EIA analysis of cap and trade policies bused on NCEP, but varying the carbon intensity
reduction gounls. Lower-priced series (Cap and trade 1) has an intensity reduction of 2.4%/r from 2010 to
2020 and 2.8%/ from 2020 to 2030; safety-valve prices are 36.16 in 2010, rising to §9.86 in 2030, in
2004 doilars. Higher-priced series (Cap ard trade 4) has intensity reductions of 3% per year and 4% per
year for 2016-2020 and 2020-2030. respectively, and safety-valve prices of $30.92 in 2019 rising to
349,47 in 2030, in 2004 dollars.

The lowest allowance cost results (EPA S. 843, EIA NCEP, and EIA Cap & Trade)
correspond to the EPA analysis of a power sector program with very extensive offset use,
and to EIA analyses of greenhouse gas intensity targets with allowance safety valve _
prices. In these analyses, the identified emission reduction target is not achieved because
the safety valve is triggered. In EIA GHGI C&T 4, the price is higher because the
greenhouse gas intensity target is more stringent, and there is no safety valve. The EIA
analysis of S. 843 shows higher cost pmjechons because of the treatment of offsets,
which clearly cause a huge range in the projections for this policy. Inthe EPA analysis,
virtually all compliance is from offsets from sources outside of the power sector.

In addition to its recent modeling of US policy proposals, EIA has performed several
studies projecting costs associated with compliance with the Kyoto Protocol. In 1998,
EIA performed a study analyzing allowance costs associated with six scenarios ranging
from emissions in 2010 at 24 percent above 1990 emissions levels, to emissions in 2010
at 7 percent below 1990 emissions levels.® In 1999 EIA performed a very similar study,
but looked at phasing in carbon prices beginning in 2000 instead of 2005 as in the

® EIA, “Impacts of the Kyoto Protocol on US Energy Markets and Economic Activity,” October 1998, L
SR/OIAD/98-03
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original study.** Carbon dioxide costs projected in these EIA studies of Kyoto targets
were generally higher than those projected in the studies of economy-wide legislative
proposals due in part to the more stringent emission reduction requirements of the Kyoto
Protocol. For example, carbon dioxide allowances for 2010 were projected at $91 per
short ton CO2 ($2005) and $100 per short ton CO; ($2005) respectively for targets of
seven percent below 1990 emissions levels. While the United States has not ratified the
Kyoto Protocol, these studies are informative since they evaluate more stringent emission
reduction requirements than those contained in current federal policy proposals.
Scientists anticipate that avoiding dangerous climate change will require even steeper
reductions than those in the Kyoto Protocol.

The State Working Group of the RGGI in the Northeast engaged ICF Consulting to
analyze the impacts of implementing a CO2 cap on the electric sector in the northeastern
states. ICF used the [PM model to analyze the program package that the RGGI states
ultimately agreed to. ICF’s analysis results (in $2004) range from $1-$5/ton CO, in 2009
to about $2.50-$12/ton CO; in 2024.%° The lowest CO?2 allowance prices are associated
with the RGGI program package under the expected emission growth scenario. The costs
increase significantly under a high emissions scenario, and increase even more when the
high emissions scenario is combined with a national cap and trade program due to the
greater demand for allowances in a national program. ICF performed some analysis that
included aggressive energy efficiency scenarios and found that those energy efficiency
components would reduce the costs of the RGGI program significantly,

In 2003 ICF was retained by the state of Connecticut to model a carbon cap across the 10
northeastern states. The cap is set at 1990 levels in 2010, 5 percent below 1990 levels in
2015, and 10 percent below 1990 levels in 2020. The use of offsets is phased in with
entities able to offset 5 percent or their emissions in 2015 and 10 percent in 2020. The
CO;, allowance price, in $US 2004, for the 10-state region increases over the forecast
period in the policy case, rising from $7/ton in 2010 to $11/40n in 2020.%

6.4 Factors that affect projections of carbon cost

Results from a range of studies highlight certain factors that affect projections of future
carbon emissions prices. In particular, the studies provide insight into whether the factors
increase or decrease expected costs, and to the relationships among different factors. A
number of the key assumptions that affect policy cost projections (and indeed policy
costs) are discussed in this section, and summarized in Table 6.3.

¥ EIA, “Analysis of the Impacts of an Early Start for Compliance with the Kyoto Protocol,” July 1999.
SR/QIAFA9-02.

® ICF Consulting presentation of “RGGI Electricity Sector Modecling Results,” September 21, 2005.
Resulis of the 1CF analysis are available at www.rggi.org

% Center for Clean Air Policy, Connecticut Climare Change Stakeholder Dialogue: Recommendations io
the Governors’ Steering Commiitiee, January 2004, p, 3.3-27.
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Here we only consider these factors in a qualitative sense, although quantitative meta-
analyses do exist.” It is important to keep these factors in mind when attempting to
compare and survey the range of cost/benefit studies for carbon emissions policies so the
varying forecasts can be kept in the proper perspective.

Base case emissions forecast

Developing a business-as-usual case (in the absence of federal carbon emission
regulations) is 2 complex modeling exercise in itself, requiring a wide range of .
assumptions and projections which are themselves subject to uncertainty. In addition to
the question of future economic growth, assumptions must be made about the emissions
intensity of that growth. Will growth be primarily in the service sector or in industry?
Will technological improvements throughout the economy decrease the carbon emissions
per unit of output?

In addition, a significant open question is the future generation mix in the United States.
Throughout the 1990s most new generating investments were in naturel gas-fired units,
which emit much less carbon per unit of output than other fossil fuet sources. Today
many utilities are looking at baseload coal due to the increased cost of natural gas,
implying much higher emissions per MWh output. Some analysts predict a comeback for
nuclear energy, which despite its high cost and unsolved waste disposal and safety issues
has extremely low carbon emissions.

A business-as-usual case which included several decades of conventional base load coal,
combined with rapid economic expansion, would present an extremely high emissions
bascline. This would lead to an elevated projected cost of emissions reduction regardless
of the assumed policy mechanism.

Complimentary policies

Complimentary energy policies, such as direct investments in energy efficiency, are a .
very effective way to reduce the demand for emissions allowances and thereby to lower
their market price. A policy scenario which includes aggressive energy efficiency along
with carbon emissions limits will result in lower allowances prices than one in which-
energy efficiency is not directly addressed.™

Policy implementation timeline and reduction target

Most “policy™ scenarios are structured according to a goal such as achieving “1990
emissions by 2010” meaning that emissions should be decreased to a level in 2010 which

¥ See, e.g., Carolyn Fischer and Richard D. Morgengtem, Carbon Abatement Costs: Why the Wide Range
of Estimates? Resources for the Future, September, 2003. http://www.rff.or uments/RFF-DP-03-
42.pdf

" A recent analysis by ACEEE demonstrates the effect of energy efficiency investments in reducing the
projected costs of the Regional Greenhouse Gas Initiative. Prindle, Shipley, and Elliolt; Energy
Efficiency's Role in a Carbon Cap-and-Trade System: Modeling Resulis from the Ragional Greenhouse.
Gas Initiative, American Council for an Energy Efficient Economy, May 2006. Report Number E064.
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is no higher than they were in 1990. Both of these policy parimeters have strong
implications for policy costs, although not necessarily in the intuitive sense. A later
implementation date means that there is more time for the electric generating industry to
develop and install mitigation technology, but it also means that if they wait to act, they
will have to make much more drastic cuts in a short period of time. Models which assume
phased-in targets, forcing industry to take early action, may stimulate technological

-~ innovations so that later, more aggressive targets can be reached at lower cost.

Program flexibility

The philosophy behind cap and trade regulation is that the rules should specify an overall
emissions goal, but the market should find the most efficient way of meeting that goal.
For emissions with broad impacts (as opposed to local health impacts) this approach will
work best at minimizing cost if maximum flexibility is built into the system. For
example, trading should be allowed across as broad as possible a geographical region, so
that regions with lower mitigation cost will maximize their mitigation and sell their
emission allowances. This need not be restricted to CO; but can include other GHGs on
an equivalent basis, and indeed can potentially include trading for offsets which reduce
atmospheric COz such as reforestation projects. Another form of flexibility is to allow
utilities to put emissions allowances “in the bank” to be used at a time when they hold
higher value, or to zllow international trading as is done in Europe through the Kyoto
protocol,

One drawback to programs with higher flexibility is that they are much more complex to
administer, monitor, and verify. * Emissions reductions must be credited only once, and
offsets and trades must be associated with verifiable actions to reduce atmospheric CO3.
A generally accepted standard is the “five-point” test: “at a minimum, eligible offsets
shall consist of actions that are real, surplus, verifiable, permanent and enforceable.””
Still, there is a clear benefit in terms of overall mitigation costs to aim for as much
flexibility as possible, especially as it is impossible to predict with certainty what the
most cost-effective mitigation strategies will be in the future. Models which assume
higher flexibility in all of these areas are likely to predict lower compliance costs for
reaching any specified goal.

Technological progress

The rate of improvement in mitigation technology is a crucial assumption in predicting
future emissions control costs. This has been an important factor in every major air
emissions law, and has resulted, for example, in the pronounced downward trend in
allowance prices for SO2 and NOy in the years since regulations of those two pollutants
were enacted. For CO,, looming questions include the future feasibility and cost of
carbon capture and sequestration, and cost improvements in carbon-free generation

% An additional consideration is that greater geographic flexibility reduces potential local co-benefits,
discussed below, that can derive from efforts to reduce greenhouse gas emissions,

% Massachusetts 310 CMR 7.29.
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technologies. Improvements in the efficiency of coal burning technology or in the cost of
nucleat power plants may also be a factor.

Reduced emissions co-benefits

Most technologies which reduce carbon emissions also reduce emissions of other criteria
pollutants, such as NOy, SO, and mercury. This resuits in cost savings not only to the
generators who no longer need these permits, but also to broader economic benefits in the
form of reduced permit costs and consequently lower priced electricity. In addition, there
are a number of co-benefits such as improved public health, reduced premature mortality,
and cleaner air associated with overall reductions in power plant emissions which have a
high economic value to society. Models which include these co-benefits will predict a
lower overall cost impact from carbon regulations, as the cost of reducing carbon
emissions will be offset by savings in these other areas.

Table 6.3. Factors That Affect Futare Carbon Emissions Policy Costs

Assumption Increases Prices if... Decreases Prices if...

Assumes high rates of growth in

the absence of a policy, strong Lower forecast of busincss-as-

[1% Thsl H H
L Base case” emissions

forecast and sustained cconomic l usual™ emissions
Apgressive investments in energy
¢ Complimentary No investments in programs to efficiency and renewable energy
policies reduce carbon emissions independent of emissions
allowance market

¢  Policy implementation | Delayed and/or sudden program | Early action, phased-in emissions

timeline implementation limits.
Aggressive reduction target, Minimal reduction target, within
¢  Reduction targets requiring high-cost marginal range of leasi-cost mitigation
mitigation strategics sirategics

High flexibility, broad trading

geographically and among
. Minimal flexibility, limited use of | emisslons types including varlous
Program flexibilty 1 1/ jing, banking and offsets GHGs, allowance banking,
inclusion of offsets perhaps

including international projects.

Assume rapid improvements in
Assume only ioday’s technology S
at today’s mitigation technology and cost

¢  Technological progress
, reductions
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Assamption Increases Prices if... Decreases Prices if...

Inchudes savings in reduced

s  Emissions co-beneflts Ignore emissions co-benefits emissions of oriteria poll -

Because of the uncertainties and interrelationships surrounding these factors, forecasting
long-range carbon emissions price trajectories is quite complicated and involves
significant uncertainty. Of course, this uncertainty is no greater than the uncertainty
surrounding other key variables underlying future electricity costs, such as fuel prices,
although there are certain characteristics that make carbon emissions price forecasting
unique.

One of these is that the forecaster must predict the future political climate. As
documented throughout this paper, recent years have seen a dramatic increase in both the
documented effects of and the public awareness of global climate change. As these trends
continue, it is likely that more aggressive and more expensive emissions policies will be
politically feasible. Political events in other areas of the world may be another factor, in
that it will be easicr to justify aggressive policies in the United States if other nations
such as China are also limiting emissions.

Another important consideration is the relationship between early investments and later
emissions costs. It is likely that policies which produce high prices early will greatly
accelerate technological innovation, which could lead to prices in the following decades
which are lower than they would otherwise be. This effect has clearly played arole in
NOx and SO; allowance trading prices. However, the effect would be offset to some
degree by the tendency for emissions limits to become more restrictive over time,
especially if mitigation becomes less costly and the effects of global climate change
become increasingly obvious.

6.5 Synapée forecast of carbon dioxide allowance prices

Below we offer an emissions price forecast which the authors judge to represent a
reasonable range of likely future CO, allowance prices. Because of the factors discussed
above and others, it is likely that the actual cost of emissions will not follow a smooth
path like those shown here but will exhibit swings between and even outside of our “low”
and “high” cases in response to political, technological, market and other factors.
Nonetheless, we believe that these represent the most reasonable range to use for
planning purposes, given all of the information we have been able to collect and analyze
bearing on this important cost component of future electricity generation.

Figure 6.3 shows our price forecasts for the period 2010 through 2030, superimposed
upon projections collected from other studies mentioned in this paper.
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Figure 6.3. Synapse Forecast of Carbon Dioxide Allowance Prices

High, mid and low-case Synapse carbon dioxide emissions price forecasts superimposed on policy model
Jorecasts as presented in Figure 6.2,

In developing our forecast we have reviewed the cost analyses of federal proposals, the
Kyoto Protocol, and current electric company use of carbon values in IRP processes, as
described earlier in this paper. The highest cost projections from studies of U.S. policy
proposals generally reflect a combination of factors including more aggressive emissions
reductions, conservative assumptions about complimentary energy policies, and limited
or no offsets. For example, some of the highest results come from ELA analysis of the
most aggressive emission reductions proposed — the Climate Stewardship Act, as ’
originally proposed by Senators McCain and Lieberman in 2003. Similarly, the highest
cost projection for 2025 is from the EPA analysis of the Carper 4-P bill, S. 843, in a
scenario with fairly restricted offset use, The lowest cost projections are from the
analysis of the greenhouse gas intensity goal with a safety valve, as proposed by the
National Commission on Energy Policy, as well as from an EPA analysis of the Carper 4-
P bill, S. 843, with no restrictions on offset use. These highest and lowest cost estimates
illustrate the effect of the factors that affect projections of CO- emissions costs, as
discussed in the previous section.

We believe that the U.S. policies that have been modeled can reasonably be considered fo
represent the range of U.S. policies that could be adopted in the next several years.
However, we do not anticipate the adoption of either the most aggressive or restrictive, or
the most lenient and flexible policics illustrated in the range of projections from recent
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analyses. Thus we consider both the highest and the lowest cost projections from those
studies to be outside of our reasonable forecast.

We note that EIA projections of costs to comply with Kyoto Protocol targets were much
higher, in the range of $100/ton CO,. The higher cost projections associated with the
Kyoto Protocol targets, which are somewhat more aggressive than U.S. policy proposals,
are consistent with the anticipated effect of a imore carbon-constrained fiture. The EIA
analysis also has pessimistic assumptions regarding carbon emission-reducing _
technologies and complementary policies. The range of values that certain electric
companies currently use in their resource planning and evaluation processes largely fall
within the high and low cost projections from policy studies. Qur forecast of carbon
dioxide allowance prices is presented in Table 6.4.

Table 6.4. Synapse forecast of carbon dioxide allowance prices ($2005/ton COy).

2010 2020 2030 Levelized Value
2010-2040
Synapse Low Case 0 10 20 8.5
Synapse Mid Case 5 25 35 19.6
Synapse High Case 10 40 50 30.8

As illustrated in the table, we have identified what we believe to be a reasonable high,
low, and mid case for three time periods: 2010, 2020, and 2030. These high, low, and
mid case values for the years in question represent a range of values that are reasonably
plausible for use in resource planning. Certainly other price trajectories are possible,
indeed likely depending on factors such as level of reduction target, and year of
implementation of a palicy. We have much greater confidence in the levelized values
over the period than we do in any particular annual values or in the specnﬁc shape of the
price projections.

Using these value ranges, we have plotted cost lines in Figure 6.3 for use in resource
analysis. In selecting these values, we have taken into account a variety of factors for the
three time periods. While some regions and states may impose carbon emissions costs
soonet, or federal legislation may be adopted sooner, our assumption conservatively
assumes that implementation of any federal legislative requirements is unlikely before
2010. We project a cost in 2010 of between zero and $10 per ton of COs.

During the decade from 2010 to 2020, we anticipate that a reasonable range of carbon
emissions prices reflects the effects of increasing public concern over climate change
{this public concern is likely to support increasingly stringent emission reduction
requirements) and the reluctance of policymakers to take sieps that would increase the
cost of compliance (this reluctance could lead to increased emphasis on energy
efficiency, modest emission reduction targets, or increased use of offsets). Thus we find
the widest uncertainty in our forecasts begins at the end of this decade from $10 to $40
per ton of CQO,, depending on the relative strength of these factors.

After 2020, we expect the price of carbon emissions allowances to trend upward toward
the marginal mitigation cost of carbon emissions. This number still depends on uncertain
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factors such as technological innovation and the stringency of carbon caps, but it is likely
that the least expensive mitigation options (such as simple energy efficiency and fuel
switching) will be exhausted. Our projection for the end of this decade ranges from $20
to $50 per ton of CO, emissions.

We think the most likely scenario is that as policymakers commit to taking serious action
to reduce carbon emissions, they will choose to enact both cap and trade regimes and a
range of complementary energy policies that lead to lower cost scenarios, and that
technology innovation will reduce the price of low-carbon technclogies, making the most
likely scenario closer to (though not equal to) low case scenarios than the high case
scenario. The probability of taking this path increases over time, as society learns more
about optimal carbon reduction policies.

After 2030, and possibly even earlier, the uncertainty surrounding a forecast of carbon
emission prices increases due to interplay of factors such as the level of carbon
constraints required, and technological innovation. As discussed in previous sections,
scientists anticipate that very significant emission reductions will be necessary, in the
range of 80 percent below 1990 emission levels, to achieve stabilization targets that keep
global temperature increases to a somewhat manageable level. As such, we believe there
is a substantial likelihood that response to climate change impacts will require much
more aggressive emission reductions than those contained in U.S. policy proposals, and
in the Kyoto Protocol, to date. If the severity and certainty of climate change are such
that emissions levels 70-80% below current rates are mandated, this could result in very
high marginal emissions reduction costs, though the cost of such deeper cuts has not been
quantified on a per ton basis.

On the other hand, we also anticipate a reasonable likelihood that increasing concern over
climate change impucts, and the accompanying push for more aggressive emission ‘
reductions, will drive technological innovation, which may be anticipated to prevent
unlimited cost escalation. For example, with continued technology improvement, coupled
with attainment of economies of scale, significant price declines in distributed genesation,
grid management, and storage technologies, are likely to occur. The combination of such
price declines and carbon prices could enable tapping very large supplies of distributed
resources, such as solar, low-speed wind and bioenergy resources, as well as the
development of new energy efficiency options. The potential development of carbon
sequestration strategies, and/or the transition to a renewable energy-based economy may
also mitigate continued carbon price escalation.

7. Conclusion

The earth’s climate is strongly influenced by concentrations of greenhouse gases in the
atmosphere. International scientific consensus, expressed in the Third Assessment
Report of the Intergovernmental Panel on Climate Change and in countless peer-
reviewed scientific studies and reports, is that the climate system is already being — and
will continue to be — disrupted due to anthropogenic emissions of greenhouse gases.
Scientists expect increasing atmospheric concentrations of greenhouse gases to cause
temperature increases of 1.4 - 5.8 degrees centigrade by 2100, the fastest rate of change
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since end of the last ice age. Such global warming is expected to cause a wide range of
climate impacts including changes in precipitation patterns, increased climate variability,
melting of glaciers, ice shelves and permafrost, and rising sea levels. Some of these
changes have already been observed and documented in a growing body of scientific
literature. All countries will experience social and economic consequences, with
disproportionate negative impacts on those countries least able to adapt.

The prospect of global warming and changing climate has spurred international efforts to
work towards a sustainable level of greenhouse gas emissions. These international
efforts are embodied in the United Nations Framework Convention on Climate Change:
The Kyoto Protocol, a supplement to the UNFCCC, establishes legally binding limits on
the greenhouse gas emissions by industrialized nations and by economies in transition.

The United States, which is the single largest coniributor to global emissions of
greenhoiise gases, remains one of a very few industrialized nations that have not signed
onto the Kyoto Protocol. Nevertheless, federal legislation seems likely in the next few
years, and individual states, regional orpanizations, corporate shareholders and
corporations themselves are making serious efforts and taking significant steps towards

_reducing greenhouse gas emissions in the United States. Efforts to pass federal
legislation addressing carbon emissions, though not yet successful, have gained ground in
recent years. And climate change issues have seen an unprecedented level of attention in
the United States at all levels of government in the past few years.

These developments, combined with the growing scientific certainty related to climate
change, mean that establishing federal policy requiring greenhouse gas emission
reductions is just a matter of time. The question is not whether the United States will
develop a national policy addressing climate change, but when and how, and how much
additional damage will have been incurred by the process of delay. The electric sector
will be a key component of any regulatory or legislative approach to reducing greenhouse
gas emissions both because of this sector’s contribution to national emissions and the
comparative ease of controlling emissions from large point sources. While the future
costs of compliance are subject to uncertainty, they are real and will be mandatory within
the lifetime of electric industry capital stock being planned for and built today.

In this scientific, policy and economic context, it is imprudent for decision-makers in the
electric sector to ignore the cost of future carbon emissions reductions or to treat future
carbon emissions reductions merely as a sensitivity case. Failure to consider the potential
future costs of greenhouse gas emissions under future mandatory emission reductions
will result in investments that prove quite uneconomic in the future. Long term resource
planning by utility and non-utility owners of eleciric generation must account for the cost
of mitigating greenhouse gas emissions, particularly carbon dioxide. For example,
decisions about a company’s resource portfolio, including building new power plants,
reducing other pollutants or installing pollution controls, avoided costs for efficiency or
rencwables, and retirement of existing power plants all can be more sophisticated and
more efficient with appropriate consideration of future costs of carbon emissions
mitigation.

Regulatory uncertainty associated with climate change clearly presents a planning
challenge, but this does not justify proceeding as if no costs will be associated with

Synapse Energy Economics - Climate Change and Electricity Resaurce Planning Page 43




carbon emissions in the future. The challenge, as with any unknown future cost driver, is
to forecast a reasonable range of costs based on analysis of the information available.
This report identifies many sources of information that can form the basis of reasonable
assumptions about the likely costs of meeting future carbon emissions reduction
requirements.

Additional Costs Associated with Greenhouse Gases'

It is important to note that the greenhouse gas emission reduction requirements contained
in federal legislation proposed to date, and even the targets in the Kyoto Protocol, are
relatively modest compared with the range of emissions reductions that are anticipated to
be necessary for keeping global warming at a manageable level. Further, we do not
attempt to calculate the full cost to society (or to electric utilities) associated with
anticipated future climate changes. Even if electric utilities comply with some of the
most aggressive regulatory requirements underlying our CO; price forecasts presented
above, climate change will continue to occur, albeit at a slower pace, and more stringent
emissions reductions will be necessary to avoid dangerous changes to the climate system.

The consensus from the international scientific community clearly indicates that in order
to stabilize the concentration of greenhouse gases in the atmosphere and to try to keep
further global warming trends manageable, greenhouse gas emissions will have to be
reduced significantly below those limits underlying our CO; price forecasts. The
scientific consensus expressed in the Intergovernmental Panel on Climate Change Report
from 2001 is that greenhouse gas emissions would have to decline to a very small
fraction of current emissions in order to stabilize greenhouse gas concentrations, and
keep global warming in the vicinity of a 2-3 degree centigrade temperature increase.
Simply complying with the regulations underlying our CO; price forecasts does not
eliminate the ecological and socio-economic threat created by CO; emissions - it merely
mitigates that threat,

Incorporating a reasonable CO; price forecast into electricity resource planning will help
address electricity consumer concerns about prudent economic decision-making and
direct impacts on future electricity rates. However, current policy proposals are just a
first step in the direction of emissions reductions that are likely to ultimately be
necessary. Consequently, eleciric sector participants should anticipate increasingly
stringent regulatory requirements. In addition, anticipating the financial risks associated
with greenhouse gas regulation does not address all the ecological and socio-economic
concerns posed by greenhouse gas emissions. Regulators shonld consider other policy
mechanisms to account for the remaining pervasive impucts associated with greenhouse
gas emissions,
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This report updates and expands upon previous versions of Synapse Energy Economics .
reports on climate change and carbon prices.

This version, dated June 8, 2006, is identical to the version dated May 18, save fora
correction to the unit description used in Figure 6.2,

Synapee Energy Economics — Climate Change and Electricity Resource Planning Page 45



References

Anderson, Paul M. Chairman, Duke Energy. “Letter to Shareholders.” March 15, 2005.

Anderson, Paul. Chairman, Duke Energy. “Being (and Staying in Business):

Sustainability from a Corporate Leadership Perspective.” April 6, 2006 speech to CERES

Annual Conference, at: http://www.duke-
energy.com/news/mediainfo/viewpoint/PAnderson CERES.pdf

Avista Utilities, Electric Imtegrated Resource Plan 2005, August 31, 2005. Available at
http://www avistautilities.com/resources/plans/documents/Avista 2005_IRP_Final.pdf

Bailie, Bernow, Dougherty, and Lazarus. Amly.m of the Climate Stewardship Act. Tellus

" Institute, July 2003, Available at:

http:/~www tellus.org/energy/publications/McCainl ieberman2003.pdf

Bailie and Dougherty. Analysis of the Climate Stewardship Act Amendment. Tellus
Institute. June 2004. Available at

http:/fwww tellus.org/energy/publications/McCainL iebenman2004.pdf

Biewald et. al. “A Responsible Electricity Future: An Efficient, Cleaner and Balanced
Scenario for the US Electricity System.” Prepared for the National Association of State
PIRGs. June 11, 2004, Available at http://www.synapse-
energy.com/Downloads/AResponsibleElectricityFuture,pdf

California Public Utilities Commission. Decision 04-12-048. December 16, 2004,

Available at http://www.cpuc.ca.gov/PUBLISHED/AGENDA DEC[SIONI42314-
07.htm#P761_196099

California Public Utilities Commission. Decision 05-04-024 “Interim Opinion on E3
Avoided Cost Methodology.” April 7, 2005.
hltp://www.qpuc.ca.gov!PUBLISHED!FINAL DECISION/45284.htm

Carbon Disclosure Project. “$21 Trillion Investor Coalition Spurs Greater Awareness of
Climate Change Among US Corporations US Corporates Wake Up to Climate Change
Risks and Opportunities.” Press release. September 14, 2005,

http://www cdproject.net/viewrelease asp?id=2

Carbon Market Analyst. “W’hat determines the Price of Carbon.” Point Carbon. October
14, 2004.

Center for Clean Air Policy. Commecticut Climate Change Stakeholder Dialogue:
Recommendations to the Governors’ Steering Committee. January 2004. Available at

http://www ctclimatechange.com/pdf/Q1_history_ed.pdf

CERES. “Electric Power, Investors, and Climate Change: A Call to Action.” September
2003. Available at

http://www.ceres.org/pub/docs/Ceres electric_power calltpaction 0603.pdf

Synapse Energy Ecanomics - Climate Change and Elsctricity Resourcs Planning Page 46


http://www.dukeenergy.com/news/med
http://www.dukeenergy.com/news/med
http://www.avistautilities.coin/resources/plans/documents/Avista
http://www.tellus.org/energv/publications/McCaird%5eieberman2003.pdf
http://wvyw.telliis.org/encrgv/publications/McCainLieberman2Q04.ndf
http://www.svnapseenergv.com/Downloads/AResponsibleElectricitvFutore.pdf
http://www.svnapseenergv.com/Downloads/AResponsibleElectricitvFutore.pdf
http://www.cpuc.ca.gov/PUBLISHED/AGENDA
http://www.cpuc.ca.gov/PUBLISHED/FINAL
http://www.ctclimatechange.com/pdf/01_historv_ed.pdf
http://w//%5ew.ceres.org/pub/docs/Ceres

CERES. “Four Electric Power Companies in Midwest Agree to Disclose Climate Risk.”
Press release. February 21, 2006.

CERES. “US Companies Face Record Number of Global Warming Shareholder
Resolutions on Wider Range of Business Sectors.” Press release. February 17, 2005,

Available at http://ceres.org/mewsroom/press/gwse _pr_021805.htm

Cities for Climate Protection Campaign, including links to over 150 cities that have
adopted greenhouse gas reduction measures, is available at
http://www jclel.org/projserv. hyméccp

Codey, Acting Governor Richard. “Codey Takes Crucial Step to Combat Global
Warming.” Press release. October 18, 2005. http://www.nj.cov/cgi-
bin/ njnewsline/yiew_article,pl?id=27

Cogan, Douglas G. citiﬁg Frank Dixon and Martin Whittaker. “Valuing corporate
environmental performance: Innovest’s evaluation of the electric utilities industry,”
Corporate Environmental Strategy, Vol. 6, No. 4. New York, 1999,

Cogan, Dougias (.. “Investor Guide to Climate Risk: Action Plan and Resource for Plan
Sponsors, Fund Managers, and Corporations.” Investor Responsibility Research Center.
July 2004. Available at http://www incr.com/investor_guide/

Congressional Budget Office, Uncertainty in Analyzing Climate Change: Policy
Implications, January 2005

Congressional Budget Office, Economic and Budget Issue Brief, L:mfting Carbon
Dioxide Emissions: Prices Versus Caps, March 15, 2005,

Congressional Budget Office, Shifting the Cost Burden of a Carbon Cap-and-
TradeProgram, July 2003

Council of the European Union, Information Note ~ Brussels March 10, 2005.
htip://ue.cu.int/ugdocs/cmsUpload/st07242.en0S.pdf

Domenici, Senator Pete V. and Senator Jeff Bingaman. “Design Elements of a Mandatory
Market-based Greenhouse Gas Regulatory System,” Senate Committee on Energy and
Natural Resources, issued February 2, 2006.
http://members.4cleanair.org/re_files/3243/Domenici&Bingamanwhite -2-06.pdf -

EIA. “Impacts of the Kyoto Protocol on US Energy Markets and Economic Activity.”
October 1998. SR/OIAF/98-03. Available at:
htip://www eia.doe.gov/oial/kvoto/ndf/sroiafo803.pdf

ETA. “Analysis of the Impacts of an Early Start for Compiiance with the Kyoto Protocol.”
July 1999. SR/OIAF/99-02. htip://www.eia.doe.gov/oiafkyoto3/kyoto3rpt.html

EIA. Analysis of Strategies for Reducing Mudtiple Emissions from Power Plants: Sulfur
Dioxide, Nitrogen Oxides, and Carbon Dioxide. December 2000. SR/OIAF/2001-03.

Available at http://www.giadoe.pov/giaf/servicerpt/epp/

Synapse Energy Economics — Climate Change and Electriclty Resource Planning Page 47



http://ceres.org/newsroom/press/gwsc
http://www.ni.gov/cgibin/govemor/ninewsline/view
http://www.ni.gov/cgibin/govemor/ninewsline/view
http://www.incr.com/investor
http://ue.cu.int/uedocs/cmsUpload/st07242.en05.pdf
http://wvyw.eia.doe.gov/oia�%5eoto/pdf/sroiaf9803.pdf
http://www.eia.doe.gov/oiafkvoto3/kvoto3rpt.html
http://www.eia.doe.gov/oiafi%5eservicerpt/epp/

EIA, Analysis of §. 139, the Climate Stewardship Act of 2003, EIA June 2003,
SR/OIAF/2003-02. Available at

http://tonto.eia.doe.gov/FTPROOT/service/sraiaf{2003)02.pdf

EIA. Analysis of S. 485, the Clear Skies Act of 2003, and S. 843, the Clean Air Plarming
Act of 2003. EIA Office of Integrated Analysis and Forecasting. SR/OLAF/2003-03,
September 2003. Available at

http://www.eia.doe gov/oiaf/servicerpt/ces/pdffsroialf2003)03.

Energy Information Administration, Analysis of Senate Amendment 2028, the Climate
Stewardship Act of 2003, EIA May 2004, SR/OIAF/2004-06. Available at

hitp://www.eia.doe.gov/ojaf/analysispaper/sacsa/pdf/s] 39amend analysis,pdf

EIA Table H.1co2 World Carbon Dioxide Emissions from the Consumption and Flaring
of Fossil Fuels. 1980-2002 (posted June 9, 2004). Available at
hitp://www.eia.doe.gov/emeu/international/environm himl#IntiCarbon

EIA. “Emissions of Greenhouse Gases in the United States, 2004.” December 2005,
DOE/EIA-0573(2004). hitp//www.eia.doe.gov/oiafll 1605/ggrpt/index.htm}

EIA. “Energy Market Impacts of Alternative Greenhouse Gas Intensity Reduction
Goals.” March 2006. SR/OIAF/2006-01.
http:/iwww.cia.doe.gov/oiaf/servicerpt/ f/sroigf{2006)01 .pdf

European Environment Agency, Climate Change and a European Low Carbon Energy
System, 2005. EEA Report No 1/2005. ISSN 1725-9177.
htip://reports.cea.europa.ew/eea 2005 1/en/Climate change-FINAL-web.pdf

Feinstein, Senator Dianne. “Senator Feinstein Outlines New Legislation to Curb Global
Warming, Keep Economy Strong.” News from Senator Feinstein. March 20, 2006.
hitp://feinstein.senate.gov/O6releases/r-global-warm320.pdf

Fischer, Carolyn and Richard D. Morgenstern. “Carbon Abatement Costs: Why the Wide

Range of Estimates? " Resources for the Future. September, 2003. Available at
hitp://www.rff.org/Documents/RFF-DP-03-42 . pdf

Fontaine, Peter. “Greenhouse-Gas Emissions: A New World Order.” Public Utilities
Fornighily. February 2005,

G8 Leaders, Climate Change, Clean Energy, and Sustainable Development, Political
Statement and Action Plan from the G8 Leaders’ Communiqué at the G8 Summit in
Gleneagles UK., 2005. Available at:
http://www.g8.gov.uk/serviet/Front?pagename=0OpenMarket/Xcelerate/ShowPagesc=Pa
ge&cid=1094235520309

GF Energy. “GF Energy 2005 Electricity Outlook.” January 2005.
http://fwww.gfenergy.com/download. himl

Goldman Sachs Environmental Policy Framework, November 2005.
http://www.gs.com/our_firm/our_culture/corporate citizenship/environmental policy fra
mework/docs/EnvironmentalPolicyFramework.pdf

Synapse Energy Ecanomice — Climata Change and Electricity Resource Planning Page 48


http://tonto.cia.doe.gov/FTPROOT/service/sroiaiT2003)02.pdf
http://wvyw.eia.doe.gov/oia�%5eserviccrp1/ccs/pdf/sroiafi2003)03.pdf
http://www.eia.doe.gov/oia&'analvsispaper/sacsa/pdfi'sl
http://www.eia.doe.gOv/emeu/international/environmJitml%23IntlCarbon
http://www.eia.doe.gov/oiafyi605/ggmt/index.html
http://www.eia.doe.gov/oiaf/servicerpt/agg/pdf/sroiaff2006)01
http://reports.cea.europa.eu/eea
http://feinstein.senate.gov/06releases/r-giobal-warm320.pdf
http://www.rff.org/Documents/RFF-DP-03-42.pdf
http://www.g8.gov.uk/servlet/Front?pagenamg=OpcnMarket/Xcelerate/ShowPage&c=Pa
http://www.gfenergv.com/download.html
http://www.gs.com/our

Goodman, Sandra; “Benchmarking Air Emissions of the 100 Largest Electric Generation
Owners in the US - 2002;” CERES, Natural Resources Defense Council (NRDC), and
Public Service Enterprise Group Incorporated (PSEG); April 2004.

Goodman, Sandra and Walker, Michael. “Benchmarking Air Emissions of the 100
Largest Electric Generation Owners in the US - 2004.” CERES, Natural Resources
Defense Council (NRDC), and Public Service Enterprise Group Incorporated (PSEG).
April 2006. Available at hitp://www.nrdc.org/air/pollution/benchmarking/default.asp

Greenwire. February 16, 2005. Available at hitp.//www.cenews.net/gw/

ICF Consulting presentation of “RGGI Electricity Sector Modeling Results,” September
21, 2003. Results of the ICF analysis are available at www.rggiorg

Idaho Power Company. 2004 Integrated Resource Plen Draft. July 2004, Available at
hitp://www idahopower.com/energvcenter/20041R PFinal htm

Innovest Strategic Value Advisors. Carbon Disclosure Project 2005, third report of the
Carbon Disclosure Project. Innovest Strategic Value Advisors and the Carbon Disclosure
Project. September 2005. Available at http://www.cdproject.net/

Innovest Strategic Value Advisors. “Power Switch: Impacts of Climate Change on the
Global Power Sector.” World Wildlife Fund Intemnational. November 2003. Availabie at
hitp://www.innovestgroup.com/pdf5/2003-1 1 -PowerSwitch pdf

Innovest Sirategic Value Advisors. “Value at Risk: Climate Change and the Future of
Governance.” The Coalition for Environmentally Responsible Economies. June 2003.
Available at htip://www.ceres org/pub/docs/Ceres_value at risk_0418.pdf
Intergovernmental Panel on Climate Change. “16 Years of Scientific Assessment in
Support of the Climate Convention.” December 2004. Available at
hitp//www.ipee.ch/about/anniversarybrochure. pdf

Intergovernmental Panel on Climate Change. “Introduction to the Intergovernmental
Panel on Climate Change.” 2003 edition. Available at www.ipce.ch/about/beng. pdf.

International Association for Energy Economics. “The Costs of the Kyoto Protocol: A
Multi-Model Evaluation.” The Energy Journal, 1999.

International Energy Agency. “CQO; from Fuel Combustion — Fact Sheet.” 2005,
Available at http://www.iea.org/iournalists/docs/CO2.pdf.

Investor Network on Climate Risk. “A New Call for Action: Managing Climate Risk and
Capturing the Opportfunities.” 2005 Institutional Investor Summit. May 10, 2005,

http:/fwww.ceres.org/pub/docs/Ceres INCR_(5 call for action.pdf

Investor Network on Climate Risk. “Institutional Investor Summit on Climate Risk Final
Report.” Available at http.//'www.incr.com/summit final report.pdf.

IPCC. Third Assessment Report: Climate Change 2001, Intergovernmental Panel on
Climate Change 2001. http://Awww .ipcc.ch/

Synapse Energy Economics — Climate Change and Electricity Resource Planning Page 49



http://www.nrdc.org/air/pollution/benchmarking/default.asp
http://www.ecnews.net/gw/
http://www.rggi.org
http://wvyw.idahopower.com/energvcenter/20041RPFinalJitm
http://ww%5e%5ecdproject.net/
http://www.innovestgroup.com/pdfe/2003-l
http://www.ceres.org/pub/docs/Cercs
http://www.ipccxh/about/anniversarvbrochure.pdf
http://www.ipcc.ch/about/bcng.pdf
http://www.iea.org/iournalists/docs/C02.pdf
http://www.ccres.org/pub/docs/Ceres
http://www.ipcc.ch/

Jacobson, Sanne, Neil Numark and Paloma Sarria. “Greenhouse — Gas Emissions: A
Changing US Climate.” Public Utilities Fortnightly. February 2003.

Joint Science Academies’ Statement: Global Response to Climate Change, National
Academies of Brazil, Canada, China, France, Germany, India, Italy, Japan, Russia,
United Kingdom, and United States, June 7, 2005

Lempert, Popper, Resitar and Hart. “Capital Cycles and the Timing of Climate Change
Policy.” Pew Center on Global Climate Change. October 2002. Available at

http:/iwww . pewclimate.org/docUploads/capital%5Feyclesy2Epdf
Maryland Senate Bill 154 Healthy Air Act, signed April 6, 2006

Moler, Elizabeth, Exelon V.P., to the Senate Energy and Natural Resources Commiftee,

April 4, 2006, quoted in Grist, hitp://www.gri uck/2006/04/14/gri -
little/

Montana Public Service Commission. “Written Comments Identifying Concerns with
NWE's Compliance with A.R.M. 38.5.8209-8229.” August 17, 2004.

National Commission on Energy Policy. Ending the Energy Stalemate. December 2004,

Aveilable at http://www.energycommission.org/

Nordhaus, William and Boyer, Joseph. “Requiem for Kyoto: An Economic Analysis.”
The Energy Journal, 1999,

Northwestern Energy, 2005 Electric Default Supply Resource Procurement Plan,
December 20, 2005. http://www.montanaenergyforum.com/plan. html.

Northwest Power and Conservation Council, The Fifth Northwest Electric Power and
Conservation Plan, May 2005,
http://www.nweouncil.org/epergy/) lan/pl faul

PA Consulting Group. “Environmental Survey 2004.” Press release, October 22, 2004.
hitp://iwww pacansulting.com/news/press_release/2004/pr_carbon_dioxide regulations.ht
m :

PacifiCorp. Integrated Resource Plan 2003. Available at
http://www .pacificorp.com/File/File25682.pdf

Paltsev, Sergei; Reilly, John M.; Jacoby, Henry D.; Ellerman, A. Denny; Tay, Kok Hou.
Emissions Trading to Reduce Greenhouse Gas Emissions in the United States: the
McCain-Lieberman Proposal, MIT Joint Program on the Science and Policy of Global
Change. Report No. 97. June 2003

Pershing, Jonathan, Comments in Response to Bingaman-Domenici Climate Change
White Paper, World Resources Institute, March 13, 2006.

Regional Greenhouse Gas Initiative. Information, including Memorandum of
Understanding, proposed Model Rule, comments on State Working Group proposals, and

. all meeting presentations, available at: www rggi.org

Synapse Energy Economics - Climate Change and Electricity Resource Planning Page 60


http://vyww.pewclimate.org/docUploads/capital%5Fcycles%2Epdf
http://www.grist.org/news/muck/2006/04/14/griscom
http://www.energycommission.org/
http://www.montanaenergvfomm.coni/plan.html
http://w%5ew.nwcounciLorg/encrgv/powerplan/plan/Default.htm
http://www.paconsulting.com/news/press
http://www.pacificorp.com/File/Filc25682.pdf
http://www.rggi.org

Rendell, Governor Edward. “Governor Rendell Launches Initiative to Support
Manufacturers, Continue Job Growth; Bold Homegrown Solution Mamtams PA Energy
Leadership.” Press release. November 28, 2005.

htip:/fwww.state pa.us/papower/cwp/view.asp?A=1 1&0=447926

Rowe, John W., Comments in Response to Bingaman-Domenici Climate Change White
Paper, March 13, 2006

Sandalow, David, Comments in Response to Bingaman-Domenici Climate Change White
Paper, The Brookings Institution, March 13, 2006

TIME/ABC News/Stanford University Poll. “Global Warming - Seeing the problem, not
the solution.” TIME. April 3, 2006 Vol. 167 No. 14

UK Department of Environment, Food, and Rural Affairs, Avoiding Demgerous Climate
Change — Scientific Symposium on Stabilization of Greenhouse Gases, February 1-3,
2005 Exeter, UK. Report of the International Scientific Steering Committee, May 2005,
http://www.stabilisation2003.com/Steering Commitee Report.pdf

US Conference of Mayors, The. “US Mayors Climate Protection Agreement.” 2005.

http/fwww.usmayors . orgfuscm/resolutions/73rd_conference/eny 04.asp. Information on
the Mayors Climate Protection Agreement also available at:

http//www.ci.seattle.wa us/mayor/climate/

Udall, Rep. Tom. “Udall and Petri introduce legislation to curb global warming.” Press
release. March 29, 2006 htip://www.tomudall.house.gov/issues2.cfm?id=11699

United Nations Framework Convention on Climate Change, 1992. Available at

http:/funfece.int/resource/docs/convkp/conveng.pdf. The UNFCC has comprehensive
information on the UNFCC, and the Kyoto Protocol on its website at htip://unfece.int/

UNFCCC, Caring for Climate: A guide to the Climate Change Convention and the Kyolto
Protocol (revised 2005 edition); 2005, 1ssued by the Climate Change Secretariat
(UNFCCC) Bonn, Germany. :

US Environmental Protection Agency. “Analysis of Emissions Reduction Options for the
Electric Power Industry ” March 1999.

US Environmental Protection Agency, Multi-pollutant Legwlatwe Analysw The Clean
Power Act (Jeffords, 5. 150 in the 109™). US EPA Office of Air and Radiation, October

2005. Available at: http://www epa.gov/airmarkets/mp/

US Environmental Protection Agency, Multi-pollutant Legisiative Analysis: The Clean
Air Planning Act (Carper, S. 843 in the 108®). US EPA Office of Air and Radiation,

October 2005. Available at: http://www.epa.gov/airmarkets/mp/
US Senate, Sense of the Senate Resolution on Climate Change, US Senate Resolution
£66; June 22, 2005. Available at:

http://energy.senate.gov/public/index.cfm?FuseA ction=PressReleases. Dctall&PressRelea
se_id=234715&Month=6&Y ear=2005&Party=0

Synapse Energy Economics — Climate Change and Electricity Resource Planning Page 51


http://www.state.pa.us/papower/cwp/view.asp?A=ll&0=447926
http://wvyw.stabilisation20Q5.com/Steering
http://www.usmayors.org/uscm/resolutions/73rd
http://www.ci.seatt%5de.wa.us/mavor/cliniate/
http://wvyw.tomudall.house.gov/issues2.cfin?id=ll699
http://unfccc.jnt/
http://vyww.epa.gov/ainnarkets/mp/
http://www.epa.gov/ainnarkets/mp/
http://cnergv.senate.gov/public/index.cfrn?FuseAction=PressReleases.Detail&PressRclea

Wiser, Ryan and Mark Bolinger. An Overview aof Aliernative Fossil Fuel Price and
Carbon Regulation Scenarios. Lawrence Berkeley National Laboratory. October 2004.

LBNL-56403. Available at htip.//estd.]bl.gov/ea’ems/reports/36403.pdf

Wiser, Ryan, and Bolinger, Mark. Balancing Cost and Risk: The Treatment of Renewable
Energy in Western Utility Resource Plans. Lawrence Berkeley National Laboratories.
August 2005, LBNL-58450

Xcel-PSCCo, Comprehensive Settlement submitted to the CO PUC in dockets 044-214E,
215E and 216E, December 3, 2004, :
hitp://www xcelenergy.com/docs/corpcomm/SettlementA greementFinalDraficlean2004 1
203 pdf :

Synapse Energy Economics — Climate Change and Electricity Resource Planning Page 52


http://eetd.lb%5d.gov/ea/ems/reports/56403.pdf
http://www.xcelencrgy.com/docs/corpcomm/SettlemcntAgreementFinalDraftclean2004l

Contribution of Working Group [ to the
Fourth Assessment Report of the
Intergovernmental Panel on Climate Change.

Summary for Policymakers

This summary, approved in datail at the Elghth Session of IPCC Worldng Group i (Brusseis, Belgium, 2-5 April 2007],
represants the formally agreed stafement of the IPCC concerning the sensiiivity, adaptive capacity and vulnerabiiity of
natural and human systems to climate changa, and the potential consequences of climate change.

Drafting Authors:

Neil Adger, Pramod Aggarwal, Shardul Agrawala, Joseph Alcamo, Abdelkader Allak, Oleg Anisimaov, Nigel Amed], Miche! Boko,
Osvalde Canziani, Timothy Carter, Gino Casassa, Ulisses Confaloriien, Rex Victor Cruz, Edmundo de Atba Alcaraz, Wiltam Easteriing,
Christopher Field, Andreas Fischiin, Blajr Fitzharris, Carlos Gay Garcfa, Clair Hanson, Hideo Harasaws, Kevin Hemmessy,

Safsemui Hug, Roger Jones, Lucka KajfeZ Bogata), David Karoly, Richard Klein, Zbigniew Kundzewicz, Mureri Lal, Rodel Lasco,
Geoff Love, Xianfu Lu, Graciela Magrin, Luis José Mata, Roger McLean, Bettina Menne, Guy Midglay, Nobuo Mimureg,

Monind Qader Mirza, José Moreno, Linda Mortsch, isabefle Niang-Diop, Robert Micholls, Béla Novéky, Leonard Nurse,

Anthony Nyong, Michael Oppenheimer, Jean Palutikof, Martin Parry, Anard Patwardhan, Patricia Romero Lankao,

Cynthia Rosenzweig, Stephen Schnelder, Sergusi Semenov, Joel Smith, John Stone, Jean-Pascal van Yoarsele, David Vaughan,
Calean Vogel, Thomas Wilbanks, Poh Pot Wong, Shaohong Wu, Gary Yohs

This Summary for Policymakers should be cited as:

IPCC, 2007: Summary for Policymakers, In: Cimate Change 2007: impacts, Adaplation and Viinerability. Coniribution of Working
Group / to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, M.L. Parry, O.E Canztanj,

J.P Palutikof, BJ. van der Linden and C.E. Hanson, Eds., Cambridge Liniversity Press, Cambridge, UK, 7-22.



Summary for Pollcymakers

A. Intreduction

This Summary sets out the key policy-relevant findings of the -

Fourth Assessment of Working Group 11 of the Intergovemmental
Panel on Climate Change (IPCC).

The Assessment is of current scientific understanding of the
impacts of climate change on natral, managed and human
systems, the capacity of these systems to adapt and their
vulnersbility,! It builds upon past TPCC assessments and
incorporates new knowledge gained since the Third Assessment.

Scatemients jn this Summary are based on chapters in the

Assessment and principal sources are given at the end of each
paragraph.?

B. Current knowledge about observed

impacts of climate change on the
natural and human environment

A full consideration of observed climate change is provided in
the Working Group I Fourth Assessment. This part of the
Working Group 11 Summary concerns the relationship between
observed climate change and recent observed changes in the
natoral and human environment.

The statements presented here are based largely on data sets that
cover the period since 1970. The number of studies of observed
trends in the physical and biological environment and their
relationship to regional climate changes has increased greatly
since the Third Assessment in 2001, The quality of the data sets

_has also improved., There is, however, a notable lack of

geographical balance in the data and literature on observed
changes, with marked scarcity in developing countries,

Recent studies have allowed # broader and more confident
assessment of the relationship between observed warming and
impacts than was made in the Third Assessment. That
Assessment concluded that “there is high confidence? that recent
regional changes in temperature have had discernible impacts
on many physical and biological systems”™.

From the current Assessment we conclude the following.

Ohservational evidence from all continents and maost aceans
shows thal many nalural systems are being -affected by

regional climate changes, particuladly femparature incraases.

With regard to changes in show, ice and frozen ground
Gncluding permafrost),* there is high confidence that natural
systems are affected. Examples are:
» enlargement and increased numbers of glacial lakes [13};
» jncreasing ground instability in permafrost regions, and rock
avalanches in mountain regions [1.3];
= changes in some Arctic and Antarctic ecosystems, including
those In sea-ice biomes, and also predators high in the food
chain [1.3,4.4, 154]. )

Based on growing evidence, there is high confidence that the
following effects on hydrological systems are ocewrring:
» increased runoff and earier spring peak discharge in many
glaciet- and snow-fed rivers [1.3]:
o warming of lakes and rivers in many regions, with effects on
thermal structure and water quality [1.3].

There is very high confidence, based on more evidence from a
wider range of species, that recent warming is strongly affecting
terrestrial biclogical systems, including such changes as:
= zarlier timing of spring events, such as leaf~unfolding, bu'd
migration and egg-laying [1.3];
« poleward and upward shifts in ranges in plant and animal
species [1.3,8.2, 14.2].

Based on satellite observations since the early 1980s, theze is high
confidence that there has been a trend in many regions towards

earlier ‘greening’* of vegetation in the spring linked to langer

thermal growirig seasons due to recent warming [1.3, 14.2].

There is high confidence, based on substantial new evidence,

that observed changes in marine and freshwater biological

systemns are associated with rising water temperatures, as well as

related changes in ice cover, salinity, oxygen levels and

circulation [1.3]. These include:

« shifts in ranges and changes in algal, plankton and fish
abundance in high-latimde oceans [1.3];

* increzses in algal and zooplankton abundance in high-latitede
and high-altitude lakes [1.3];

+ range changes and earlier migrations of fish in rivers {1.3).

! For definitions, soe Endbox 1.

? Sources 1o statements are given in square brackets. For examnple, [3.3} refars to Chapter 3, Section 3. In the sourcing, F = Figure, T = Table, B=Box and ES =

Executive Summary.
3 Sea Endbox 2,
* See Working Group | Fourth Assessment.

5 Maasured by the Nermalisad Differanca Vegatation indax, which is & relative reasuns of the amount of green vegetation in an area based on satellite images,
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The uptake of anthropogenic carbon since 1750 has led to the
acean becoming more acidic, with an average decrease in pH of
0.1 units [IPCC Working Group I Fourth Assessient}, However,
the effects of observed ocean acidification on the marine
biosphere are as yet undocumented [1.3].

A global assessment of data since 1670 has shown it is itkely®
that anthrapugenic warming has had a discernible influence
an many physicat and biological systems.

Mnuch more evidence has accomulated over the past five years to
indicate that changes in many physical and biological systems
are linked to anthropogenic warming. There are four sets of
evidence which, taken together, support this conclusion:

1. The Working Group I Fourth Assessment concluded that most
of the observed increase in the globally averaged temperature
since the.mid-20th centary is very likely due to the observed
increase in anthropogenic greenhouse gas concentrations.

2. Of the more than 29,000 observational data series,’ from 75
studies, that show significant change in many physical and
biological systems, more than 89% are consistent with the
direction of change expected as a response 10 warming
(Figure SPM.1) [1.4].

3. A global synthesis of studies in this Assessment strongly
demonstrates that the spatial agreement between regions of
significant warming across the globe and the locations of
significant observed changes in many systems consistent
with warming is very unlikely to be due solely to natural
varisbility of temperatures or namral variability of the
systems (Figure SPM.1) [1.4].

4, Finally, there have been several modelling studies that have
linked responses in some physical and biological systems to
anthropogenic wanming by comparing observed responses in
these systems with modelled responses in which the natural
forcings (solar activity and volcanoes) and anthropogenic
forcings {greenhouse gases and aerosols) are explicitly
separated, Models with combined natural and anthropogenic
forcings simulate observed responses significantly better than
models with natural forcing only {1 4].

Limitations and gaps prevent more complete attribution of the
causes of ohserved sysiem responses to anthropogenic warming,
First, the available analyses are limited in the number of systems
and locations considered. Second, namiral temperatore variability
is Jarger at the regional than at the global scale, thus affecting

identification of changes due to external forcing. Finally, at the
regional scale other factors (such as land-use change, pollution,
and invasive species) are influentia] [1 4].

Nevertheless, the consistency between observed and modelled
changes in several studies and the spatial agreement between
significant regional warming and consistent impacts at the global
scale is sufficient to conclude with high confidence that
anthropogenic warming over the last three decades has bad a
discernible influence on many physical and biological systems
{141

Other effects of regional cimate changes on natural and
human environments are emerging, although many are
difficult to disoern duse to adaptation and non-cimatic drivers.

Effects of temperature increases have been documented in the
following {medium confidence):

« effects on agricultural and forestry management at Northern
Hemisphere higher latitades, such as earlier spring planting of
crops, and alterations in disturbance regimes of forests due
to fires and pests [1.3];

+ some aspects of human health, sach as heat-related mortality
in Europe, infecticus disease vectors in some areas, and
ullergenic pollen in Northern Hemisphere high and mid-
latitudes [1.3, 8.2, 8. ES];

* some human activities in the Arctic (e.g., hunting and travel
over snow and ice) and in lower-elevation alpine areas {such
as mountain sports) [1.3].

Recent climate changes and climate variations are beginning to
have effects on many other natural and human systems.
Bowever, based an the published literature, the impacts have not
yet become established trends. Examples include:

 Settlements in mountain regions are at enhanced risk of
glacier lake outburst floods caused by melting glaciers.
Governmental instintions in some places have begun to
respond by building dams and drainage works {1.3]).

 In the Sahelian region of Africa, warmer and drier conditions
have led to a reduced length of growing season with
detrimental effects on crops. In southemn Africa, longer dry
seasons and more uncertain rainfall are prompting adaptation
measures [1.3].

* Sea-level rise and human development are together
contributing to Josses of coastal wetlands and mangroves and
increasing damage from coastal flooding in many areas [1 3].

% Soa Endbox 2,

T A subset of about 28,000 data serles was sclocted from about 53,000 data series from 577 studles. These rhet the following criteria: (1) anding In 1060 or kater; 2) sparning
a pericd of at laast 20 years; and (3) showing a significart change in sither direction, = assassed In individual studies.
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Changes in physical end biclogical systems and surface temperatura 1970-2004

28,115 ' 28,586 28,871
NAM LA EUR f AFR AS ANZ PR* TER MFW™ GLO /
355 | 465 53| 5 119’ 512 06| 8 6|0 120 24 ?B-tf 1|85 765’
94%192%| [98%[100%] |94%I80% | [100%100% is&mm [ro0%] - ismm% 84%[90%| 1100%/90% | |94%|50%
Observed data series Physical Biclogical
° P!-uysicual systemns (snow,in? and frf:zen ground; hydrology: coastal processes) Numberof | Number of
@ Biological systems (lerrestrial, marine, end freshwater) significant + significant
observed observed
Eurgpe *** . . changes changas
° 1-30 Temperature change °C Perceniage | Parcentage
o 31-100 1970-2004 of significant :‘ Significant
- : changes EN0es
©  101-800 SR : consistent | consistert
O 8011200 1.0 02 02 1.0 20 35 with warming | with waiming
O 1201 -7500

* Paolar regions include aiso observed changes in fnarine and freshwater blologlcal systems.
** Marine and freshwater includes observed changes at sitas and large areas in oceans, small islands and continents.
Locations of large-area maring changes are not shown on the map.
*** Circles in Europe represent 1 to 7,600 data series.

Figwe SPM.1. Locations of significant changes in dala series of physical systemns (snow, Jce and frozen ground; hydrology; end coastal processes) and
bivlogical systems (temasinial, marine, and freshwater biclogice! systems), are showr logether with surface air temperatun changes over the period T570-2004.
A subset of 2bout 29,000 data series was sejectad from about 80,000 data sories from 577 studies. These met the foliowing criterfa: (1) ending in 1950 or later;
{2) spanning a period of at least 20 yaers; and (3) showing a signfficant change in either direction, &3 assessed in individua! studies. These dala serles are from
ghout 76 siudies fof which about 70 are new since the Third Assessment} and contain about 26,000 data serfes, of which about 28,000 are frorm European
stucies. White areas do not contain suficiant obsenational ckmate data lo estimate a ternperature trend. The 2 x 2 boxas show the t6tal numberof data serias
w:b'asigmﬁmntchmnmm;wmmedmmmmﬂmmmmmm)mammmmmmmLaqh )
America (LA}, Europe (EUR), Africa (AFR), Asta (AS], Australia end New Zealand (ANZ), and Polar Regions (PF) and () giobal-scake: Temestrial (TEFR), Maring
_and Freshwater (MFW), and Giobal (GLO). The numbears of studies from the seven regional boxas (NAM, ..., PR) do not add up (o the globel (GLO) totaks
because numbers from regions except Polar do not inckide the numbers refated to Marine and Freshwater (MFY) systams, Locations of large-area marine
changes are not shown on the map. (Working Group I Fourth Assessment F1.8, F1.9; Working Group | Fourth Assessment F3.95].
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C. Current knowledge about future impacts

The following is a selection of the key findings reganding
projected impacts, as well as some findings on vailnerability and
adaptation, in each system, sector and region for the range of
(unmitigated) climate changes prajectad by the IPCC over this
century® judged to be relevant for people and the environment
The irnpacts frequently reflect projected changes in precipitation
and other climate variables in addition to temperature, sea level
and concentrations of atmospheric carbon dioxide. The magnitude
and timing of impacts will vary with the amount and timing of
¢limate change and, in some cases, the capacity to adapt. These
issues are discussed fusther in later sections of the Summary.

Mare specific information is now available across a wide
range of systems and sectors concesming the nature of future
impacts, including for some fields not covered in previous
asS&ssments

Frashwater resources and their management

By mid-century, annual average river ranoff and water availability
are projected 1o increase by 10-40% at high latitudes and in some
wel tropical areas, and decrease by 10-30% over some dry regions
at mid-latitudes and in the dry tropics, some of which are presently
water-stressed areas. In some places and in particuler seasons,
changes differ from these annual figures, ** D' [3 4]

Drought-affected areas will likely increase in extent, Heavy
precipitation events, which are very likely to increase in frequency,
will angment flood risk. ** N [Working Group I Fourth Assessment
Table SPM-2, Wotking Group II Fourth Assessment 3 .4]

In the course of the cenitry, water supplies siored in glaciers and snow
cover are projected to decline, reducing water availability in regions
supplied by meltwaler from major mountain ranges, where more than
one-sixth of the world population currently lives. ** N [3 4]

Adaptation procedures and risk management practices for the
water sector are being developed in some countries and regions
that have recognised projected hydrological changes with related
uncertainties. *** N [3.6]

Ecosystems

The resilience of many ecosystems is likely to be exceeded this
century by an unprecedented combination of climate change,
associated disturbances {¢.g.. flooding, drought, wildfire, insects,
ocean acidification), and other global change drivers (e.g., land-
use change, pollution, over-expioitation of resources). ** N [4.1
to4.6)

Over the coufse of this century, net carbon uptake by terrestrial

ecosystems is likely to peak before mid-century and then weaken
or even reverse," thus amplifying climate change. **+ N [4 ES,
F4.2}

Approximately 20-30% of plant and animal species assessed 50
far arc likely to be a1 increased risk of extinction if increases in
global average temperature exceed 1.5-2.5°C.* N [4.4,T4.1]

For increases in global average temperature exceeding 1.5-2.5°C
and in concomitant atmospheric carbon dioxide concentrations,
there are projected 1o be major changes in ecosystem stracture
end function, species’ ecological interactions, and species’
geographical ranges, with predominantly negative consequences
for biodiversity, and ecosystem goods and services e.g., water
and food supply. ** N [44]

The progressive acidification of oceans due to increasing
atmospheric carbon dioxide is expected to have negutive impacts
on marine shell-forming organisms (e.g., corals) and their
dependent species. * N [B4.4, 64]

Food, fibre and forest products

Crop productivity is projected to increase slightly at mid- to high
latitudes for local mean temperature increases of up to 1-3°C
depending on the crop, and then decrease beyond that in some
regions. * D [5.4]

At lower latitudes, especially seasonally dry and tropical
regions, crop productivity is projected to decrease for even small
local temperature increases (1-2°C), which weuld increase the
nisk of hunger. * D [5 4]

Globally, the potential for food production is projected 10
increase with increases in local average temperature over a range
of 1-3°C, but above this it is projected to decrease. * D[54, 5.6]

# Temperature changes are expraseed as the differance from the period 1980~1088. To express the change reixtive ta ha pericd 1850-1899, add 0.5,
* Criteria of choice: magnitude and timing of impact. confidence in the assessment, representative coverage of the system, sector and region.

i Sectlon C. me follnmng cmvantiona are usad:

D Fuﬂhar devafopmmr af a conclusm in the Third Asséssment
N New conclusian, not in the Thind Assessment

Level of gonfidence in the whole stalerment;

= Very high confidence

- High confidence

* Medium confidance

" Assuming cortinued greenhouse gas emissions at or above curent rates and cther global changes inchuding land-use changas.

"
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Increases in the frequency of droughts and floods are projected 1o
affect local crop production negatively, especially in subsistence
sectors at low latilndes. ** D [3.4, 5.ES]

Adaptations such as altered cultivars and planting times allow
low- and mid- to high-iatimde cereal yiclds to be maintained at
or above baseline yields for modest warming. * N [5.5]

Globally, commercial timber productivity rises modestly with
climate change in the short- to medium-term, with large regional
variability around the global trend. * D {54}

Regional changes in the distribution and production of particular
fish species are expected due to continved warming, with adverse
effects projected for aquaculture and fisheries. ** D [5.4]

Caoastal systems and low-lying areas

Coasts are projected to be exposed to increasing risks, including
coastal erosion, dee to climate change and sea-level rise. The
effect will be exacerbated by increasing human-induced pressures
on coastal areas. *** D [6.3, 6.4]

Corals are vulnerable 1o thermal stress and have low adaptive
capacity. Increases in sea susface temperature of about 1-3°C are
projected to result in more frequent coral bleaching events and
widespread mortality, unless there is thermal adapration or
acclimatication by corals. *¥* D [B6.1, 6.4]

Coastal wetlands including salt marshes and mangroves are
projected to be negatively affected by sea-level rise especially
where they are constrained on their landward side, or starved of
sediment. *** D [6.4]

Many millions more people are projected ta be flooded every year
due to sea-level rise by the 2080s. Those densely-populated and
low-lying areas where adaptive capacity is relatively low, and
which already face other challenges such as tropical storms or
locel coastal subsidence, mre especially at risk, The numbers
affected will be largest in the mega~deltas of Asia and Africa while
small islands are especially vuinerable. *** D [6.4]

Adaptation for coasts will be more challenging in developing
countries than in developed countries, due to constrainls on
adaptive capacity. ** D (6.4, 6.5, T6.11]

Industry, settlement and socisty

Costs and benefits of climate change for industry, settlement and
society will vary widely by location and scale. In the aggrepate,
however, net effects will terd to be more iegative the larger the
change in climate. ** N [7.4,7.6]

The most vulnerable industries, settlements and societies ane
generally those in coastal and river flood plains, those whose
economies are closely linked with climate-sensitive resources,
and those in areas prone to extreme weather evenss, especially
where rapid urbanisation is occurring. ** D [7.1,7.3 to 7.5)

Poor communities can be especially vulnerable, in particular
those concentrated in high-risk sreas, They tend to have more
limited adaptive capacities, and are more dependent on
climate-sensitive resources such as local water and food
supplies. ** N [7.2,7.4,5.4]

Where extreme weather events become more intense andior
more frequent, the economic and social costs of those events
will increase, and these increages will be substantial in the areas
most directly affected. Climate change impacts spread from
directly impacted areas and sectors to other areas and sectors
through extensive and compiex linkages. ** N [7.4,7.5)

Health

Projected climate change-related exposures are likely to affect
the health status of miilions of people, particularly those with
low adaptive capacity, through:

e increases in malutrition and consequent disorders, with
implications for child growth and development;

=increased deaths, disease and injury due to heatwaves,
floods, storms, fires and droughts;

¢ the increased burden of diarrhoesl discase;

+ the increased frequency of cardio-respiratory diseases due
to higher concentrations of ground-level ozone related to
climate change: and,

« the altered spatial distribution of some infectious disease
vectars, ** D [B.4, 8 ES, §2]

Climate changé is expected to have some mixed effects, such
as a decrease or increase in the range and transmission
potential of malaria in Africa. ** D [8.4]

Studies in temperate areas'? have shown that climate change
is projected to bring some benefits, such as fewer deaths from
cold exposure, Overall it is expected that these benefits will be
outweighed by the negative health effects of rising
temperatures worldwide, especially in developing countries.
*= D [8.4]

The balance of positive and negative heplth impacts will vary
from one location to another, and will alter over time as
temperatures continue to rise. Critically important will be
factors that directly shape the health of populations such as
education, health care, public health initiatives and
infrastructure and economic development. *** N [8.3]

2 Studies mainly in Industrizlised countries,
12
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More specific information Js now available across the
‘regions of the world concerning the nature of fulure
impacts, including for some places not covered in previous
assessments. '

Africa

By 2020, between 75 million and 250 million people are
projected to be exposad to increased water stress due to climate
change, If coupled with increased demand, this will adversely
affect itvelihoods and exacerbate water-related problems, ** D
[94,34,82,84]

Agricultural production, including access to food, in many
African countries and regions is projected to be severely
compromised by climate varisbility and change. The area
suitable for agriculture, the length of growing seasons and yield
potential, purticularly along the marging of semi-arid and arid
areas, are expected to decrease. This would further adversely
affect food security and exacerbate malnutrition in the continent.
In some countries, yields from rain-fed agriculture could be
reduced by up to 50% by 2020, ** N [0.2,9.4,9.6]

Local food supplies are projected to be negatively affected by
decreasing fisheries resources in large lakes due to rising water
temperatures, which may be exacerbated by continued over-
fishing, ** N [9.4,5.4,8.4]

Towards the end of the 215t century, projected sea-level rise will
affect low-lying coastal areas with large populations. The cost of
adaptation could amount to at least 5-10% of Gross Pomestic
Product (GDP). Mangroves and coral reefs are projected to be
further degraded, with additional consequences for fisheries and
tourism. ** D [9.4]

New studies confirm that Africa is one of the most vulnerable
continents to climate variability and change because of multiple
stresses and Jow adaptive capacity. Some adaptation to current
climate variability is taking place; however, this may be
insufficient for future changes in climate, #* N [9.5)

Asia

Glacjer melt in the Himalayas is projected to incrsase flooding,
and rock avalanches from destabilised slopes, and to affect water
resources within the next two to three decades. This will be
followed by decreased river flows as the glaciers recede. * N
{102,104

Freshwater availability in Central, South, East apd South-East Asia,
particularly in large river basins, is projected to decrease due o
climate change which, along with population growth and increasing
demand arising from higher standards of living, could adversely
affect more than a billion people by the 2050s. ** N [10.4]

Coasial areas, especially heavily-populated megadelta regions
in South, East and South-East Asia, will be at greatest risk due
to increased flooding from Ihe sea and, in some megadeltas,
flooding from the rivers. ** D [10.4]

Climate change is projecied to impinge on the sustainable
development of most developing countries of Asia, as it
compounds the pressures on natural resources and the
environment associated with rapid urbanisation, industrialisation,
and economic development, ** D [10.3)

It is projecied that crop yields could increase up to 20% in East
and South-East Asia while they could decrease up to 30% in
Central and South Asia by the mid-215t century. Taken together,
and considering the influence of rapid population growth and
urbanisation, the risk of hunger is projected to remain very high
in several developing countries. * N [10.4)

Endemic morbidity and mortality due to diarrhoeal disease
primarily associated with floods and droughts are expected to
rise in Enst, South and South-East Asia due lo projected changes
in the hydmological cycle associated with global warming.
Increases in coastal water temperature would exacerbate the
abundance and/or toxicity of cholera in South Asia. **N [10.4]

Australia and New Zaaland

As a result of reduced precipitation and increased evaporation,
water security problems are projected to intensify by 2030 in
southern and eastern Australiza and, in New Zealand, in
Northland and some eastern regions. ¥+ D [11.4)

Significant Joss of biodiversity is projected to occur by 2020 in
some ecologically rich sites including the Great Barrier Reef and
Queenstand Wet Tropics. Other sites at risk include Kakadu
wetlands, south-west Australia, sub-Antarctic islands and the
alpine arcas of both countries, *** D [11 4]

Ongoing coasta) development and population growth in arcas
such as Cairns and South-east Queensland {Australia) and
Northland to Bay of Plenty {New Zealand), are projected to
exacerbate tisks from sea-level rise and increases in the severity
and frequency of storms and coastal flooding by 2050. *+* D
[114,11.6]
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Production from agriculture and forestry by 2030 is projected 1o
decline over much of southern and eastern Australia, and over
parts of eastern New Zealand. due to increased drought and fire,
However, in New Zealand, initial benefits are projectsd in western
and southern areas and close o major rivers due to a longer
growing season, less frost and increased rainfall. ** N[11.4]

The region has substantial adaptive capacity due to well.
developed economies and scientific and technical capabilities,
but there are considerable constraints to implementation and
major challenges from changes in extreme events. Natural
systems have limited adaptive capacity. ¥* N (11.2, 11.5]

Europe

For the first time, wide-ranging impacts of changes in current
climate have been documented: retreating glaciers, longer
growing scasons, shift of species ranges, and health impacts due
to a heatwave of unprecedented magnitude. The observed
changes described above are consistent with those projected for
future climate change. *** N [12.2, 124, 12.6]

Nearly all Eurcpean regions are anticipated to be negatively
affected by some future impacts of climate change, and these
will pose challenges to many economic sectors. Climate change
is expected to magnify regional differences in Europe's natural
resources and assets. Negative impacts will include increased
risk of inland flash floods, and more frequent coastal flooding
and increased erosion {due to storminess and sea-level rise}. The
great majority of organisms and ecosystems will have difficulty
adapting to climate change. Mountainous sreas will face glacier
retreat, reduced smow cover and winter tourism, and extensive
species losses (in some areas up to 60% under high emission
scenarios by 2080). #** D [12.4]

In Souwthern EBurope. climate change is projected to worsen
conditions (high temperatures and drought) in a region already
vulnerable to climate varisbility, and to reduce water availability,
hydropower potential, summer tourism and, in general, crop
productivity. It is also projectad to increase health risks due to heat-
waves, and the frequency of wildfires, ** D [12.2,124, 12.7]

In Central and Eastern Europe. surnmer precipitation is projecied o
decrease, causing higher water stress. Health risks due to heatwaves
are projected to increase, Forest productivity is expected to decline
and the frequency of peatland fires to increase. ** D [12.4]

In Northern Europe, climate change is initially projected to bring
mixed effects, including some benefits such as reduced demand
for heating, increased crop yields and increased forest growth.
However, as climate change continues, its negative impacts
{including more frequent winter floods, endangered ecosystems
and increasing ground instability) are likely to outweigh its
benefits. ** D [12.4]
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Adaptation to climate change is likely to benefit from experience
guined in reaction to extreme climate events, specifically by
implementing proactive climate " change risk management
adaptation plans. *** N [12.5]

Latin America

By mid-century, increases in emperature and associated decreases
in soil water are projected to lead 0 gradua) replacement of
tropical farest by savanna in eastern Amazonia. Semi-arid
vegetation will tend to be replaced by arid-land vegetation. There
is a risk of significant biodiversity loss through species extinction
in many areas of tropical Latin America. ** D [13.4]

In drier areas, climate change is expected to Jead 1o salinisation
and desertification of agricultural land, Productivity of some
important crops is projected 10 decrease and Iivestock
productivity to decline, with adverse consequences far foad
security. In temperate zones soybean yields are pro_;ected to
increase. ** N (134, 13.7]

Sea-level rise is projected to canse increased risk of flooding in
low-lving areas. Increases in sea surface temperatore due (o clitate
change are projected to have adverse effects on Mesoamerican
coral reefs, and cause shifts in the location of south-east Pacific
fish stocks. ** N [134,13.7]

Changes in precipitation patterns and the disappearance of glaciers
are projected to significantly affect water availability for human
consumption, agriculiure and energy peneration, ** D [13.4]

Some countries have made efforts to adapt, particulerly through
conservation of key ecosystems, early warning systems, risk
management in agricnlture, strategies for flood drought and coastal
management, and disease surveillance systems., However, the
effectiveness of these efforts is outweighed by: lack of basic
information, observation and monitoring systems; lack of capacity
building and appropriate political, institutional and technological
frameworks; low income; and setlements in vainerable areas,
amomg others. ** D [132]

North America

‘Warming in western mountains is projected to cause decreased
snowpack, more winter flooding, and reduced summer flows,
exacerbating competition for over-allacated water resources. *++
D[144,B142]

Disturbances from pests, diseases and fire are projected to have
increasing impacts on forests, with an extended period of high fire
risk and large increases in area bumned. *** N [144,B14.1]

* Moderate climate change in the early decades of the century is

projected to incresse aggregate yields of rain-fed agricultore by 5-
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20%, but with important variability among regions, Major
challenges are projected for crops that are near the warm end of
their suitable range or which depend on highly wilised water
resources, *¥ D [14 4}

Cities that cumrently experience heatwaves are expecied to be
further challenged by an increased number, intensity and duration
of heatwaves during the course of the century, with potential for
adverse health impacts. Elderly populations are most at rigk, *#*
D[144).

Coastal communities and habitats will be increasingly stressed by
climate change impacts interacting with development and
pollution. Population growth and the rising value of infrastrucure
in coastal areas increase volnerability to climate variability and
future clisate change, with losses projected 1o increase if the

intensity of tropical storms increases, Current adaptation is uneven

and readiness for increased expasure is low. *** N[14.2, 14.4]

Polar Regions

In the Polar Regions, the main projected biophysical effects are
reducticns in thickness and extent of glaciers and ice sheets, and
changes in natural ecosystemns with detrimenta] effecis an many
organisms including migratory birds, mammals and higher
predators. In the Arctic, additional impacts mchude reductions in
the extent of sea ice and permafrost, increased coastal erosion,
and an increase in the depth of permafrost seasonal thawing. ** D
[153,154,152]

For human communities in the Arctic, impacts, particularly those
restlting from changing snow and ice conditions, are projected to
be mixed. Detrimental impacts wounld inchade those on
infrastructure and traditional indigenous ways of hfe. ** D [15 4]

Beneficial impacts would include reduced heating costs and more
navigable northern sea routes. * D [15.4]

In both polar regions, specific ecosystems and habitats are
projected to be vulnerable, as climatic barriers to species invasions
are lowered. ** D [156, 15.4]

Arctic human communities are already adapting to climate
change, but both external and internal stressors challenge their
adaptive capacities. Despite the resilience shown historically by
Arctic indigenous communities, some traditional ways of life are
being threatened and substantial investments are neaded to adapt
of re-locate physical structures and commumities. ** D [15.ES,
154,155,157]

Small islands

Small islands, whether located in the tropics or higher latinudes,
have characteristics which make them especially vulnerable to the

effects of ¢limate change, sea-level rise and extreme events, **%
D16.1,16.5]

Deteriaration in coastal conditions, for example through erosion

‘of beaches and coral bleaching, is expecied to affect local

resources. e.g., fisheries, and reduce the value of these destinations
for tourism. ** D [16.4] .

Sea-level rise is expected to exacerbate inundation, storm sorge,
erosion and other coastal hazards, thus threatening vital
infrastructure, settlements and facilities that support the livelihood
of island communities. *** D [16.4]

Climate change is projected by mid-century to reduce water
resources in many small islands, e.g., in the Caribbean and
Pacific, to the point where they become insufficient to meet
demand during low-reinfall periods. *** D [164]

With higher temperatiires, increased invasion by non-native
species iz expected to occur, particularly on mid- and high-
latitude islands. ** N [16.4]

Magnitudes of impact can nogw be estimated more
systemaiically for a range of possible increases in global
average temperature.

Since the IPCC Third Assessment, many additional studies,
particutlarly in regions that previously had been litle researched,
have enabled a more systematic understanding of how the timing
and magnitude of impacts may be affected by changes in climate
and sealevel associated with differing amocunts and rates of change
in global average temperatuie. )

Examples of this new information are presented in Figure SPM.2.
Entries have been selected which are judged to be relevant for
people and the environment and for which there is high confidence
in the assessment. All examples of impact are drawn from chapters
of the Assessment, where more detailed information is available.

Depending on circumstances, some of these impacts could be
associated with ‘key valnerabilities’, based on & mumber of criteria
in the literature (magnitude, timing, persistence/reversibility, the
potential for adaptation, distributional aspects, likelihood and
‘importance’ of the impacts). Assessment of potential key
vulnerabilities is inwended w provide information on rates and
levels of climate change 1o help decision-makers make appropriate
responses to the risks of climate change [19.E8, 19.1].

The ‘reasons for concern’ identified in the Third Assessment
Temain a viable framework for considering key vulnerabilities.
Recent research has updated some of the findings from the Third
Assessment [19.3].



Summewy for Policymakers

Key Impacts as a function of increasing global average temperature change
{impagcts wlill vary by extent of adaptation, rate of termperature change, and socio-economic pathway)}
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*Significant is dafined hene as more than 40%,
1 Based on average rate of sea |evel rise of 4.2 mm/year from 2000 to 2080,

Figure SPM.2, Iustrative exampies of global fmpacts projected for cifmate changes (and sea lavel and atmospheric carbon dioxids where relevant)
associated with different amounts of increase i global average surface termperature in the 21st century [T20.8]. The black lines link impacts, dotted

amows indicate impacts continuing with increasing temperalure, Entries are placed so that the left-hand side of the lext indicales the approximate |

onset of a given impact. Quantitative entries for water strass and Rooding represent the additional impacts of climate change relative 1o the conditions
projected across the rangs of Spacial Report an Emissions Scenarics {SRES) scenarios ATFL, A2, 81 and 82 (ses Endbax 3). Adaptation fo chmate
changs is not inclidea in thase estimations. All eniries are from published studies recorded in the chapters of the Assessment, Sources are given fn
the right-hand colymin of the Table. Canfidence levels for alf statements are high.
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Impaéts due to altered frequencies and intensities of extreme
weathar, climate and sea-level events are very likely to
change.

Since the IPCC Third Assessment, confidence has increased that
some weather events and ¢xtremes will become more frequent,
mere widesptead and/or more intense during the 21st century:
and more is known about the potential effects of such changes.
/A selection of these is presented in Table SPM.1.

The direction of trend and likeiihood of phenomena are for IPCC
SRES projections of climate change.

Some large-scale climate events havs the potential to cause
very large impacts, especially after the 21st century,

Very large sea-level rises that would result from’ widespread
deglaciation of Greenland and West Antarctic ice sheets imply
major changes in coastlines and ecosystems, and inundation of
low-lying areas, with greatest effects in river deltas. Relocating
populations, economic activity, and infrastructure would be
costly and chalienging. There is medium confidence that at least
partial deglaciation of the Greenland ice sheet, and possibly the
West Antarctic ice sheet, would occur over a period of time
ranging from centuries to millennia for a global average
temperature increase of 1-4°C (relative to 1990-2000), causing
a contribution to sea-level rise of 4-6 m or more. The complete
melting of the Greenland ice sheet and the West Antarctic ice
sheet would lead to a contribution to sea-level rise of up to 7 m
and about 5 m, respectively [Woarking Group 1 Fourth
Assessment 6.4, 10.7; Working Group 11 Fourth Assessment
1931

Based on climate model results, it is very unlikely that the
Meridional Overturning Circulation (MOC) in the MNorth
Atlantic will undergo a large abrupt tramsition during the 21st
century. Slowing of the MOC during this century is very likely,
but temperatures over the Atlantic and Europe are projectsd w
increase nevertheless, due to global warming. Impacts of large-
scale and persistent changes in the MOC are likely to include
changes o marine ecosystem productivity, fisheries, ocean
carbon dioxide uptake. oceanic oxygen concentrations and
terrestrial vegetation { Working Group I Fourth Assessment 10.3,
10.7; Working Group II Fourth Assessment 12.6, 19.3].

knpacts of cBmate change will vary regionally bul, aggregatad
and discounted to the present, they are very likely & impose
net annaal costs which will increase over time as glohal
temperatures Increase.

This Assessment makes it clear that the impacts of future climate
change will be mixed across regions. For increases in glohal mean
temperature of less than 1-3°C above 1990 Jevels, some impacts
are projecied to produce benefits in some places and some sectors,
and produce costs in other places and other sectors. It is, however,
projected that some low-Iatitude and polar regions will experience
net costs even for small increases in temperature. It is very likely
that ali regions will experience either declines in net benefits or
increases in et costs for increases in temperature greater than
about 2-3°C [2.ES, 95, 106, T109, 153, 15ES]. These
observations confirm evidence reported in the Third Assessment
that, while developing countries are expected to experience larger
percentage losses, global mean losses could be 1-5% GDPfor4°C
of warming [F20.3].

Many estimates of aggregate net economic costs of damages from

climate change across the globe (i.e., the social cost of carbon

(SCC), expressed in t2yms of futnre net benefits and costs that are

discounted to the present) are now available. Peer-reviewed.
estimates of the SCC for 2005 have an average value of US43
per tonne of carbon (L., US$12 per tenne of carbon dioxide), but

the mnge around this mean is large. For example, in a survey of

100 estimates, the values ran from US$-10 per fonne of carbon

(US$-3 per tonne of carbon dioxide) up to US$350 per tonne of

carban (US$95 per tonne of carbon dioxide) [20.6].

The large ranges of SCC are due in the large part to differences
in assumptions regarding climate sensitivity, response lags, the
treatment of risk and equity, economic and non-economic
impacts, the inclusion of potentially catastrophic losses, and
discount rates. It is very likely that globally aggregated figures
underestimate the damage costs because they cannot include
many non-quantifiable impacts. Taken as 4 whole, the range of
published evidence indicates that the net damage costs of climate
change are likely to be significant and 10 increase over time
{T20.3, 20.6,.F20 4].

It is virtually certain that aggregaie estimates of cosis mask
significant differences in impacts across sectors, regions,
countries and populations. In some locations and among some
groups of pecple with high exposure, high sensitivity and/or iow
adaptive capacity, net costs will be significantly larger than the
global aggregate [20.6, 20.ES. 74].
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Plhenamenan® and
direction of rend

Likehihood of futvre

Lends based on

projections for 215t

century using
SRES scenarivs

Agricukure, forestiy

and ecosyslems
[4.4, 5.4]

Sxamples of mujor projected impacts by sectar

Water resources

3.41

Human health [3.2,
5.4]

Industry, settlement and
socisty [7.4]

Over most land Virtually certain® Increased vields in | Effects on water Reduced human Reduced energy demand for
areas, warmer and .| colder resources relying | movtality from heating; increased demand for
fewer cold days ervironments; on snow melt; tecreased cokd cooling; declining ar quality in
and nights, decreased yields in | effects on some sApOSUre cities; reduced disruption to
warmer and more warmer environ- water supplies transport due to snow, ice;
frequent hot days ments; increased effecis on winter tourism
and nights nsect outbreaks:
Warm spelis/heat | Very likely Reduced vields in | Increased water Increased risk of Reduction in quality of life for
waves. Frequency warmer regions demand; water heat-related peopie in warm areas without
increases over due to heat stress; | quality problams, | mortality, espee- appropwiate housing; impacts
most land areas increased danger | ag., algalblooms | ially for the elderly, | on the viderly, very young and
- of wiklfire chronically sick, poor
very young and
socially-isclated
Heavy Very likely Damage to crops; | Adverse effeots on | Increased risk of Disruption of setiiements,
precipitation soll erosion, quallly of surface | deaths, injurias commerce, iransport and
avants., Frequency inability to and groundwater; | and infectious, societies due to flooding;
Incroases over cultivate land due | comtamination of | vespiratory and Pressures on urban and rural
most areas 1o wateriogging of | water supply; skin digeases Infrastructures; loss of
soils water scarcity may proparty
be refieved
Arca affected by | Likely Land degradation; | More widespread | Increasedriskof | Waler shortages for
drought increases lower yieldsicrop | water stress food and water settlemments, industry and
damage and shortage; increased | societias; reduced
failure; increased risk of malmuirition; | hydropower generation
livestock deaths; increased risk of patentials; potential for
increased risk of water- and food- population migration
wildfire bome dissases
Intense tropical Likely Damage to craps; | Power outages Increased risk of | Disruption by flood and high
cyclone activity windthrow causing disruption | deaths, injurias, winds; withdrawal of risk
increases {uprooting) of of public water water- and food- | coverage in vuinerable areas
trees; damage 0 | supply borne diseases: by private insurers, potential
coral reefs post-traumatic tor populstion migrations, loss
stress disorders of property
Increasad Likaly® Salinisation of Decreased Increased risk of Costs of coastal protection’
inckdence of Irvigation water, frashwatesr deaths and injuries | versus cosis of land-use
extreme high sea estuaries and avaliabiiity due to | by drowning in relocation; potential for
level (excludes freshwater saltwater intnesion | floods; migration- | movement of populations and
tsunamis)® systoms - related health infrastructure; also see
effects Propical Gyclones above J

* See Working Qroup | Fourth Assessment Table 3.7 for further detalls reganding deflnliions,

* Warming of the most exireme days and riphts sach year,

¢ Extrerne high sea lavsl dspands on average sea level and on reglonalwealhersyslams.lthdmaamemghasn%dmwﬂluasdobmedseamatam
for a given reference period.

2 In all scenarias, the projected global average 328 level at 2700 is higher than in the reference period [Weorking Group | Fourth Assessment 10.6]. The etfect of changes

in regional weather systems on sea level axiremes has not been assessed,

Table SPM.1. Svarnples of passible impacts of climate change due lo changes in sxtrame wealher and climate events, basso on projections to the
mid- to fate 21st century, These do not take into account any changes or developments in apapiive capacity. Examplas of all entries are to be found
in chapilers in the full Assessment (see source gt top of columns). The first two columns of the table (shadad yellow) are taken directly fram ithe
Working Group ! Fourth Assessment {Tala SPM-2). The likefhood eslimates in Coivrmn 2 relate to the phenomena isted in Cokamin 1,
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D. Current knowledge about respending
to climate change

Some adaptation is occurring now, to observed and projected
future climate changa, but on a limited basis.

There is growing evidence since the IPCC Third Assessment of
human activity to adapt to cbserved and anticipated climate
change. For example, climate change js considered in the design
of infrastructure projects such as coastal defence in the Maldives
and The Netherlands, and the Confederation Bridge in Canada.
Other examples include preveation of glacial lake outburst
flooding in Nepal, and policies and strategies such as water
management in Australia and government responses to heat-
waves in, for example, some European countries [7.6, 8.2, 8.6,
17.E8.17.2,165,11.5]. '

Adaptation will be necessary to address impacts resulting
from the warming which Is already unavoidable due to past
entissions. :

Past emissions are estimated to involve some unavoidable
warming (about a further 0.6°C by the end of the century relative
to 1980-1999) even if atmospheric greenhouse gas concen-
trations remain at 2000 levels (see Working Group 1 Fourth
Assessment). There are some impacts for which adaptation is
the only available and appropriate response. An indication of
these impacts can be seen in Figure SPM.2.

& wide array of adaptation options is avallable, but more
extensive adaptation than is currenily occurring is required
to reduce vulnerability to future climate change. There are
barriers, limits and costs, but these are not fully understood.

Impacts are expected to increase with increases in global averags
temperature, as indicated in Figure SPM.2. Although many early
impacts of climate change can be effectively addressed through
adaptation, the options for successful adaptation diménish and
the associated costs increase with increasing climate change. At
present we do not have a clear picture of the limits o adaptation,
or the cost, partly because effective adaptation measures are
highly dependeat on specific, geographical and climate risk
facrors as well as institutional, political and financial constraints
[76,172,174].

The array of potential adaptive responses avaiiable to human
societies is very large, ranging from purely technological (e.g.,

" sea defences), through behavioural (e.p., altered food and

recreational choices), to managerial {e.g., altered farm practices)
and w policy {(e.g., planning regulations). While most
technologies and strategies are known and developed in some
countries, the assessed literature does not indicate how effective
various options? are at fully reducing risks, particularly at higher
levels of warming and related impacts, and for velnerable
groups. In addition, there are formidable environmental,-
economic, informational, social, attitudinal and behavicural
barriers to the implementation of adaptation. Far developing
countries, availability of resources and building adaptive
capacity are particularly important [see Sections 5 and 6 in
Chapters 3-16; also 17.2, 17 4].

Adaptation alone is not expected to cope with al the projected
effects of climate change, and especially not over the long term
most impacts increase in magnitude [Fignre SPM.2].

Vulnerability to climate change can be exacerbated by the
presence of other skresses.

Non-climate stresses can increase vulnerability to climate
change by reducing resilience and can also reduce adaptive
capacity because of resource deployment to competing needs.
For example, current stresses on some coral reefs include marine
pollution and chemical runoff from- agriculture as well as
increases in water temperature and ocean acidificaiion.
Vulnersble regions face multiple stresses that affect their
exposure and sensitivity as well as their capacity to adapt. These
stresses arise from, for example, current climate hazards, poverty
and unequal access to resources, food insecurity, trends in
economic globalisation, conflict, and incidence of diseazes such
as HIV/AIDS [7 .4, 8.3, 173, 20.3]. Adaptation measures are
seidom undertaken in response 10 climate change alone but can
be integrated within, for example, water resource management,

coastal defence and risk-reduction strategies |17.2, 17.5]. ’

Future vulnterability depends not only on climate clange but
also on developmont pathway. )

An important advance since the JPCC Third Assessment has
been the completicon of impacts studies for a range of different
development pathways taking into acoount not only projected
climate change but also projecied social and economic changes.
Most have been based on characterisations of population and
income level drawn from the IPCC Special Report on Emission
Scenarios (SRES) (see Endbox 3) [2.4].

' A table of options is given in the Techpical Summary
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These studies show that the projected impacts of climate change
can vary greatly due o the development pathway assumed. For
example, there may be large differences in regional population,
income and technofogical development under alternative
scenarios, which are often a strong determinant of the level of
vulnerzbility to climata changs [2.4].

To illustrate, in a number of recent studies of global impacts of
climate change on food supply, risk of coastal flooding and water
scarcity, the projected number of people affected is considerably
greater under the A2<type scenario of development
{characterised by relatively low per capita income and large
population growth) than under other SRES futures [T20.6]. This
difference is largely explained, not by differences in changes of
climate, but by differences in vulnerability [T6.6].

Sustalnable developmeant' can reduce vulnerahility to cllimate
change, and climate change could impede nations’ abilities
to achieve s_uslalmhla development pathways.

Sustainable development can reduce vulnerability to climate
change by enhancing adaptive capacity and increasing
resilience. At present, however, few plans for promoting
sustainability have explicitly included either adapting to-climate
change impacts, or promoting adaptive capacity [20.3].

On the other hand, it is very likely that climate change can slow
the pace of propress towards sustainable development, either
directly through increased exposure to adverse impact or
indirectly through erosion of the capacity to adapt. This point is
clearly demonsirated in the sections of the sectoral and regional
chapters of this report that discuss the implications for sustainable

development [See Section 7 in Chapters 3-8, 20.3, 20.7].

The Millennium: Development Goals (MDGs) are one measure
of progress towards sustainable development. Over the next
half-century, climate change counld impede achievement of the
MDGs [20.7].

Many impacts can be avoided, reduced or delayed by
mitigation.

A sinall number of impact assessments have now been
completed for scenarios in which future atmospheric

concentrations of greenhouse gases are stabilised. Although
these studies do not take full account of uncertainties in
projected climate under stabilisation, they nevertheless provide
indications of damages avoided or vulnerabilities and risks
reduced for different amounts of emissions reduction [2.4,
T206].

A porticlio of adaptation and . mifigation measures can
timinish the risks associated with climate change.

Even the most stringent mitigation efforis cannot avoid further
impacts of climate change in the next few decades, which makes
adaptation essential, particulaly in addressing near-tsrm
impacts. Unmitigated climate change would, in the long term,
be likely to exceed the capacity of natural, managed and human
systems to adapt [20.7].

This suggests the value of a portfolio or mix of strategies that
includes mitigation, adaptation, technological development (to
enhance both adaptal.ion and mitigation} and research (on
climate science, impacts, adaptation and mitigation). Such
portfolios could combine policies with incentive-based

- approaches, and actions at all levels from the individusl citizen

through to national governments and intemational organisations
(18.1,18.5].

One way of increasing adaptive capacity is by introducing the

consideration of climate change impacts in development

planning [18.7], for example, by:

» including adaptation measures in land-use planning and
mirasteucture design [17.2];

* including measures to reduce vulnerability in exnstmg disaster
risk reduction strategies [17.2, 20.8).

E. Systematic nhserving and research

Although the science 10 provide policymakers with information
about climate change impacts and adaptation potential has
improved since the Third Assessment, it still leaves many
impartant guestions fo be answered. The chapters of the Working
Group I Fourth Assessment include a number of judgements about
priorities for further observation and research, and this advice
should be considered seriously (a list of these recommendations is
given in the Technical Summary Section TS-6).

* The Brundtiand Commission definition of sustsinahle development is used in this Assassment: "development that mests the needs of the present withaut compromising
the ability of future gansrations to mast thair own needs”™. The same definition wes used by the [PCC Working Group Nl Third Assessment and Thind Assesemant

Synthesis Repart,
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Endbox 1 Deﬂmtlons of key terms

’ Gllmate change in IPCC usage refers to any chan|e in c!imate aver t[me whather dueto naturﬂ vmahiﬂy or a8 a resutt of .

‘human activity. This usage differs from that in the Framework Convertion on Climate Change, where climate change refers ~

to a change aof climate that is attributed directiy or indirectly to human activity that alters the camposition of the global
.atmosphere and thatisin addttlon to natural cimate variability observed over comparable time periods.

Adaptwe capacrty is the ability of a system to ad]ust to climate- chango {i ndudmg ollmate variabliity and extromes) to

!udlng climate vanablhty and extremes. Vulnerabllﬂy Is a functlon ofthe dmcter. magmtude and rate nf ciimate chmge ,' '
"vanatmn to WhICh a systam is exposed |ts senslﬂvity and its adaphva capaclty o

Endbox 2. Communication of Unoartamty in the Working Group il Fow'th Assassment

A set of terms 1o describe uncertainties in current knowledge Is common to al parts-of the lPGC Fourth Assessment.

D’escnpbon of confidence

Authars have assigned a conﬂdénce level to thé major statements in 'the Bummary for Policymakers on nthe b&SIS of thea'.
aasassmant of current knowiedge as follows . .

'Temlno{ogy S Degme of conﬂdmce in bea‘ng comeer”

. Very high confidence | At least 9.out of 10 chance of bemg oorrect
" High confidence - * Abouit B out of 10 chance--

- Medium confidence About 5 out of 10 chance -

" Lowconfidence ~ . About2 out of 10 chance

. Very Iow'confdence " Lessthana{ out of 10 chance -

l;lkellhood refers to a probablis'hc assessment of some wall-deﬁned cutcome having occurred ar oowmng in tha future, and
rmy be based on quantltailve analysls of an allcttatlon of expart views, I the Su'nmary for Pollcyn'lakﬂ's when authors
jate the hkalnhood of oertain outcumos, the assocuated fneanings are: ‘ .

Terrmnofogy T leelrhoodofﬂre occun'encel outoome :
©Virtually certain - T . >80% probabllnyofoccurrenoe Coees
Nery likely - ’.. . 1901to 99% probability -

Likely = ’ -, 66 ta 90%. probabiity -

+ About as likely as- ot 88to 86% probability,

L Unbikely - - 101033% probabllity.

~“Very unlikely - . 110.10% probabilty .-

: Excap'tlonally unllkely' < % probabllfty
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STERN REVIEW: The Economics of Climate Change

Executive Summary

The scientific evidence is now overwhelming: climate change presents very serious
global risks, and it demands an urgent global response.

This independent Review was commissioned by the Chancellor of the Exchequer,
reparting to both the Chancellor and to the Prime Minister, as a contribution to
assessing the evidence and building understanding of the economics of climate
change.

The Review first examines the evidence on the economic impacts of climate change
itself, and explores the economics of stebilising greenhouse gases in the
atmosphere. The second half of the Review considers the complex policy challenges
involved in managing the transition to a low-carbon economy and in ensuring that
societies can adapt to the consequencas of climate change that can no longer be

.avaided,

The Review takes an international perspective. Climate change is global in its
causes and consequences, and international collective action will be critical in driving
an effective, efficient and equitable response on the scale required.  This response
will require deeper intemational co-operation in many areas - most notably in creating
price signals and markets for carbon, spuming technology research, development
and deployment, and promoting adaptation, particularly for developing countries.

Climate change presents a unigue challenge for economics: it is the greatest and
widest-ranging market failure ever seen. The economic analysis must therefore be
global, deal with keng time harizons, have the economics of risk and uncertainty at
centre stage, and examine the possibility of major, non-marginal change. To meet
these requirements, the Review draws on ideas and technigues from most of the
important areas of economics, including many recent advances.

The beneflts of strong, sarly action on climate change cutweigh the costs

The effects of our actions now on future changes in the climate have long lead times.
What we do now can have only a limited effect on the climate over the next 40 or 50
years. On the other hand what we do in the next 10 or 20 years can have a profound
effect on the climate in the second half of this century and in the next.

No-one can predict the consequences of climate change with complete certainty, but -
we now know enough to understand the risks. Mitigation - taking strong action to
reduce emissions - must be viewed as an investment, a cost incurred now and in the
coming few decades to avold the risks of very severe consequences in the future. If
these investments are made wisely, the costs will be manageable, and there will be a
wide range of opportunities for growth and development along the way. For this to
work well, policy must promote sound market signals, overcome market failures and
have equity and risk mitigation at its core. That essentially is the conceptual
framework of this Review. -

The Review considers the economic costs of the impacts of climate change, and the
costs and benefits of action to reduce the emissions of greenhouse gases (GHGs)
that cause it, in thrae differant ways:

» Using disaggregated techniques, in other words considering the physical
impacts of climate change on. the economy, on human life and on the
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environment, and examining the resource costs of different technologies and
sirategies to reduce greenhouse gas emissions;

» Using economic models, inciuding integrated assessment modeis that
estimate the economic impacts of climate change, and macro-economic
models that represent the costs and effects of the transition to low-carbon
energy systems for the economy as a whole;

* Using comparisons of the current level and future trajectories of the ‘social
cost of carbon' (the cost of impacts associated with an additional unit of
greenhouse gas emissions) with the marginal abatement cost (the costs
associated with incremental reductions in units of emissions).

From gll of these perspectives, the evidence gathered by the Review leads to a
simple conclusion: the benefits of strong, early action considerably outwaigh the
costs.

The evidence shows that ignoring climate change will eventually damage economic
growth. Our actions over the coming few decades could create risks of major
disruption to economic and social activily, later in this century and in the next, on a
scale similar to those associated with the great wars and the economic depression of
the first half of the 20™ century. And it will be difficult or impossible to reverse these
changes. Tackling climate change is the pro-growth strategy for the longer term, and
it can be done in a way that does not cap the aspirations for growth of rich or poor
countries. The earlier effective action is taken, the less costly it will be.

At the same time, given that climate change is happening, measures o help peaple
adapt to it are essential. And the less mitigation we do now, the greater the dlfﬁcully
of continuing to adapt in future.

ke
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The first half of the Review considers how the evidence on the economic impacts of
climate change, and on the costs and benefits of action to reduce greenhouse gas
emissions, relates to the conceptual framewark described above.

The scientific evidence points o increasing risks of serious, lrreversible
impacts from climate change assoclated with business-as-usual {BAU) paths
for emissions. :

The scientific evidence on the causes and future paths of climate change is
strengthening all the time. In particular, scientists are now able to attach probabilities
to the temperature outcomes and impacts on the natural envirenment associated with
different levels of stabilisation of greenhouse gases in the atmosphere. Scientists
also now understand much more about the potential for dynamic feedbacks that
have, in previous times of climate change, strongly amplified the underlying physical
processes. -

The stocks of greenhouse gases In the atmosphers (including carbon dioxide,
methane, nitrous oxides and a number of gases that arise from industrial processes)
are rising, as a result of human activity. The scurces are summarised in Figure 1
below.

The current level or stock of greenhouse gasas in the atmosphere is equivalent to
around 430 parts per million {ppm) CO; !, compared with only 280ppm befors ths
industrial Revolution. These concentrations have already caused the world to warm
by more than haf a degree Celsius and will lead to at least a further half degree
warming over the next few decades, because of the inertia in the climate system.

Even if the annual flow of emissions did not increase beyond today's rate, the stock
of greenhouse gases in the atmosphere wouki reach double pre-industrial levels by
2050 - that is 550ppm COze - and would continue growing thereafter. But the
annual flow of emissions is accelerating, as fast-growing economies invest in high-
carbon infrastructure and as demand for energy and transport increases around the
world. The level of 550ppm CO,e could be reached as early as 2035. At this level
there is at least a 77% chance - and perhaps up to a 99% chance, depending on the
climate model used - of a glabal averags temperature rise exceeding 2°C.

' Reforred to hereafter as CO; equivalent, CO.e
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Figure 1 Greenhouse-gas emissions in 2000, by source -
ENERGY
SRR Other energy o
Power R
(24%) 4 R related (5%) e
Waste (3%)
Transport Agriculture
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- ' NON-ENERGY
?8‘;',:‘}""93 EMISSIONS
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Energy emissions are moglly CO, (some non-CO; in industry and other enengy ralated).
Nm-enerny emmlons are CO, (iand use] and non-OO, (agnculture and wasta} )
SOu'ee Preparsd by Stam Revlew from data drawn fmm Worid Resouroas Inatilute Cllmate
Analysls Indicators Tool (CAIT) on-line databass version 3.0. ]

Under a BAU scenario, the stock of greenhouse gases could more than treble by the
end cf the century, giving at least a 50% risk of exceeding 5°C global average
temperature change during the following decades. This would take humans into
unknown territory. An illustration of the scale of such an increase is that we are now
only around 5°C wammer than in the last ice age.

Such changes would transform the physical geography of the world. A radical
change in the physical geography of the world must have powerful implications for
the human geography - where people live, and how they live their lives.

Figure 2 summarises the scientific evidence of the links between concentrations of
greenhouse gases in the atmosphere, the probability of different levels of global
average temperature change, and the physical impacts expected for each level. The
risks of serious, ireversible impacts of climate change increase strongly as
concentrations of greenhouse gases in the atmosphere rise.
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Figure 2 Stabilisation levels and probability ranges for temperature increases

The figure below lllustrates the types of Impacts that could be experienced as the werld comes into
aquilibrium with mcne greenhouse gases. The top panel shows the range of temperatures projected at
stabilisation levels between 400ppm and 750ppm COze at equilibrium. The solid honzonhal linas indicate
the 5'- 95% range based on cBmate sensitivity estimates from the IPCC 2001% and & recent Hadley
Centre ensemble study”. The vertical ine indicaies the maan of the 50" percentiie point. The dashed
linas show tha 5 - 85% range basad on sleven recent studies”. The bottom panel lllustrates the range of
impacts expected at diffsrent levels of waming. The relationship between global average temperature
changes and regional cimate changes is very unceriain, especially with regard to changes in
precipitation (see Box 4.2). This igure shows potential changes based on current scientific Herature.

- Bk -4 2 SR
*; 480 ppm €O : ; .

i satippm CO |

!

z Wigley, T.M.L. and 5.C.B. Raper (2001): "interpretation of high projections for global-mean warming’, Scisnoe 293:
451-454 based on Intergovemmenital Panel on Climate Change (2001): ‘Climate change 2001: the scientific basis.
Contribution of Working Group | 1o the Third Assesament Reporl of the Interpovernmental Panei on Climate Change’
fHouahton JT, Ding Y, Griggs DJ, et al. (eds.)), Cambridge: Cambridge University Press.

Murphy, J.W., D.M.H, Sexton D.N. Bamnett et al. (2004); ‘Quantification of modelling uncertainties in a larpe
ensemble of dlimate change simitations', Nature 430: 768 - 772

* Meinshausen, M. (2006} "Wnal does a 2°C target mean for greenhouse gas concentrations? A brief analysis based

" on mulfi-gas emission pathways and several climate sensitivity uncertpinty estimates’, Avolding dangerous climaie

change, in H.J, Schelinhuber et al. (eds.}, Cambriige: Cambridge University Prees, pp.265 - 280,




STERN REVIEW: The Economics of Climate Change

Climate change threatens the basic cloments of life Tor people around the
world - access (0 water, food production, health, and use of land and the
environment.

Estimating the economic costs of climate change is chalienging, but there Is a range
of methods or approaches that enable us io assess the likely magnitude of the risks
and compare them with the costs. This Review considers three of these
approaches. ‘

This Review has first considered in detail the physical impacts on economic activity,
on human life and on the environment.

On current trends, average global temperatures will rise by 2 - 3°C within the next
fifty years or 0. ° The Earth will be committed to several degrees more warming if
emissions continue ta grow.

Warming will have many severe impacts, often mediated through water:

= Melting glaciers will initially increase flood risk and then strongly reduce water
supplies, eventually threatening one-sixth of the world's population,
predominantly in the Indian sub-continent, parts of China, and the Andes in
South America.

- »_ Declining crop yiekls, espscially in Africa, could leave hundreds of millions
without the ability to produce or purchase sufficient food. At mid to high
latitudes, crop yields may increase for moderate temperature rises (2 - 3°C},
but then decline with greater amounts of wamming. At 4°C and above, global
food production is likely to be seriously affected.

+ In higher latitudes, cold-related deaths will decrease. But climate change will
increase worldwide deaths from malnutrition and heat stress. Vector-bome
diseases such as malaria and dengue fever could become more widespread
if effective control measures are not in place.

» Rising sea levels will result in tens to hundreds of millions mora people
flooded each year with warming of 3 or 4°C. There will be serious risks and
increasing pressures for coastal protection in South East Asia (Bangladesh
and Vietnam), small islands in the Caribbean and the Pacific, and large
coastal cities, such as Tokyo, New York, Cairc and London. According to one
estimate, by the middle of the century, 200 million people may become
permanently displaced due to rising sea levels, heavier floods, and more
intense droughts.

+ Ecosystems will be particularly vuinerable to climate change, with around 15 -
40% of species potentially facing extinction after only 2°C of warming. And
ocean acidification, a direct resuit of rising carbon dioxide levels, will have
major effects on marine ecosystems, with possible adverse consequences on
fish stocks.

S All changes In global mean temperature are expressed relafive 1o pre-industrial levels (1750 - 1850).

vi
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The damages from climate change will accelerate as the world gets warmer.

Higher temperatures will increase the chance of triggering abrupt and large-scale
changes.

« Warming may induce sudden shifts in regional weather patterns such as the
monsoon rains in South Asia or the ‘El Nifio phenomenon - changes that
would have severe consequences for water availability and fiooding in tropical
regions and threaten the livelihoods of milions of peaple.

« A number of studies suggest that the Amazon rainforest could be vulnerable
to climate change, with models prajecting significant drying in this region. One
model, for example, finds that the Amazon rainforest could be significantly,
and possibly irrevocably, damaged by a warming of 2 - 3°C.

+ The melting or collapse of ice sheets would eventually threaten land which
today is home to 1 in every 20 people.

While there is much to learn about these risks, the temperatures that may result from
unabated climate change wilf take the warld outside the range of human expenance
This points to the possibility of very damaging consequences.

The impacts of climate change are not evenly distributed - the poorest
countries and people will suffer earliest and most. And if and when the
damages appear it will be foo late to reverse the process. Thus we are forced
to iook a long way ahead.

Climate change is a grave threat to the developing world and a major cbstacle to
continued poverty reduction across its many dimensions. First, developing regions
are at a geographic disadvantage: they are aiready warmer, on average, than
developed regions, and they also suffer from high rainfail variability. As a result,
further warming will bring poor countries high costs and few benefits. Second,
developing countries - in particuler the poorest - are heavily dependent on
agriculture, the most climate-sensitive of all economic sectors, and suffer from
inadequate health provision and low-quality public services. Third, their low incomes
and vulnerabilities make adaptation to climate change particularly difficult.

Because of these vulnerabilities, climate change is likely to reduce further already
low incomes and increase illness and death rates in developing countries. Falling
farm incomes will increase poverty and reduce the ability of households to invest in @
better future, forcing them to use up meagre savings just to survive. At a national
level, climate change will cut revenues and raise spending needs, worsening public
finances.

Many developing countries are already struggling to cope with their current climate.
Climatic shocks cause setbacks to economic and social development in developing
countries today even with temperature Increases of iess than 1°C.. The impacts of
unabated climate change, - that is, increases of 3 or 4°C and upwards - will be to
increase the risks and costs of these events very powerfully.

Impacts on this scale could spill over national borders, exacerbating the damags
further. Rising sea leveis and other climate-driven changes could drive millions of
people to migrate: more than a fifth of Bangladesh could be under water with a 1m
rise in sea levels, which is a possibility by the end of the century. Climate-ralated
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shocks have sparked violent conflict in the past, and conflict is a serious risk in areas
such as West Africa, the Nile Basin and Central Asia.

Climate change may initially have small positive effects for a fow developed
couniries, but is likely to be very damaging for the much higher temperature
increases axpected by mid- to late-century under BAU scenarios.

In higher latituda reglons, such as Canada, Russia and Scandinavia, climate change
may lead to net benefits for temperature increases of 2 or 3°C, through higher
agricultural yields, lower winter mortality, lower heating requirements, and a possible
boost to tourism. But these regions will also experience the most rapid rates of
warming, damaging infrastructure, human heaith, local livelihoods and biodiversity.

Developed countries in lower latitudes will be more vulnerable - for axample, water
availability and crop yields in southern Europe are expected to decline by 20% with a
* 2°C increase in global temperatures. Regions where water is already scarce will face
serious difficulties and growing costs.

The increased costs of damage from extreme weather (storms, hurricanes, typhoons,
floods, droughts, and heat waves) counteract some early benefits of climate change
and will increase rapidly at higher temperatures. Based on simple extrapolations,
costs of exirems weather alons could reach 0.5 - 1% of worlkd GDP per annum by the
middle of the century, and will keep rising if the world continues to warm.

« A 5 or 10% increase in hurricane wind speed, linked to rising sea
tamperatares, is predicted approximately to double annual damage costs, in
‘the USA,

+ In the UK, annual fiood losses alone could increase from 0.1% of GDP today .
to 0.2 - 0.4% of GDP once the increase in global average temperatures
reaches 3 or 4°C.

+ Hest waves like that experienced in 2003 in Europe, when 35,000 people
died and agricultural losses reached $15 billion, will be commonplacs by the
middle of the century.

At higher temperatures, developed economies face a growing risk of large-scale
shocks - for example, the rising costs of extreme weather events could affect global
financial markets through higher and more volatile costs of insurance.

Integrated assessment models provide a tool for estfmating the total impact on
the economy; our estimates suggest that this is likely to be higher than

previously suggested.

The second approach to examining the risks and costs of climate change adopted in
the Review is to use integrated assessment models to provide aggregate monetary
astimates.

Fomal modeliing of the overall impact of climate change in monetary terms is a
formidable challenge, and the limitations to modelling the world over two centuries or
more demand great caution in interpreting results. However, as we have explained,
the lags from action to effect are very long and the quantitative analysis needed to
inform action will depend on such fong-range modetling exercises. The monetary
impacts of climate change are now expected to be more serious than many earlier
studies suggested, not least because those shudies tended to exclude some of the
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most uncertain but potentially most damaging impacts. Thanks {o recent advances in
the science, it is now possible to examine these risks more directly, using
probabilities.

. Most formal madelling in the past has used as a starling point'a scenario of 2-3°C

warming. In this temperature range, the cost of climate change could be equivaient to
a permanent loss of around 0-3% in global world output compared with what could
have been achieved in a world without climate change. Developing countries will
suffer even higher costs.

However, those earlier models were too optimistic about warming: more recent
evidence indicates that temperature changes resulting from BAU trends in emisslons
may exceed 2-3°C by the and of this century. This increases the likelihood of a wider
range of impacts than previously considered. Many of these impacts, such as abrupt
and large-scale climate change, are more difficult to quantify. With 5-6°C warming -
which is a real possibility for the next century - existing models that include the risk of
abrupt and large-scale climate change estimate an average 5-10% loss in global
GDP, with poor countries suffering costs in excess of 10% of GDP. Further, there is
some evidence of small but significant risks of temperature rises even above this
range. Such temperaturs increases would take us into tamitory unknown to human
experience and involve radical changes in the wortd around us.

With such possibilities on the horizon, it was clear that the modelling framework used
by this Review had to be buidt around the economics of risk. Averaging across
possibilities conceals risks. The risks of oulcomes much worse than expected are
very real and they could be catastrophic. Policy on climate change is in large
measure about reducing these risks. They cannot be fully eliminated, but they can
be substantially reduced. Such a modelling framework has to take into account
ethical judgements on the distribution of income and on how lo treat fulure
generations. :

The analysis should not focus only on narrow measures of income like GDP. The
consequences of climate change for health and for the environment are likely to be
severe. Overall comparison of different strategles will include evaluation of these -
consequences too. Again, difficult conceptual, ethical and measurement issues are
involved, and the results have to be treated with due circumspection.

The Review uses the results from ane particular model, PAGE2002, to illustrate how
the estimates derived from these integrated assessment models change in response
fo updated scientific evidence on the probabilities attached to degrees of tamperature
rise. The choice of model was guided by our desire to analyse risks explicitly - this is
one of the very few modeis that would allow that exercise. Further, iis underlying
assumptions span the range of previous studies. We have used this model with one
set of data consistent with the climate predictions of the 2001 report of the
Intergovernmental Panel an Climate Change, and with one set that includes a smali

“increase in the amplifying feedbacks in the cimate system. This increase illustrates

one area of the increased risks of climate change that have appeared in the peer-
reviewed scientific literature published since 2001.

We have also cansidered how the application of appropriate discount rates,
assumptions about the equity welghting attached to the valuation of impacts in poor
countries, and estimates of the impacts on mortality and the environment would
Increase the estimated economic costs of climate change.
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Using this model, and including those elements of the analysis that can be
incorporated at the moment, we estimate the total cost over the next two centuries of
climate change associated under BAU emissions involves impacts and risks that are
equivalent to an average reduction in global per-capita consumption of at least 5%,
now and forever. While this cost estimate is aiready strikingly high, it also leaves out
much that is impeortant.

The cost of BAU would increase stil further, were the model systematically to take
account of three important factors:

s First, including direct impacits on the environment and human health
{sometimes called ‘non-market’ Impacts) Increases our estimate of the total
cost of climate change on this path from 5% to 11% of global per-capita
consumption. There are difficult analytical and ethical issues of measurement
here. The methods used in this model are fairly oonservative in the value they
assign to these tmpacts

= Second, some recent scientific evidence indicates that the climate system
may be more responsive to greenhouse-gas emissions than previously
thought, for example because of the existence of amplifying feedbacks such
as the release of methane and weakening of carbon sinks. Our estimates,
based on modelling a limited increase in this responsiveness, indicate that the
potential scale of the climate response could increase the cost of ciimate
change on the BAU path from 5% to 7% of global consumption, or from 11%
{0 14% if the non-market impacts described above are included.

o Third, a disproportionzte share of the climate-change burden falls on poor
regions of the worid. If we weight this unequal burden appropriately, the
estimated global cost of climate change at 5-6°C warming could be more than
one-quarier higher than without such weights.

Putting these additional factors togsethar would increase the total cast of BAU climate
change lo the equivalent of around a 20% reduction in consumption per head, now
and into the future.

In summary, analyses that take into account the full ranges of both impacts and
possible outcomes - that is, that employ the basic economics of risk - suggest that
BAU dimate change will reduce welfare by an amount equivalent to a reduction in
consumption per head of between 5 and 20%. Taking account of the Increasing
scientific evidence of greater risks, of aversion to the possibilities of catastrophe, and
of a broader approach to the consequences than implied by narrow output measures,
the appropriate estimate is likely to be in the upper part of this range.

Economic forecasting over just a few years is a difficult and imprecise task. The
analysis of climate change requires, by its nature, that we look out over 50, 100, 200
years and more. Any such modelling requires caution and humility, and the results
are specific to the model and its assumptions. They should not be endowed with a

precision and certainty that is simply impossible fo achieve. Further, some of the big
uncertainties in the science and the economics concem the areas we know least
about (for example, the impacts of very high temperatures), and for good reason -
this is unknown territory. The main message from these models is that when we try to
take due account of the upside risks and uncertainties, the probabilify-weighted costs
look very large. Much {but not all} of the risk can be reduced through a strong
mitigation policy, and we argue that this can be achieved at a far lower cost than
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those calculated for the impacts. In this sense, mitigation is a highly productive
investment.

Emissions have been, and continue fo be, driven by economic growth; yet
stabllisation of greenhouse-gas concentrations In the atmosphera is feasibla
and consistent with continued growth.

CO; emissions per head have been strongly correlated with GDP per head. As a
result, since 1850, North America and Europe have produced around 70% of ail the
CO; emissions due {o energy production, while developing countries have accounted
for less than one quarter. Most future emissions growth will come from today's
developing countries, because of their more rapid population and GDP growth and
their increasing share of anergy-intansive industries.

Yet despite the historical pattern and the BAU projections, the world does not need to
choose between averling climate change and promoting growth and development.
Changes in energy technologies and the structure of economies have reduced the
responsiveness of emissions to Income growth, particularly in some of the richest
countries. With strong, deliberste policy choices, it is possible to ‘decarbonise’ both
developed and devsloping ecanomies on the scale required for climate stabilisation,
while maintaining economic growth in both.

Stabilisation - at whatever level - requires that annual emissions be brought down to
the level that balances the Earth’'s natural capacity to remove greenhouse gases
from the atmosphere. The longer emissions remain above this level, the higher the
final stabilisation level, in the. long term, annual global emissions will need to be
reduced to below 5§ GtCOe, the levei that the earth can absorb without adding to the
concentration of GHGs in the atmosphere. This is more than 80% below the
absolute level of current annual emissions.

This Review has focused on the feasibility and costs of stabllisation of greenhouse
gas concentrations in the atmosphere in the range of 450-550ppm COze.

Stabilising at or below 550ppm CO.e would require global emissions to peak in the
next 10 - 20 years, and then fall at a rate of at least 1 - 3% per year. The range of
paths is illustrated in Figure 3. By 2050, global emissions would need to be around
25% below current levals. These cuts will have to be made in the context of a world
economy in 2050 that may be 3 - 4 times larger than today - 50 emissions per unit of
GDP would need to be just one quarter of current levels by 2050.

To stabilise at 450ppm CO;e, without overshooting, global emissions would need to
peak in the next 10 years and then fall at more than 5% per year, reaching 70%
below current levels by 2050.

Theoretically it might be possible to “overshoot” by allowing the atmospheric GHG
concentration to peak above the siabilisation level and then fall, but this would be
both practically very difficult and very unwise. Overshooting paths invoive greater
risks, as temperatures will also rise rapidly and peak at a higher level for many
decades before falling back down. Also, overshooting requires that emissions
subsequently be reduced to extremely low levels, below the level of natural carbon
absarption, which may not be feasible. Furthermore, if the high temperatures were to
weaken the capacity of the Earth to absorb carbon - as bacomes more likely with
overshooting - future emissions would need to be cut even more rapidly to hit any
given stabilisation target for atmospheric concentration.
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Figure 3 lliustrative emlsslons paths to stabilise at Gwppm COp.
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Achleving these deep cuts in emissions will have a cost. The Review estimates
the annual costs of stabilisation at 500-550ppm CQze to be around 1% of GDP
by 2050 - a level that is significant but manageabis.

Reversing the historical trend in emissions growth, and achieving cuts of 25% or
mare against today’s levels is a2 major challenge. Costs will be incurred as the world
shifts from a high-carbon to a low-carbon trajectory. But there will also be business
opportunities as the markets for low-carbon, high-efficiency goods and services
expand.

Greenhouse-gas emissions can be cut in four ways. Costs will differ considerably
depending on which combination of these methods is used, and in which sector:

* Reducing demand for emissions-intensive goods and services

» Increased efficiency, which can save both money and emissions

= Action on non-energy emissions, such as avoiding deforestation

» Switching to lower-carbon technologies for power, heat and transport
Estimating the costs of these changes can be done in two ways. One is to look at the

resource costs of measures, including the introduction of low-¢arbon technologies
and changes in land use, compared with the costs of the BAU alternative. This
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provides an upper bound on costs, as it does not take account of opportuniies to
respond involving reductions in demand for high-carbon goods and services.

The second is to use macroeconomic models to explore the system-wide effects of
the transition to a low-carbon energy economy. These can be useful in tracking the
dynamic interactions of different factors over time, including the response of
economies to changes in prices. But they can be compiex, with their resuits affected
by a whole range of assumptions.

On the basis of these two methods, central estimate is that stabilisation of
greenhouse gases at lavels of 500-550ppm CO.s will cost, on average, around 1% of
annual global GDP by 2050. This is significant, but is fully consistent with continued
growth and development, in contrast with unabated climate change, which will
eventually pose significant threats to growth.

Resource cost estimates suggest that an upper bound for the expected annual
‘cost of emissions reductions consistent with a trajectory leading to
stabilisation at 550ppm COxe is likely to be around 1% of GDP by 2050.

This Review has considered in detail the potential for, and costs of, technologies and
measures to cut emissions across different sectors. As with the impacts of climete
change, this is subject to important uncertainties. These include the difficulties of
estimating the costs of technologies several decades into the future, as well as the
way in which fossil-fuel pricas evolve in the future. It is aiso hard to know how people
will respond to price changes.

The precise evolution of the mitigation effort, and the composition across sectors of
emissions reductions, will therefore depend on all these factors. But it is possible to
make a central projection of costs across a portfolio of likely options, subject to-a
range.

The technical potential for efficiency improvements to reduce emissions and costs is
substantial. Over the past century, efficiency In energy supply improved ten-fold or
more in developed countries, and the possibilities for further gains are far from being
exhausted. Studies by the International Energy Agency show that, by 2050, energy
efficiency has the potantial to be the biggest single source of emissions savings in
the energy sector. This would have both environmental and economic benefits:
energy-sfficiency measures cut waste and often save money.

Non-energy emissions make up one-third of total greenhouse-gas emissions; action
here will make an important contribution. A substantial body of evidence suggests
that action to prevent further deforastation would be relatively cheap compared with
other types of mitigation, if the right policies and institutional structures ere put in
place, '

Large-scale uptake of a range of clean power, heat, and transport technologies is
required for radical emission cuts in the medium to long term. The power sector
around the world will have to be least 60%, and perhaps as much as 75%,
decarbonised by 2050 to stabilisea at or below 550ppm CQ:e. Deep cuts in the
transport sector are likely to be more difficult in the shorter term, but will ultimately be
needed. While many of the technologies to achieve this already exist, the priority is to
bring down their costs so that they are competitive with fossil-fuel alternatives under
a carbon-pricing policy regime.
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A portfolio of technologies will be required to stabilise emissions. It is highly unlikely
that any single technology will deliver all the necessary emission savings, because all
technologies are subject to constraints of some kind, and because of the wide range
of activites and sectors that generate greenhouse-gas emissions. It is also
uncertain which technologies will tum out to be cheapest. Henoe a portfolio will be
required far low-cost abatement.

The shift to a low-carbon global economy will take place against the background of
an abundant supply of fossil fuels. That is to say, the stocks of hydrocarhons that ara
profitable to extract {under current policies) are more than enough to take the world
to levels of greenhouse-gas concentrations well beyond 750ppm COe, with very
dangerous consequences. Indeed, under BAU, energy users are likely to switch
towards mare carbon-intensive coal and oil shales, increasing rates of emissions
growth.

Even with very strong expansion of the use of renewable energy and other low-
carbon energy sources, hydrocarbons may still make over half of global energy
supply in 2060. BExtensive carbon capture and storage would allow thls continued
use of foasil fuels without damage to the atmosphere, and also guard against the
danger of strong climata-change policy being undermined at some stage by falls in
fossil-fuel prices.

Estimates based on the likely costs of these methads of emissions reduction show
that the annual ¢osts of stabilising at around 550ppm CO.e are likely to be around
1% of global GDP by 2060, with a range from —1% (net gains) to +3.5% of GDP.

Looking at broader macroeconomic models confirms these estimates.

The second approach adopted by the Review was based comparisons of a broad
range of macro-economic model estimates {(such as that presented in Figure 4
below). This comparison found that the costs for stabilisation at 500-650ppm CO,e
were centred on 1% of GDP by 2050, with a range of -2%.to +5% of GDP. The
range reflects a number of factors, including the pace of technological innovation and
the efficiency with which policy is applied across the giobe: the faster the innovation
and the greater the efficiency, the lower the cost. These factors can be influenced by
policy.

The average expecied cost is likely to remain around 1% of GDP from mid-century,
but the range of estimates around the 1% diverges strongly thereafter, with some
falling and others rising sharply by 2100, reflecting the greater uncertainty about the
costs of seeking out ever more innovative methods of mitigation.
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Figure 4 Model cost projections scatter plot
Costs of C‘Og reductions as a fraction of world GDP against Ievel of reduction ;

Giobal and US GWP
difference from basa (%)

COR difterenca from base (%)

| - IMCP dataset - post-SRES dataset WRI dataset (USA oniy) |

Souirce: Barker, T,, M.8. Gureshi and J. Kihier (2008): The costs of greenhouse-gas miigation with
induced technobgbal change: A Meta-Analysis of estimates in the lilerature’; 4CMR, Cambridge Centre
for Climate Change Mmgauon Research, Cambridge: Univarsity of Cambridge.

A broad range of modeling studies, which include exercises undertaken by the IMCP, EMF
| and USCCSP as well at work commissioned by the IPCC, show that costs for 2050 consistent
with an erfissions trajsctory leading fo stabilisation at around 500-550ppm CO2¢ are
clustered In the range of 2% to 5% of GDP, with an average around 1% of GDP. The range
-reflects uncertainties over the scale of millgatlon reqmrad the paca of lachnologwa!
innovatlun and the degree of polley ﬂewblllty :

Tha ﬁgure above uses Barker’s oombmd three-model dataset to show the reducinn in
‘annual CO; emigsions from the baseline and the associated changes in world GDP. The wide
range ‘of model results reflects the design of the models and the choice of assurmtlons
included within them, which itself reflects uncertainties and differing approaches inherent-in'
projecting the future. This shows that the full range of estimates drawn from a variety of
stabilisation paths and years extends from —4% of GDP {that is, net galns) to +15% of GDP
costs, but this mainly reflects outlying studies; most estimates are stlll centred around 1% of
GDP. In particular, the models amriving at hlgher cost astimates make assumpﬂons about '
technaloglcal progress that are very pessimistic by historical standards.

Stabilisation at 450ppm CO.¢ is already almost out of reach, given that we are iikely
to reach this leval within ten years and that there are real difficulties of making the
sharp reductions required with current and foreseeable technologies. Costs rise
significantly as mitigation efforts bacome more ambitious or sudden. Efforts to
reduce emissions rapidly are likely to be very costiy.

An important corollary is that there is a high price to delay. Delay in faking action on
climate change would make it necessary to accept both more climate change and,
eventually, higher mitigation costs. Weak action in the next 10-20 years would put
stabilisation even at 550ppm CO.e beyond reach — and this level is already
associated with significant risks.
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The transition to a low-carbon economy wili bring challenges for
competitivenass but also opportunities for growth.

Coste of mitigation of around 1% of GDP are small relative i the costs and risks of
climate change that will be avoided. However, for some countries and some sectors,
the costs will be higher. There may be some impacts on the competitiveness of a
small humber of internationally traded products and processes. These should not be
ovenastimated, and can be reduced or eliminated if countries or sectors act together,
nevertheless, there will be a transition fo be managed. For the economy as a whole,
there will be benefitls from innovation that will offset some of these costs. All
sconomies undergo continuous structural change; the most successful economies
are those that have the flexibility and dynamism to embrace the change.

There are also significant new opportunities across a wide range of industries and
services. Markets for low-carbon energy products are likely to be worth at Ieast
$500bn per year by 2050, and perhaps much more. Individual companies and
counfries should position themselves to take advantage of these opportunities.

Climate-change policy can help fo root out existing inefficiencies. At the company
level, implementing climate policies may draw atfenfion fto money-saving
opportunities. At the economy-wide level, climate-change policy may be a lever for
reforming inefficient energy systems and removing distorting energy subsidies, on
which governments around the world currently spend around $250bn a year.

Policies on climate change can also help to achieve other objectives. These co-
benefits can significantly reduce the overall cost to the economy of reducing
greenhouse-gas emissions. If climate policy is designed well, it can, for example,
contribute to reducing ill-health and mortality from air pollution, and to preserving
forests that contain a signlificant proportion of the world’s biodiversity.

National objectives for energy security can also be pursued alongside ¢limate change
objectives. Energy efficiency and diversification of energy sources and supplies
support energy security, as do clear long-term policy frameworks for investors in
power generation. Carbon capture and storage is essential to maintain the role of
coal in providing secure and reliable energy for many economies.

Reducing the expected adverse impacts 'of climate change is therefore both
highly desirable and feasibie.

This conclusion follows from a comparison of the above estimates of the costs of

mitigation with the high costs of inaction described from our first two methods (the
aggregated and the disaggregated) of assessing the risks and costs of climate
change impacis.

The third approach to analysing the costs and benefits of action on climate change
adopted by this Review compares the marginal costs of abatement with the social
cost of carbon. This approach compares estimates of the changes In the expected
benefits and costs over time from a litle extra reduction in emissions, and avoids
large-scale formal economic modeils,

Preliminary calculations adopting the approach to valuation taken in this Review

suggest that the social cost of carbon today, if we remain on a BAU trajectory, is of
the order of $85 per tonne of CO; - higher than typical numbers in the literature,
largely because we freat risk explicitly and incorporate recent evidence on the rigks,
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but nevertheless well within the range of published estimates. This nurnber is well
above marginal abatement costs in many sectors. Comparing the sacial costs of
carbon on a BAU trajectory and on a path towards stabilisation at 550ppm CO2e, we
estimate the excess of benefits over costs, in net present value terms, from
implementing strong mitigation policies this year, shifting the world onto the better
path; the net benefits would be of the order of $2.5 triltion. This figure will increase
over time, This is not an estimate of net benefits occurring in this year, but a measure
of the benefits that could flow from actions taken this year; many of the costs and
benefits would be in the medium to long term.

Even if we have sensible policies in place, the social cost of carbon will also rise
steadily over time, making more and mare technolagical options for mitigation cost-
effective. This does not mean that consumars will always face rising prices for the
goods and services that they currently enjoy, as innovation driven by strong policy
will ultimately reduce the carbon intensity of our economies, and cansumers will then
see reductions in the prices that they pay as low-carbon technologies mature.

The three approaches to the analysis of the costs of climate change used In the
Review all point to the desirability of strong action, given estimates of the costs of
action on mitigation. But how much action? The Review goes on to examine the
economics of this question.

The current evidence suggests aiming for stabilisation somewhere within the range
450 - 550ppm CO.e. Anything higher would substantially increase the risks of very
harmful impacts while reducing the expected costs of mitigation by comparatively
little. Aiming for the lower end of this range would mean that the costs of mitigation
wolld be likely to rise rapidly. Anything lower would certainly impose very high
adjustment costs in the near term for small gains and might not even be feasible, not
least because of past delays in taking strong action. .

Uncertainty is an argument for a more, not less, demanding goal, because of the size
of the adverse climate-change impacts in the worst-case scenarios.

The ultimate concentration of greenhouse gases determines the trajectory for
estimates of the social cost of carbon; these also reflect the particular ethical
judgements and approach to the treatment of uncertainty embodied in the modelling.
Preliminary work for this Review suggests that, if the target were between 450-
550ppm CO.e, then the social cost of carbon would start in the region of $25-30 per
tonne of CO; — around one third of the level if the world stays with BAU.,

The social cost of carbon is likely to increase steadily over time because marginal
damages increase with the stock of GHGs in the atmosphere, and that stock rises
over time. Policy should therefore ensure that abatement efforts at the margin also
intensify over time. But it should also foster the development of technology that can
drive down the average costs of abatement; aithough pricing carbon, by itself, will not
be sufficient to bring forth all the necaessary innovation, particutarly in the early years..

The first half of the Review therefore demonstrates that strong action on climate
change, including both mitigation and adaptation, is worthwhile, and suggests
appropriate goals for climate-change policy.

The second half of the Review examines the appropriate form of such policy, and
how it can be placed within a framework of international collective action.
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Policy to reduce emissions should be based on three essential elements:
carbon pricing, technology policy, and removal of barriers to behavioural
change.

There are compiex challénges in reducing greenhouse-gas emissions. Policy
frameworks must deal with iong time horizons and with interactions with a range of
other market imperfections and dynamics.

A shared understanding of the long-term goals for stabilisation is a crucial guide to
policy-making on climate change: it narrows down strongly the range of acceptable
- emissions paths. But from year to year, flexibility in what, where and when reductions
are made will reduce the costs of meeting these stabilisation goals.

Palicies should adapt to changing circumstances as the costs and benefits of
responding to climate change become clearer over time. They should also build on
diverse national conditions and approaches to policy-making. But the strong links
between current actions and the long-term goal should be at the forefront of policy.

Three elements of pollcy for mitigation are essential: a carbon price, technology
policy, and the removal of barriers to behavioural change. Leaving out any ong of
these elements will significantly increase the costs of action.

Establishing a carbon price, through tax, trading or regulation, Is an essential
foundation for climate-change policy.

The first element of policy is carbon priting. Greenhouse gases are, in economic
terms, an externality: those who produce greenhouse-gas emissions are bringing
about climate change, thereby imposing costs on the world and on future
generations, but they do not face the full consequences of their actions themselves.

Putting an apprapriate price on carbon — explicitly through tax or trading, or implicitly
through reguistion — means that people are faced with the full social cost of their
actions. This will lead individuals and businesses to switch away from high-carbon -
goods and services, and to invest in low.carbon alternatives. Economic efficiency
points to the advantages of a common global carbon price: emissions reductions will
then take place wherever they are cheapest. .

The choice of policy tool will depend on countries’ national circumstances, on the
characteristics of particular sectors, and on the interaction between climate-change
poficy and other policies. Policies also have important differences in their
conseqguences for the distribution of costs across individuals, and their impact on the
public finances. Taxation has the advantage of delivering a steady flow of revenue,
while, in the case of trading, increasing the use of auctioning is likely to have strong-
benefits for efficiency, for distribution and for the public finances. Soms
administrations may choose to focus on trading initiatives, others on taxation or
reguiation, and others on a mix of policies. And their choices may vary across
sectors.

Trading schemes can be an effective way to equalise carbon prices across countries
and sectors, and the EU Emissions Trading Scheme is now the centrepiece of
European efforts to cut emissions. To reap the benefits of emissions trading,
schemes must provide incentives for a flexible and efficient response. Broadening
the scope of trading schemes will tend to fower costs and reduce volatility. Clarity
and predictability about the future rules and. shape of schemes will help to build
confidence in a future carbon price.
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in order o influence behaviour and invesiment decisions, investors and consumers
must believe that the carbon price will be maintained into the future. This is
particularty important for investments in long-lived capital stock. Investments such as
power stations, buildings, industrial plants and aircraft last for many decades. if there
is a lack of confidence that climate change policies will persist, then businesses may
not factor a carbon price into their decision-making. The result may be
overinvestment in long-lived, high-carbon infrastructure — which will make emissions
cuts later on much more expensive and difficutt.

But establishing credibility takes time. The next 10 to 20 years will be a period of

. transition, from a world where carbon-pricing schemes are In their-infancy, to one

where carbon pricing is universal and is automatically factored into decision making.
In this transitional period, while the credibility of policy is still being established and
the intemational framework is taking shape, it is critical that govermmments consider
how to avaid the risks of locking into a high-carbon infrastructure, including
considering whether any additional measures may be justified to reduce the risks.

Policles are required to support the development of a range of low-carbon and
high-efficiency technologles on an urgont timescale.

The second element of climate-change policy is technology policy, covering the full
spectrum from research and development, to demonstration and early stage
deployment. The devekopment and deployment of a wide range of low-carbon
technologies is essential in achieving the deep cuts in emissions that are needed.
The private sector plays the major role in R&D and technology diffusion, but closer
collaboration. between .govemment and indusiry will further stimulate the
development of a broad portfolio of low carbon techneologies and reduce costs.

Many low-carbon technologies are cumrently more expensive than the fossil-fusl
alternatives. But experience shows that the costs of technologies fall with scale and
experience, as shown in Figure 5 below. -

Carbon pricing gives an incentive to invest In new technologies to reduce carbon;
indeed, without it, there is little reason to make such investments. But investing in
new lower-carbon technologies camies risks. Companies may wony that they will not
have a market for their new product if carbon-pricing policy is not maintained into the
future. And the knowledge gained from ressarch and development is a public good,
companies may under-invest in projects with a big social payoff if they fear they will
be unable to capture the full banefits. Thus there are good economic reasons to
promote new technology directly.

Public spending on research, development and demonstration has fallen significantly
in the last two decades and is now low relative io other industries. There are likely
to be high returns to a doubling of investments in this area to around $20 blllion per
annum giobally, to support the development of a diverse portfolio of technologies.
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Flgure 5: The cusis of technologles am Ilkel'y to fall over ﬁme
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In some sectors - particularly electricity generation, where new technologies can
struggle to gain a foothold - policies to support the market for early-stage
technologies will be critical. The Review argues that the scale of existing deployment
incentives worldwide should increase by two to five times, from the current level of
around $34 billion per annum. Such measures will be a powerful motivation for
innovation across the private sector to bring forward the range of technologies
needed.

The removal of barriers to behavioural change is a third essential element, one

that Is particularly Important in encouraging the take-up of opportunities for
energy efficiency.

The third element is the removal of bamiers to behavioural change. Even where
measures to reduce emissions are cost-effective, there may be barriers preventing
action. These include a lack of reliable information, fransaction costs, and
behavioural and organisational inertia. The impact of these barriers can be most
clearly seen in the frequent fallure to realise the potential for cost-effective energy
efficlency measures.

Regulatory measures can play a powerful role in cutting through these complexities,
and providing clarity and certainty. Minimum standards for buildings and appliances
have proved a cost-effective way to improve performance, where price signals alone
may be too muted to have a significant impact.

Information policies, including labelling and the sharing of best practice, can help
consumers and businesses make sound decisions, and stimulate compefitive
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markets for low-carbon and high-efficiency goods and services. Financing measures
can also help, through overcoming possible constraints io paying the upfront cost of
efficiency improvements,

Fostering a shared understanding of the nature of climate change, and its
consequances, is critical in shaping behaviour, as well as in underpinning national
and international action. Governments can be a catalyst for dialogue through
evidence, education, persuasion and discussion. Educating those cumrantly at school
about climate change will help to shape and sustain future pohcy-makmg and a
broad public and international debate will support todays policy-makers in taking
strong action now.

Adaptation policy is crucial for dealing with the unavoidable impacts of climate
change, but it has been under-emphasised in many countries.

Adaptation is the only response available for the impacts that will occur over the next
several decades before mitigation measures can have an effect.

Unlike mitigation, adaptation will in most cases provide local benefits, realised
without long lead times. Therefore some adaptation wili occur autonomously, as
individuals respond to market or environmental -changes. Some aspects of
adaptation, such as major infrastructure decisions, will require greater foresight and
planning. There are also some aspects of adaptation that require public goods
defivering global benefits, including improved information about the climate system
and more climate-resilient crops and techl’lOlOngS

Quantitative information on the costs and benefits of economy-wide adaptation is
currently limited. Studies in climate-sensitive sectors point to many adaptation
options that will provide benefits in exceas of cost. But at higher temperatures, the
costs of adaptation will rise sharply and the residual damages remain large. The
additional costs of making new infrastructure and buildings resilient to climate change
in OECD countries could be $15 — 150 billion each year (0.05 — 0.5% of GDP).

The challenge of adaptation will be particularly acute in developing countriee, where
greater vulnerabifity and poverfy will limit the capacity to act. As in developed
countries, the costs are hard to estimate, but are ikely to run into fens of billions of
doillars.

Markets that respond to climate information wilt stimulate adaptation among
individuals and firms. Risk-based insuranca schemes, for example, provide strong
signals about the size of climate risks and therefore encourage good risk
management. ¢

Governments have a role in providing a policy framework to guide effective
adaptation by individuais and firms In the medium and longer term. There are four
key areas:

+ High-quality climate information and toots for risk management will help to
drive efficient markets. improved regional climate predictions wnll be critical,
particuiarly for rainfall and storm pattems.

s Land-use planning and performance standards should encourage both
private and public investment in buiidings and other long-lived infrastructure
to take account of climate change. )
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+ Governments can contribute through long-term polices for climate-sensitive
public goods, including natural resources protection, coastal protection, and
emergency preparedness.

+ A financial safety net may be required for the poorest in society, who are
likely to be the most vulnerable to the impacts and least able fo afford
protection (including insurance}.

Sustainable development itself brings the diversification, flexibiiity and human capital
which are ¢rucial companents of adaptation. Indeed, much adaptation will simply be
an extension of good development practice — for example, promoting overall
development, better disaster management and emergency response. Adaptation
action should be integrated Into davelopment palicy and planning at every level,

An effective response 1o climate change will depend on creating the conditions
for international collective action,

This Review has identified many actions that communities and countries can take on
their own to tackle climate change. .

Indeed, many countries, states and companies are already beginning to act
However, the emissions of most individual countries are small relative to the global
total, and very large reductions are required to stabllise greenhouse gas
concentrations in the atmosphere. Climate change mitigation raises the classic
problem of the provision of a global public good. It shares key characteristics with
other environmental challenges that require the international management of
comman resources to avoid free riding.

The UN Framework Convention on Climate Change (UNFCCC), Kyoio Protocol and
a range of other informal partnerships and dialogues provide a framework that
supports co-operation, and a foundation from which to build further collective action.

A shared global perspective on the urgency of the problem and on the long-term
goals for climate change policy, and an international approach based on multilateral
frameworks and co-ordinated action, are essential to respond to the scale of the
challenge. Intemational frameworks for action on climate change should encourage
and respond to the leadership shown by different countries in different ways, and
shouid facilitate and motivate the involvement of all states. They should build on the
principles of effectiveness, efficiency and equity that have already pmwded the
foundations of the existing multilateral framework.

The need for action is urgent: demand for energy and transportation is growing
rapidly in many developing countries, and many devaloped countries are also due to
renew a significant proportion of capital stock. The investments made in the next
10-20 years could lock in very high emissions for the next half-century, or present an
opporfunity to move the worid onto a more sustainable path.

International co-operation must cover zll aspects of policy to reduce emissions —
pricing, technology and the removal of behavioural barriers, as well as action on
emissions from land use. And it must promote and support adaptation. There are
significant opportunities for action now, including in areas with immediate economic

- benefits {(such as energy efficlency and reduced gas flaring) and in areas where

large-scale pilot programmes would generate imporiant experience io guide future
negotiations.
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Agreement on a broad set of mutual responsibilities across each of the relevant
dimensions of action wauld contribute to the overall goal of reducing the risks of
ciimate change. These responsibilities should take account of costs and the ability to
bear them, as well as starting points, prospects for growth and past histories.

Securing broad-based and sustained ca-operation requires an equitable distribution
of effort across both developed and developing countries. There is no single formula
that captures all dimensions of equity, but calculations based on income, historic
responsibility and per capita emissions all point to rich countries taking responsibility
for emissions reductions of 60-80% fram 1290 levels by 2050.

Co-operation can be encouraged and sustained by greater transparenéy and
comparability of national action.

Creating a broadly similar cerbon price signal around the world, and using
carbon finance to accelerate action in developing countries, are urgent
priorities for intarnational co-oparation.

A broadly similar price of carbon is necessary to keep down the averall costs of
making these reductions, and can be created through tax, trading or regulation. The
transfer of technoiogies o developing countries by the private sector can be
accelerated through national action and international co-operation.

The Kyato Protocol has established valuable instiiutions to underpin international
emissions trading. There are strong reasons to build on and leam from this
approach. There. are opportunities to use the UNFCCC dialogue and the review of
the effectiveness of the Kyoto Protocol, as well as a wide range of informal
dialogues, to explore ways to move forward.

Private sector trading schemes are now at the heart of international flows of carbon
finance. Linking and expanding regional and sectoral emissions trading schemes,
including sub-national and voluntary schemes, requires greater intemational co-
operation and the development of appropriate new institutional arangements.

Decisions made now on the third phase of the EU ETS provide an opportunity

for the scheme to influence, and become the nucleus of, future globai carbon
markets.

The EU ETS is the world’s largest carbon market. The structure of the third phase of
the scheme, beyond 2012, is currently under debate. This is an opportunity to set out
= clﬁar, long-term vision to place the scheme at the heart of future glabal carbon
markets,

There are a number of slements which will contribute to a credible vision for the EU
ETS. The overall EU limit on emissions should be set at a level that ensures
scarcity in the market for emissions allowances, with stringent criteria for allocation
volumes across all relevant sectors. Clear and frequent information on emissions
during the trading period would improve fransparency in the market, reducing the
risks of unnecessary price spikes or of unexpected collapses.

Clear revision rules coverting the basis for allocations in future frading periods would
create greater predictability for investors. The possibility of banking (and perhaps

bomowing) emissions allowances between periods could help smocth prices over .
time.
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Broadening participation to other major industrial sectors, and to sectors such as
aviation, wouid help deepen the market, and increased use of auctioning would
promote efficiency.

Enabling the EU ETS to link with other emerging trading schemes (including in the
USA and Japan), and maintaining and developing mechanisms 1o allow the use of
carbon reductions made in developing countries, could improve liquidity while also
establishing the nucleus of a global carbon market,

Scaling up flows of carbon finance o devslaping couniries to support effactive
poficies and programmes for reducing emissions would accelerate the
transition tc a fow-carbon economy.

Developing countries are already taking significant action to decouple their economic
growth from the growth in greenhouse gas emissions. For example, China has
adopted very ambitious domestic goals to reduce energy used for each unit of GDP
by 20% from 2006-2010 and to promote the use of renewable energy. India has
created an integrated Energy Policy for the same period that includes measures to
expand access to deaner energy for poor people and to increase energy efficiency.

The Clean Development Mechanism, created by the Kyolo Protocol, is currently the
main formal channel for supporting low-carbon investment in developing countries. it
allows both governments and the privale sactor to invest in projects that reduce
emissions in fast-growing emerging economies, and provides one way to support
links between different regional emissions trading schemes.

In future, a transfomation in the scale of and institutions for, international carbon
finance fiows will be required to support cost-effective emissions raductions. The
incremental costs of low-carbon investments in developing countries are likely to be
at least $20-30 billlon per year. Providing assistance with these costs will require a
major increase in the level of ambition of trading schemes such as the EU ETS. This
will also require mechanisms that link private-sector carhon finance to policies and
pragrammes rather than to individuat projects. And it should work within a context of
national, regianal or sectoral objectives far emissions reductions. These flows will ba
crucial in accelerating private investment and national government action in
developing countries. ‘

There are opportunities now to build trust and to pilot new approaches to creating
iarge-scale flows for investment in low-carbon development paths. Early signals from
existing emissions trading schemes, including the EU ETS, about the extent to which
they will accept carbon credits from developing countriss, would help to maintain
continuity during this important stage of building markets and demonstrating what Is
possible.

The International Financial Institutions have an important role o play in accelerating
this process: the establishment of a Clean Energy Investment Framework by the
World Bank and other multilateral development banks offers significant potential for .
catalysing and scaling up invesiment flows.
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Greater international co-operation to accelerate technological innovation and
diffusion will reduce the costs of mitigation.

The private sector is the major driver of innovation and the diffusion of technologiss
around the world. But governments can help to promote international collaboration to
overcome barriers in this area, including through formal arrangements and through
arrangements that promote public-private co-operation such as the Asia Pacific
Partnership. Technology co-operation enables the sharing of risks, rewards and
progress of technology development and enables co-ordination of priorities. -

A global porifolio that emerges from individual national R&D pricrities and
deployment support may not be sufficiently diverse, and Is iikely to place too litle
weight on some technologies that are particularly important for developing countries,
such as biomass. ‘

International R&D co-operation can take many forms. Coherent, urgent and broadly
based action requires intemational understanding and co-operation. These may be
embodied in formal multilateral agreements that allow countries to pool the risks and
rewards for major investments in R&D, including demonstration projects and
dedicated international programmes to accelerate key technologias. But formal
agreements are only one part of the story - informal arrangements for greater co-
ordination and enhanced linkages between national programmies can siso play a
very prominent role.

Both informal and formal co-ordination of national policies for deployment support
can accelerate cost reductions by increasing the scale of new markets across
borders. Many countries and US states now have specific national objectives and
policy frameworks to support the deployment of renewable energy technologies.
Transparency and information-gharing have already helped to boost interest in these
markets. Exploring the scope for making deployment instruments tradable across
borders could increase the effectiveness of support, including mobilising the
resources that will be required to accelerate the widespread deployment of carbon
capture and storage and the use of technologies that are particularly appropriate for
developing countries.

International co-ordination of regulatians and product standards can be a powerful
way 10 encourage greater energy efficiency. it can raise their cost effectiveness,
strengthen the incentives to innovate, improve transparency, and promote
international trade. '

The reduction of tariff and non-tariff barriers for low-carbon goods and services,
including within the Doha Development Round of international trade negotiations,
could provide further opportunities to accelerate the diffusion of key technologles.

Curbing deforestation is a highly cost-effective way of reducing greenhouse
gas emissions.

Emissions from deforestation are very significant — they are estimated to repreeent
more than 18% of global emissions, a share greater than is produced by the global
transport sector. . '

Action to preserve the remaining areas of natural forest is needed urgently. Large-
scale pilot schemes are required to expiore effective approaches W combining
national action and intemational support.
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Policles on deforestation should be shaped and led by the nation where the particular
forest stands. But those countries should receive strong help from the international
community, which benefits from their actions to reduce deforestation. At a national
level, defining property rights to forestland, and determining the rights and
responsibilities of landowners, communities and loggers, is key to effective forest
_ management. This should involve local communities, respect informal rights and
social structures, work with development goals and reinforce the process of
protecting the forests.

Research carried out for this report indicates that the opportunity cost of forest
protection in 8 countries responsible for 70 per cent of emissions from land use could
be around $5 billion per annum initiaily, although over time marginal costs would rige.

Compensation from the intemational community should take account of the
opportunity costs of alternative uses of the land, the cosits of administering and
enforcing protection, and the chailenges of managing the political transition as
established interests are displacad.

Carbon markets could play an important role in providing such incentives in the
longer term. But there are short-term risks of destabilising the crucial process of
strengthening exisling strong carbon markets if deforestation is integrated without
agreements that strongly increase demand for emissions reductions. These
agreements must be based on an understanding of the scale of transfers likely to be
involved.

Adaptation efforts in devoloping countries must be accelerated and supportad,
Inciuding through Intornational development assistance.

The poorest developing countries will be hit earliest and hardest by climate change,
even though they have contributed little to causing the problem. Their low incomes
make it difficult to finance adaptation. The international community has an obligation
to support them in adapting to climate change. Without such support there is a
serious risk that development progress will be undermined.

it is for the developing countries themselves to determine their approach’ to
adaptation in the context of their own circumstances and aspirations. Rapid growth
and development will enhance countries’ abifity to adapt. The additional costs to
developing countries of adapting to climate change could run into tens of billions of
dollars.

The scale of the challenge makes it more urgent than ever for developed countries to
honour their existing commitments - made in Monterrey in 2002, and strengthened at
EU Gouncils in June 2005 and at the July 2005 G8 Gleneaglas Summit — to double
aid flows by 2010, '

Donors and multilateral development institutions should mainstream and support
adaptation across their assistance tc developing countries. The international
community should also support adaptation through investment in global public goods,
including improved monitoring and prediction of cimate change, better modelling of
regional impacts, and the development and deployment of drought- and flood-
resistant crops.
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In addition, efforts should be increased to build public-private partnerships for
climate-related insurance; and to strengthen mechanisms for improving risk
management and preparedness, disaster respense and refugee resettiement.

Strong and early mitigation has a key role to play in limiting the long- run costs of
adaptation. Without this, the costs of adaptation will rise dramatically.

Building and sustalning collective action Is now an urgent cﬁallenge.

The key building blocks for any collective action include developing a shared
understanding of the long-term goals for climate policy, building effective institutions
for co-operation, and demonstrating leadership and working to bulld trust with others.

Without a clear perspective on the long-term goals for stabilisation of greenhouse
gas concentrations in the atmosphere, it is unlikely that action will be sufficient to

meet the objective.

Action must include mitigation, innovation and adaptation. There are many
opportunities to start now, inciuding where there are immediete benefits and where
large-scale pllot programmes will generate valuable experience. And wa have
already begun to create the institutions to underpin co-operation.

The challenge is to broaden and deepen parlicipation across aill the relevant
dimensions of action ~ including co-operation to create carbon prices and markets, to
accelerate innovation and deployment of low-carbon technologies, to reverse
emissions from land-use change and to help poor countries adapt to the worst
impacts of climate change., .

There Is still ime to avokd the worst Impacts of climate change if strong
collective action starts now.

This Review has focused on the economics of risk and uncertainty, using a wide
range of economic tools fo tackle the challenges of a global problem which has
profound long-term implications.  Much more work is required, by scientists and
economists, to tackle the analytical challenges and resolve some of the uncertainties
across a broad front.  But it is already very clear that the economic risks of inaction
in the face of climate change ara very severe. )

There are ways to reduce the risks of climate change. ‘With the right incentivess, the -
private sector will respond and can deliver soiutions. The stabilisation of graenhouse
gas concentrations in the atmosphere is feasible, at significant but manageable
costs,

The policy tools exist to create the Incentives required to change invesiment patterns
and move the global economy onto a low-carbon path. This must go hand-in-hand
with increased action to adapt to the impacts of the climate change that can no
longer be avoided.

Above all, reducing the risks of climate change requires callective acticn. it requires
co-operation betwean countries, through international frameworks that support the
achievement of shared goals. It requires a parinership between the public and
private sector, working with civil soclety and with individuals. It is still possible to
avoid the worst impacts of climate change; but it requires strong and urgent collective
action. Delay would be costly and dangerous.
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KDHE Denies Sunflower Electric Air Quality Permit

Roderick L. Bremby, Sedretary of the Kansas Department of Health and Environment
-(KDHE}, announced today that he has denied the air quality permit for the two proposed
700-megawatt generators at the Sunflower Electric Power Corporation plant near Holcomb.

“After careful consideration of my responsibility to protect the public health and environment
from actual, threatened or potential harm from air poliution, | have decided to deny the
Sunflower Electric Power Corporation application for an air quality permit,” said Bremby.

In making his decision, Bremby cited the authority provided to the Secretary of KDHE in
K.S.A. 65-3008 and K.S.A. 65-3008a, which grant him the authority to affirm, modify or
reverse a decision on an air quality permit after the public comment period or hearing, and
K.S.A. 65-3012, which authorizes him to deny or modify an air quality permit to protect the
health of persons or the environment.

‘I believe it would be iresponsible to ignore emerging information about the contribution of
carbon dioxide and other greenhouse gases to climate change and the potential harm to our
environment and heatfth if we do nothing,” said Bremby.

The U.S. Supreme Court found in Massachusetts v. EPA that carbon dioxide meets the
broad definition of an air pollutant under the Clean Air Act. The Kansas Air Quality Act
similarly has a broad definition of what constitutes air pollution.

The Centers for Disease Control and Prevention has recognized the need for public health
agencies fo take the lead on educating the public about the health impacts of climate change
and has adopted priority heaith actions to prepare for, respond to and manage the
associated heakh risks of climate change.,

http://www kdheks.gov/news/web_archives/2007/10182007a htm . 1012372007
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The decision constitutes a first step in emerging policy to address existing and future carbon
dioxide emissions in Kansas. * KDHE will work to engage various industries and
stakeholders to establish goals for reducing carbon dioxide emissions and strategies to
achieve them. This is consistent with initiatives underway in states leading the effort to
address climate change,” said Bremby.

One such initiative currently being undertaken by eight northeastern states is the Regional
Greenhouse Gas |nitiative (RGGI), a mandatory regional cap-and-irade program aimed at
reducing carbon dioxide emissions from power plants by 10 percent, or approximately 12
million tons annually, by 2020. The expanded Sunflower plant was projected to release-an
estimated 11 million tons of carbon dioxide annually.

“Denying the Sunflower air quality permit, combined with creating sound policy to reduce
carbon dioxide emissions can facilitate the development of clean and renewable energy to
pratect the health and environment of Kansans,” said Bremby.

HH#
Editor's note: More information about the Sunflower Electric Cooperative air quality permit
decision, including a timeline, the summary response to comments and multimedia clips of
the announcement can be found at htip://iwww.kdheks. gov/press _room.htm.

As the state’s environmental protection and public heaith agency, KDHE promoles
responsible choices lo protect the health and environment for all Kansans.

Through education, direct services and the assessment of data and trends, coupled with
policy development and enforcement, KDHE will improve health and quality of life. We’

prevent iliness, injuries and foster a safe and sustainable environment for the people of
Kansas. -

Back to KDHE News Release Index

http:/fwww kdheks.gov/inews/web_archives/2007/10182007a.htm : 10/23/2007
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Introduction

. The Working Group I contribution to the IPCC Fourth
Assessment Report deseribes progress in understanding of
the human and natural drivers of climate change, ! observed
climaie change, climate processes and attribution, and
estimates of projected future climate change. It builds
uponpast [PCC assessments and incorporates new findings
from the past six years of research. Scientific progress
since the Third Assessment Report (TAR) is based upon
large amounts of new and more comprehensive data,
more sophisticated analyses of data, improvements In
understanding of processes and their simulation in models
and more extensive exploration of uncertainty ranges.

The basis for substantive paragraphs in this Summary
for Policymakers can be found in the chapter sections

" specified in curly brackets.

Human and Natural Drivers

of Climate Change

Changes in the atmospheric abundance of greenhouse
gases and aevosols, in solar radiation and in land surface
properties after the energy balance of the climaie system.
These changes are expressod in lerms of radiative
Forcing, 2 which is used to compare how a rangé of human
and ratural factors drive warming or cooling influences
on globel climate. Since the TAR, new observations and
refated modelling of greenhouse gases, sofar activity, land
surface properlies and some aspects of agrosals have lfed
to improvements in the quanlitative estimates of radiative
forcing.

Global atmospheric concentrations of carbon
dioxide, methana and nitrous oxide have Increased
markedly as a result of human activities since 1750
and nowfar excesd pre~indusirial values determined
from ice cores spanning many thousands of years
{see Figure SPM.1). The global increases in carbon
lioxlde concentration are dua primarily to tossil tuel
use and land use change, whilg those of methane
and nitrous oxide are primarlly due to agriculture.
{23,64,7.3}

Carbon diaxide is the most important anthropogenic
greenhouse gas {see Figure SPM.2). The global
atmospheric concentration of carbon dioxide has
increased from a pre-industrial value of about 280 ppm
to 379 ppm3 in 2005. The atmospheric concentration
of carbon dioxide in 2005 exceeds by far the natura
range over the last 650,000 years (180 to 300 ppm) as
determined from ice cores. The annual carbon dioxide
concentration growth rate was larger during the last
10 years { 1995-2005 average: 1.9 ppm per year), than
it has been since the beginning of continuous direct
atmospheric measurements (1960-2005 average: 1.4
ppm per year) although there is year-to-year variebility
in growth rates. {2.3,7.3}

The primary source of the increassd atmospheric
concentration of carbon dioxide since the pre-industrial
period results from fossil fuel use, with land-use change
providing another significant but smaller contribution.
Annual fossii ecarbon dioxide emissions* incressed
from an average of 6.4 [6.0 to 6.8]% GIC (23.5 [22.010
25.0] GtCOy) per year in the 1990s 10 7.2 [6.9 to 7.5]
GtC (26.4[25.3 to 27.5] GtCQ,) per year in 20002005 -
(2004 and 2005 data are interim estimates). Carbon
dioxide emissions associated with land-use change

1 Climate change in IPCC wmwwmmwmowummmmnmmmwu.mmamnmmmamm
that in the United MNati nton on Climate Changw, where ciimate change refers 10 a change of climate hat s attributed dnectly or ndirectly to
human activily that ihsﬂnum\poﬂﬂunuﬂlulhbaimmph-umdﬁmhm addition to nalral dimate vartability observed cver comparable time periods.

2 Radiative forcing 15 2 maasura of tha influence that a fastar has In altering the balance of Inoaming and owutgaing energy In the

& System and i an

Index of the Importance of the factor as a potential olimate change mechanizn. Positive foroing tera to wanm tha surface whike negative forcing lands to cool It. In
this report. radiative forcing values are for 2005 relative to pra-industrial conditions defined st 1750 and sre sxpressed in watts par squars metre (W mre2Z). Eaa Gloa-

sary and Section 2.2 for further datails.

3 ppm. [parts per milkon) or ppb (parts per biliion, 1 bilfon = 1,000 milkon) is the ralic of the manber of greenhouse gas molecaudes 10 the tolal mmberdtmhmiesof
dry air. For axampls, 300 ppm means 300 molecules of a gresnhousa gas per mikon molecules of dry air.

*4 Fossl carbon dioxide emissions include those from the production, distribotion and congsumplion of ksl fuels and as @ by-product fronm cerment production. An

amission of 1 GIG corresponds o 3.67 GICQy,

§ |n general, uncertainty ranges for results given in this Summary for Pollcymakers are 5095 uncentainty intervals uniess stated otherwiss, that is, there Is an sstimatad
5% lilslihood thal the value coulkd be above the range given In square brackets and A% (Kelihood that the vaiues could be below that range. Best estimates are

ghven where svailable, Assessed uncertainty intervals ant nol always

about the cormesponding basat eatimate. hhuﬂmtamnhemtumorﬂmyrangesin

the Working Group ) TAR cormesponded to 2 standard devations (93%). often using sxpent judgemsnt.
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CHANGES IN GRreenHousE (Gases From Ice Core
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Figure SPM.1. Atmospheric cancentraiions of carbon dioxic,
methane and nitrous oxide over the lasl 10,000 years farge
panels) and since 1750 (inset paneis). Measurements are shown
from ice cores (symbols with differernt colours for ditferent studies)
anid aimospharic sampies (red fines). The corresponding radiative
forcings are shown on the right hand axes of the large panels.
{Flgure 6.4}

are estimated to be 1.6 [0.5 &0 2.7] GIC (5.9 [L8 to
9.9] GiCO,) per year over the 1990s, although these
estimates have a large uncertainty. (7.3}

* The global atmospheric concentration of methanc has

increased from a pre-industrial value of about 715 ppb
10 1732 ppb in the early 1990s, and was 1774 ppb in
2005, The satmospheric concentration of methane
in 20035 excesds by far the natural range of the last
650,000 years (320 to 790 pph) as determined from ice
cores. Growth rates have declined since the early 1990s,
consistent with total emissions (sum of anthropogenic
and natural sources) being nearly constant during this
period, It is very [ikely® that the observed increase
in methane concentration is due to anthropogenic
activities, predominantly agriculture and fossil fue!
use, bui relative contributions from different source
types are not well determined. {2.3, 7.4}

* The global amospheric nitrous oxide concentration

increased from a pre-industrial value of abowt 270
ppb to 319 ppb in 2005. The growth mate has been
approximately constant since 1980. More than a third
of all nitrous oxide emissions are anthropogenic and
are primarily due to agriculture, {2.3,7.4}

The understanding of anthropagenic warming and
cogling influencas on climate has improved since
the TAR, leading to very high confidence” that the
global average net effect of human activities since
1750 has been one of warming, with a radiative
forcing of +1.6 [+0.6 t0 +24] W m? (see Figure
5FM.2). {2.3.,6.5, 2.9}

e The combined radiative forcing due to increases in

carbon dioxide, methane, and nitrous oxide is +2.30
[+2.07 to +2.53] W m~2, and its rate of increase
during the industrial era is very Nkely to have been
unprecedented in more than 10,000 years (see Figures

# In this Susenary for Palieymakers, the following terms have been used 1o
indicats the assaxead elihone, using expeart judgament, af an oulenmes or
& reault: Virksally cenait » B5% probablity of occumence, Extramaly Slcly -
5%, Very Bhely » 309, Liktly > B6%, Mare Fhely then ot » 50%, Unfilely
< 33%, Yary uniikely < 10%, Extremely unifhely = 5% {soe Box TS.1 for more
datzlis),

¥ In this Summary for Poficymakers the foowing levels of confidence have
besn used 1o express expart judgements on the camectness of the underiy-
Ing cclance: vary high cordidance mpresenis at least 8 9 out of 10 chance
of bainyg correct: high confidence represents about en 8 out of 10 chance of
baing comect fsee Box TS.1) -
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SPM.1 and SPM.2). The carbon dioxide radiative
forcing increased by 20% from 1995 to 2005, the

largest change for any decade in at least the last 200

years. {2.3,6.4}

Anthropogenic contributions to aerosols (primarily
sulphate, organic carbon, black carbon, nitrate and
dust} together produce a cooling effect, with a total
direct radiative forcing of 0.5 [-0.9 to -0.1] W m-2
and an indirect cloud albedo forcing of 0.7 [-1.8 to
—0.3] W m, These forcings are now better understood
than at the time of the TAR due to improved i sit,
satellite and ground-based measurements and more

comprehensive modelling, but remain the dominant
uncertainty in radiative forcing. Aerosols also influence
cioud lifetime and precipitation. {2.4, 2.9,7.5}

Significant anthropogenic contributions to radiative
forcing come from several other sources. Tropospheric
ozone changes due to emissions of ozone-forming
chemicals (nitrogen oxides, carbon monoxids, and
hydrocarbons) contribute +0.35 [+0.25 to +0.65]
W m2, The direct radiative forcing due to changes
in halocarbons® is +0.34 [+0.31 to +0.37] W mr2.

" Changes in surface albedo, due to land cover changes

and deposition of black carbon aerosols on snow, exert

Rapiative Forcing COMPORENTS
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Figure SPM.2. Glabal average radiative forcing (RF) estimates and ranges in 2005 for anthropogenic carbon digxide (CO,), methane
{CH,), nitrous axide (N O} and other important agents and mechanisms, together with the typical geographical extent (spatia) scale) of
the forcing and the assessed fevel of scientific understanding (LOSU). The net anthropogenic radialive farcing end its range are akkn
shown. These requira SUMmMing asymmetric unceriainty estimates from the component terms, and cannot be obtainad by simple addition.
Additional forcing factors not included here are cansidared to have a very iow LOSU, Volcanic sarosols contribute an additional naiura)
forcing but are not included in this figure due to thelr episodic nature. The range for linear contreils does not include other possible effects
of aviation on cloudiness. (2.9, Figure 2.20}

¢ Halocarhon radistive forcing has been recently assessad [n detall in IPCC's Spetlal Report on Safaguarding tha Ozona Layer and the Globat Cimate System (2006).




Summary for Policymakers

respective forcings of —0.2 [-0.4 to 0.0) and +0.1 [0.0
to +0.2] W m=2, Additional terms smaller than £0.1 W
m-Z are shown in Figure SPM2. {2.3, 2.5, 7.2}

* Changes in solar irradiance since 1750 are estimated
to cause a radiative forcing of +0.12 [+0.06 to +0.30]
W m~2, which is less than half the estimate given in the
TAR. {2.7}

Direct Observations of Recent

Climate Change

Since the TAR, progress In understanding how climate Is
changing In space and in time thas been gained through
improvemenis and extensions of numerous datasats and
data anafyses, broader geographical coverage, beter
undersianding of unceriginties, and a wider variely of
measurements. Increasingly comprehensive chservations
dare available for glaciers and snow caver since the 1960s,
and for sea level and ice sheets since abowt the past
decade. However, data coverage remains limited In some
regions. '

Warming of the climate system is uneguivocal, as is
now evidentfrom ohservations of Increasas in global
average air and ocean temporatures, widespread
melting of snow and ice, and rising global average
sea level {see Figure 5PM.3). {3.2, 4.2,5.5)

* Eleven ofthe last twelve years (1995-2006) rank among
the 12 warmest years in the instrumental record of
global surface temperature? {since 1350). The updated
100-year linear trend (1906 to 2005) of 0.74°C {0.56°C
to 0.52°C) is therefore larger than the corresponding
trend for 1901 to 2000 given in the TAR of 0.6°C
[0.4°C to 0.8°C). The linear warming trend over the
last 50 years (0.13°C [0.10°C to 0.16°C] per decade)
is nearly twice that for the last 100 years. The total
temperature increase from 18501899 to 20012005 is
0.76°C [0.57°C to 0.95°C]. Urban heat island effects
are real but local, and have a negligible influence (less
than 0.006°C per decade over land and zero over the
oceans) on these values. {3.2}

New analyses of ballcon-borne and satellite
measurements of lower- and mid-tropospheric
temperature show warming rates that are similar
to those of the surface temperature record and are
consistent within their respective uncertainties, largely
reconciling a discrepancy noted in the TAR. {3.2, 3.4}

The averape atmospheric water vapour content has
increased since at least the 1980s over land and ocean
as well as in the upper troposphere. The increase is
broadly consistent with the exira water vapowr that
warmer air can hold. {3.4}

Observations since 1961 show that the average
temperature of the global ocean has increased o depths
of at least 3000 m and that the ocean has been absorbing
more than 80% of the heat added to the climate system.
Such warming causes seawater to expand, contributing
to sea level rise (see Table SPML1). {5.2, 5.5}

Mountain glacters and snow cover have declined on
avgrage in both hemispheres. Widespread decreases
in glaciers and ice caps have contributed to sea level
rise (ice caps do not include contributions from the
Greenland and Antarctic Ice Sheets). {See Table
SPM.1.) {4.6,4.7,4.8, 5.5}

New daia since the TAR now show that losses from
the ice sheets of Greenland and Antarctica have very
likely contributed to sea level rise over 1993 to 2003
(see Table SPM.1). Flow speed has increased for some
Greenland and Antarctic outlet glaciers, which drain ice
from the interior of the ice sheets. The corresponding
increased ice sheet mass loss has often followed
thinning, reduction or loss of ice shelves or Joss of
floating glacier tongues. Sucli dynamical ice loss is
sufficient to explain most of the Antarctic net mass
loss and approximately half of the Greenland net mass
loss. The remainder of the ice loss from Greenland has
occurred because losses due to melting have exceeded
accumulation due to snowfall. {4.6,4.8, 5.5}

Global average sea level rose at an average rate of 1.8
[1.3 to 2.3) mm per year over 1961 to 2003. The rate
was faster over 1993 to 2003: about 3.1 [2.4 to 3.8]
mm per year. Whether the faster rate for 1993 to 2003
reflects decadal variability or an increase in the longer-
term trend is unclear. There is high confidence that

9 The avorage of near-surface alr bemparatae over land and &sa mertace tempstatre.



Summary for Policymakers

CHANGES IN TEMPERATURE, Sea Lever ano NortHeRn HEMISPHERE Snow CoveR
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Figure SPM.3. Observed changes in (a) giobal average surface temperature, ) global average sca level from tide gauge (bive} and
sateliite (red) data and (c) Northem Hemisphere snow cover for March-April. All changes are relative fo comesponding averages for
the period 1961-1990. Smcothed curves represent decads! average values whita circles show yearly valuss. The shaded areas are the
uncertainfy intervals estimated from & comprehensive analysis of known uncertaintfes (& and b) and from the time sevies ¢} {FAQ 3.1,
Figure 1, Figure 4.2, Figure 5.13} ’
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the rate of observed sea level rise increased from the
15th to the 20th century. The total 20th-century rise is
estimated to be 0.17 [0.12 10 022] m. {5.5}

For 1993 to 2003, the sum of the climate contributions
is consistent within uncertaintics with the total sea lavel
rise that is directly observed (see Table SPM.1). These
estimates are based on improved aatellite and in siru
data now available. For the period 1961 to 2003, the
sum of climate contributions is estimated to be smaller
than the ohserved sea level rise. The TAR reported a
similar discrepancy for 1910 to 1990. {5.5}

» Satellite data since 1978 show that annual average

arctic sea ice extent has shrunk by 2.7 [2.1 to 3.3]%
per decade, with larger decreases in summerof 7.4 [5.0
to 9.8]% per decade. These values are consistent with
those reported in the TAR. {4.4}

Temperatures at the top of the permafrost layer have
generally increased since the 1980s in the Arctic (by
up t0 3°C). The maximum area coversd by seasonally
frozen ground has decreased by about 7% in the
Northern Hemisphere since 1900, with a decrease in
spring of up to 15%. {4.7}

* Long-term trends from 1900 to 2005 have beenobserved
in precipitation amount over many large regioms.!!
Significantly increased precipitation has been observed
in eastern parts of North and South America, northern
Europé and northern and central Asia. Drying bas been
observed in the Sahel, the Meditérranesn, southetn
Africa and parts of southern Asia. Precipitation is
highly varisble spatiaily and temporally, and data are
limited in some regions, Long-term trends have not
been observed for the other large regions assessed.!l
{33,3.9} '

At continental, regional and ocean basin scales,
numerous long-term changes in climate have
been observed. These include changes in arctic
temperatures and ice, widespread changes in -
precipitation amounts, ocean salinity, wind paitems
and aspects of extreme weather including droughts,
heavy precipitation, heat waves and the intensity of
tropical cyclones.? {3.2, 33,3.4, 3.5, 3.6,5.2)

= Awverage arctic temperatures increased at almost twice .
the global average rate in the past 100 years. Arctic
temperatures have high decadal variability, and 5 warm
period was also observed from 1925 to 1945, (3.2}

Changes in precipitation and evaporation over the
oceans are suggested by freshening of mid- and high-
latitude waters together with increased salinity in low-
latitude waters. {5.2)

Table SPM.1. Observed rate of sea jeve! rise and estimated contributions from different sources. {5.5, Tabke 5.3}

Rate of sea level rise (mm per yaar}

Source of sea level rise 1961-2003 1993-2003
Thermal expansion 04210.12 16z 05
Glaciers and ice caps 0502018 0.77 £ 0.22
Greenland [ce Sheet 0.05+0.12 021 =007
Antarctic lce Shest 0.14 2 0.4 0.21 + 0.35
Sum of Individual climate 11£05 2807
contributions to sea level rise

Observed total sea level rse 181050 3.1+£07=

ke

Table nota:
2 Data prior to. 1383 are kom tide gauges and afrer 1982 are from satelfte alimetry.

10 Trapical cyclones include huricanes and typhoons.
11 The gssessed raglons ane those considered in the regional projections chamer af the TAR and in Chapter 11 of this report.
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* Mid-latitude westerly winds have strengthened in both

hemispheres since the 1960s. {3.5}

More intense and longer droughts have been observad
over wider areas since the 1970s, particularly in the
tropics and subtropics. Increased drying linked with
higher temperatures and decreazed precipitation has
contributed to changes in drought. Changes in sca
surface temperaiures, wind patterns and decreased
snowpack and snow cover have also been linked to

* The frequency of heavy precipitation evenis has

increased over most land areas, consistent with warming
and observed increases of atmospheric water vapour.
{338,3.9)

‘Widespread changes in cxtreme temperatures have been
observed over the last 50 years. Cold days, cold nights
and frost have become less frequent, while hot days,
hot nights and heat waves have become more frequent
{see Table SPM.2). {3.8}

droughts. {3.3)

Table SPM.2. Recent trends, assessment of human influence on the trend and profsctions for exireme weather events for which there
s an observed (ate-20th century trend. (Tables 3.7, 3.8, B.4; Secilons 3.8, 5.5, 8.7, 11.2-11.9)

Likelihcod of future rends
based on projectiens for
21st century using

Likelihood that trend Likelihnod of 2
accurred in late 20th human contributinon
century (typically to ob=erved trend®

Phenomencn® and

direction af trend

post 1960} SRES scenarios
Liketyd Virtualfy cerlalnd:
Very Hkelye Likely {nights}® Virtually ceriaird
Likely More likefy thar nott Very ifioly
Likely More fikely than not! Vary likely
Likely in many
regians since 19705 Mors likely than not Likoly
Likely in some .
regions since 1370 More Hikely than nat! Likely
Likely More likely than noth Likely!

Table notas;

& Ses Table 3.7 for further details reganding definitions.

b See Table TS.A, Bax TS.S and Table 9.4.

© Deoreased frequenoy of cold days and nights (coldest 10%),

¢ Warming of the most extrama days and nights each yeor,

* Increased frequency of hat days and nights (hotlest 10%).

! Magnitude of anthropogenic conributions not assessed. Athribaution for these phenomena based on expert judgement rather than formal attribubion
studies.

¥ Extreme high sea leval dapands on average sea leval and on regional weather systams, It Is dafined hare 85 the highest 1% of hourly values of ob-
served sea leve! at a station for a given reference period.

h Changas in observed extreme high sea level closely follow the changes in average sea level. {5.5} It is very kaly that anthrapogenic activity contributed
to a rise In averege sea levet. {3.5)

i {n all scanarios, the projected global average sea lavel at 2100 ia higher than in the reference pariod, {1u.ﬁlﬂneﬂeclofchangesinregbnalwm
syatamns on 2aa leval extrames has not haan pasessed.




Summary for Policymakers

* There is obscrvational evidence for an increase in
intense tropical cyclene activity in the North Atlantic
since about 1970, correlated with increases of tropical
sea surface temperatures. There are also suggestions
of increased intense tropical cyclone activity in some
other regions where concerns over data quality are
greater. Multi-decadal variability and the quality of
the tropical cyclone records prior to routine satellite
observations in about 1970 complicate the detection
of long-term trends in tropical cyclone activity, There
is no clear trend in the annual numbers of tropical
cyclones. {3.8}

- Some aspects of climate have not been observed fo
changs. {3.2,3.8,4.4,5.3}

* A deerease in diurnal temperature range (DTR) was
reported inthe TAR, bui the data available then extended
only from 1950 to 1993, Updated observations reveal
that DTR has not changed from 1979 to 2004 as both
day- and night-time temperature have risen at about
the same rate. The trends are highly variable from one
region to another. {3.2}

* Antarctic sea ice extent continues to show imterannual
variability and localised changes but no statistically
significant average trends, consistent with the lack
of warming reflected in atmospheric temperatures
averaged across the region. {3.2, 4.4}

* There is insufficient evidence to determine whether
trends exist in the meridional overturning circulation
{MOC) ofthe global ocean or in small-scale phenomena
such as tornadoes, hail, lightning and dust-storms.
{3.3,5.3}

A Palacoclimatic Perspective

Palascciimatic studies use changes in cimatically sensitive
indicators to Infer past changes in global climate on time
scales ranging from decades to millions of years. Such proxy
data (e.g., tree ring widi) may be influenced by both focal
temperature and other faclors such as precipitation, and
arg offen represeniative of parlicular sgasans rather than
full years. Studias since the TAR draw increased confidence
from addifional data showing coherent behaviour across
muitiple indicators in differant parts of the world, However,
urcertainties generafly increase with time into the past due
io increasingly imited spatiaf coverage.

Palacoclimatic information supports the infer-
pretation that the warmth of the last half century
is unusual in at least the previous 1,300 years.
The last time the polar regions were significantly
warmer than present for an extended period (about
125,000 years ago), redoctions in polar ice volume
led to 4 to G m of sea level rise. {6.4,6.6)

* Average Northem Hemisphere temperatures during the
second half of the 20th century were very fikely higher
than during any ather 50-year period in the last 500
years and likely the highest in at least the past 1,300
years. Some recent studies indicate greater variability
in Northem Hemisphere temperatures than suggssted
in the TAR, particulatly finding that cooler periods
existed in the 12th to 14th, 17th and 19th centuries.
Warmer periods prior 1o the 20th century are within the
uncertainty range given in the TAR. {6.6}

* (Global average sea level in the iast intesglacial period
{about 125,000 years ago) was llkely 4 to 6 m higher
than during the 20th century, mainly due to the retreat
of polar ice. Ice core data indicate that average polar
temperaturcs at that time were 3°C to 3°C higher than
present, because of differences in the Earth’s orbit. The
Greenland Ice Sheet and other arclic ice fields likely
contributed no more than 4 m of the observed sea level
rise. There may also have been a contribution from
Antarctica, {6.4}
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Understanding and Attributing

Climate Change

This assessment considers longer and improved records,
an axpanded range of observations and improvemenis in
the simulation of many aspects of climate and iis variability
based on studies since the TAR. It also considers the resulis
of new aitribution studies that have evsiuated whether
observed changes are guaniilalively consistent with the
expacied response to external forcings and inconsistent
with aiternaiive physically plausible expiznations.

Most of the observed mcrease in glebal average
temperatures since the mid-20th century is very
fikefy dus to the obzerved increase in anthropogenic
greenhouse gas concentralions.’? This is an
advance since the TAR's conclusion that “most of
the observed warming over the last 50 years is iikely
to have been due to the increase in greenhwuse gas
concenirations™. Discernible human influences
now extend to other aspects of climate, including
ocean warming, continental-average temperatures,
temperature extremes and wind patterns (see
Figure SPM.4 and Table SPM.2). {0.4,9.5}

» It {s Fkely that increases in greenhouse gas
concentrations alone would have camsed more
warmming than observed because volcanic and
anthropogenic acrosols have offset some warming that
would otherwise have taken place. §2.9, 7.5, 9.4}

* The observed widespread warming of the atmosphere
and ocean, together with ice mass loss, support the
conclusion that it i8 exiremely unlikely that plobal
climate change of the past 50 vears can be explained
without external forcing, and very fikely that it is not
due to known natural causes alone, {4.8, 5.2,9.4, 9.5,
9.7}

» Warming of the climate systemn has been detected in

changes of surface and atmospheric temperatures in
the upper several hundred metres of the ocean, and
in contributions to sea level rise. Attribution studies
have established anthropogenic contributions to all of
these changes. The observed pattern of tropospheric
warming and stratospheric cooling is very likely due to
the combined influences of greenhouse gas increases
and stratospheric ozone depletion. {3.2, 3.4, 9.4, 9.5}

1t is Iikely that there has been significant anthropogenic
warming over the past 50 years averaged over each
continent except Antarctica (see Figure SPM.4).
The observed pattems of warming, including greater
warming over land than over the ocean, and their
changes over time, are only simulated by models that
include anthropogenic forcing, The ability of coupled
climate models to simulate the observed temperature
evolution on each of six continents provides stronger
evidence of human influgnce on climate than was
available in the TAR. {3.2, 9.4}

Difficulties remain in refiably simulating and attributing
observed temperature changes at smaller scales. On
these scales, natural climate variability is relatively
larger, making it harder to distinguish changes expected
due to external forcings. Uncertainties in local forcings
and feedbacks also make it difficult to estimate the
contribution of greenhouse gas increases to observed
small.scale temperature changes, {8.3, 9.4}

Anthropogenic forcing is likely to have contributed
to changes in wind paiterns,!? affecting extra.
tropical storm tracks and temperature patterns in
both hemispheres. However, the observed changes in
the Northen Hemisphere circulation are larger than

simulated in response to 20th-century forcing change.
§3.5,3.6,95,10.3} :

Terperatures of the most extreme hot nights, cold
nights and cold days are Jikely to have increased due
to anthropogenic forcing. It is more likely than not that
anthropogenic forcing has incressed the risk of heat
waves {see Table SPM.2). {9.4}

2 Consicaration of remaining uncertainty is based on curent methodologies.

2 |n pariicular, the Southern and Northem Annutar Mades and related changes in fhe North Atlantic Qscillation, 13,6, 9.5, Box T78.2)
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GrosaL AND ConTinenTaL TEMPERATURE CHANGE

R modeis using onty natura forcings
muodals using both natural and anthropogenio forcings

BIPCC 2D07: WGI-ARY

Figure SPM.4. Comparison of obsarved continentsl- and global-scale changas in surface tamperature with rsults simulated by climate
modets using natural and anthropogenic forcings. Decadal averages of observations are shown for the period 1906 to 2005 (black ling)
ploited against the centre of the dacade and relative to the cormesponding average for 1801-1960. Lines are dached where spatial
coverage is loss than 50%. Blue shaded bands show the 5~85% range for 19 simuiations from five climate models using only the nalural
farcings due to solar activity and volcanoes. Red shadad bands show the 5-95% range for 58 simulations from 14 climate modsfs using
both natural and anthropogenic forcings. {FAQ 9.2, Figure 1}
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Anmalysis of climate models together with
constiraints from ohservations enables an assessed
Hitely range 1o be glven for climate sensitivity for
the first ime and provides increased confidence in
the understanding of the climaie system response
1o radiative forcing. {6.6, 8.6, 9.6, Box 10.2}

* The equilibrium climate sensitivity is a measure of the
climate system response to sustained radiative forcing.
[tis not a projection but is defined as the global average
surface warming following a doubling of carbon
dioxide concentrations. Tt is likely to be in the range
2°C to 4.5°C with a best estimate of about 3°C, and is
very unlikely to b less than 1.5°C. Values substantially
higher than 4.5°C cannot be excluded, but agreement
of models with cbservations is not as good for those
values. Water vapour changes represent the largest
feedback affecting climate sensitivity and are mow
better understood than in the TAR., Cloud feedbacks
remain the largest source of uncertainty. {8.6, 9.5, Box
10.2}

o [t is very unlikely that climate changes of at least the
seven centuries prior to 1950 were due to variability
generated within the climate system alone. A significant
fraction of the reconstructed Northern Hemisphere
inter-decadal temperature variability over those
centuries is very likely attributable to volcanic eruptions
and changes in solar irradiance, and it is fikely that
anthropogenic forcing contributed to the early 20th-
century warming evident in these records. {2.7, 2.8,
6.6, 9.3}

Projections of Future

Changes in Climate

A mafor advance of this assessment of climate change
projections compared with the TAR Is the large number of
simulations available from a broader range of models. Taken
together with asdditional information from observations,
these provida a quantitalive basis for estimating fkelihoods
for many aspucts of future climare changs. Model
simutations cover a range of possible futures Including
idealised emission or conceniration assumptions. These
inciude SRESY Hustrative marker scenarics for the 2000
to 2100 pericd and model experiments with greenhouse
gases and aerosol concentrations held consiant after year
2000.0r 2100.

-For the next two decades, a warming of ahout
0.2°C per decade is projected for a range of SRES
emission scenarios. Even if the concentrations of
all greenhouse gases and aerosols had been kept
constam at year 2000 levels, a further warming of
about 0.1°C per decade wowld be expected. {10.3,
10.7

* Since [PCC’s first report in 1990, assessed projections
have suggested global average temperature increases
between about 0,15°C and 0.3°C per decade far 1990 to
2005, This can now he compared with observed values
of about 0.2°C per decade, strengthening confidence in
near-term projections. {1.2,3.2}

¢ Model experiments show that even if all radiafive
forcing agents were heid constant at year 2000 levels,
a further warming trend would occur in the next two
decades af a rate of about 0.1°C per decade, due mainly
to the siow response of the oceans. About twice as
much warming (0.2°C per decade) would be expected
if emissions are within the range of the SRES scenerios.
Best-estimate projections from models indicate
thar decadal average warming over each inhabited
continent by 2030 is insensitive to the choice among
SRES scenarios and is very likely to be at least twice
as large as the corresponding model-estimated natural
variability during the 20th century. {94, 10.3, 10.5,
-11.2-11.7, Pigure TS-29}

14 SHES refery W0 the 1°CC Special Aeport on Emizsion Scenarios (2000). The SRES scenario famillies and Musirative cages, which did nol inchede additional climate
infthetives, ans summerited in a box a1 1he end of this Sunmery for Palicymakers. Appraximate carban cioxide equivalert concentrations corresponding to the
computed radiative kvcing due io anthropogenic greanhouse gases and aerogals in 2100 (see p. 823 of the TAR) for the SRES BN1, A1T, B2, A18, A2 and A1FT Hus-
trative marker scenarioa are about 0D, 700, 800, 850, 1250 and 1,550 ppm respectively. Scenarios B, A8 and A2 have bean the fotus of mods! intercomparison

studi&s and many of those results are asaeszed in this report.
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Continued greenhouse gas emissions at or above
current rates would cause further warming and
induce many changes in the giobal climate system
during the 2151 century that would very likely be
larger than those ohserved during the 20th century.
{10.3}

Advances in climate change modelling now enable
best estimates and /ikely assessed uncertainty ranges to
be given for projected warming for different emission
scenarios. Results for different emission scenarios are
provided explicitly in this repori to avoid loss of this
policy-relevant information. Projected global average
surface warmings for the end of the 21st century
(2090-2099) relative to 1980-1999 are shown in Table
SPM.3. These illustrate the differences between lower
and higher SRES emission scenarios, and the projected
warming uncertainty assaciated with these scenarios.
{10.5}

Best estimates and fikely ranges for global average
surface air warming for six SRES emissions marker
scenarios are given in this assessment and are shown
in Table SPM.3. For example, the best estimate for
the low scenario (B1) is 1.8°C (likely range is 1.1°C
to 2.9°C), and the best estimate for the high scenario

(ATFD) is 4.0°C (likely range is 2.4°C to 6.4°C).
Although these projections are broadly consistent with
the span quoted in the TAR (1.4°C to 5.8°C), they are
not directly comparable {see Figure SPM.5). The Fourth
Assessment Report is more advanced as it provides best
estimates and an assessed likelihood range for each of
the marker scenarios. The new assessment of the Jikefy
ranges now relies on a larger number of climate models
of increasing complexity and realism, as well as new
information regarding the nature of feedbacks from the
carbon cycle and constraints on climate response from
observations. {10.5}

Warming tends to reduce land and ocean uptake of
atmospheric carbon dioxide, increasing the fraction of
anthropogenicemissionsthatremains inthe atmosphere,
For the A2 scenario, for example, the ¢limate-carbon
cycle feedback incremses the comesponding global
average warming at 2100 by more than 1°C. Assessed
upper ranges for temperature projections mre larger
than in the TAR (see Table SPM.3) mainly because
the broader range of models now available suggests
stronger climate-carbon cycle feedbacks. {7.3, 10.5}

Model-based projections of global average sea level
rise at the end of the 21st century {2090-2099) are
showm in Table SPM.3. For each scenario, the midpoint
of the range in Table SPM.3 is within 10% of the

Table SPM.3. Projecled giobal average surface warming and sea fevel rise at the end of the 21st century. {10.5, 10.6, Table 10.7}

Bea Level Rise
{m at 20002049 relative 1o 1980-1599)

Termpeorature Change
{*C at 2090-2099 relative to 1280-1959)-

Best Likely Modei-based raroe excluding future
estimate ranye rapid dynamical changes in ice flaw
Biscenaio ry 11-29 0.18-038
AT scenario 24 14-38 0.20-0.45
82 scenario 2.4 14-38 0.20-0.43
A1B scenario 2.8 1.7-44 021-0.48
A2 scenario 3.4 20- §.4 0.23 - 0.51
AlFt scenario 4.0 24~64 0.26 ~ 0.59
Table notes: ’

8 These estimates ara assessad from a hierarchy of models that encompass & simple dimate model, several Earth Systern Models of Intermediata
Complexity and a large number of Atmasphare-Ocean General Circulation Models {(AOGCMs).
b Year 2000 constant compaosition s derived from AOGCMs only.

13
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Muoni-Moper Averaaes anp Assessen Ranges For Surrace WarmMming
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Figure SPM.B. Solid lines are multi-modef global everages of surface warming (relative to 1980-~1399) for the scenanios A2, A1B and B1,
shown as continuations of the 20th century simuiations. Shading dengtes the +1 standard deviation range of individual modal annual
averagss. The orange fine is for the experiment whera concantralions were held constant at ysar 2000 valves. The gray bars at right
indicate tha best estimate {solid fine within each bar) and the fimly range assessed for the six BRES markar scenarios. The assessment of
the best estimate and likely ranges in the gray bars includes the AOGCMs in the left part of the figure, as wall as results from a hierarchy
of indepandent madels and observational consiraints, {Flgures 10.4 and 10,29}

TAR model average for 2090-2099. The ranges are
narrower than in the TAR mainly becanse of improved
information about some uncertainties in the projected
contributions.!s {10.6}

e Models used to date do not include uncertainties in

climate-carhon cycle feedback nor do they include
the full effects of changes in ice sheet flow, because a
basis in published literature is lacking. The projections
include a contribution due to increased ice flow from
Greenland and Antarctica st the rates observed for 1993
to 2003, but these flow rates could increase or decrease
in the future. For example, if this conribution were to
grow linearly with global average temperaiyre change,

the upper ranges of sea level rise for SRES scenarios

shown in Tahle SPM_3 would increase by 0.1 t0 0.2 m.
Larger values cannet be excluded, but understanding of
these effects is too limited to assess their likelihood or
provide a best estimate or an upper bound for sea level
rise. {10.6}

Increasing atrnospheric carbon dioxide concentrations
lead to increasing acidification of the ocean. Projections
based on SRES scenarios give reductions in average
global surfacé ocean pH!® of between 0.14 ang 0.33
units over the 21st century, adding to the present
decrease of 0.1 units since pre-industrial times. {54,
Box 7.3, 10.4} -

reated the uncertainties in the same way,

S TAR projeclidnts ware made for 2100, whareas projeciions in this report are lor 2090-2089. The TAR would have had sirriler ranges to Thows in Tabke SPRL3if it had

1€ Decrase oz in pit comespond to incresses in acidity of a solution. Sea Gioscary for hurther detalls,
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+ Sea ice i3 projected to shrink in both the Arctic and

There is now higher confidence in projected patterns Antarctic under all SRES scenarios. Insome projections,

of warming and other regional-scale featwres, arctic late-gsommer sea ice disappears almost entirely

including changes in wind patierns, precipitation by the latter part of the 21st century. {10.3}

and some aspects of extremes and of ice. {8.2

&4,:)&;’:'9‘5’10.3,11_1;“0‘ rd of 62,83 * Ttis very likely that hot extremes, heat waves and heavy
precipitation events will continue to become more
frequert, {103} ’

* Projceted warming in the 21st century shows scenario-
independent geographical pattems similar to those
observed over the past several decades. Warming is
expected to be greatest over land and at most high

* Based on a range of models, it i3 likely that future
tropical cyclones (typhoons and hurricanes) will
become more intense, with larger peak wind speeds

. and more heavy precipitation associated with ongoing
e o o
SPM.S). (103} & less confidence in projections of a global decrease in

numbers of tropical cyclones, The apparent increase
in the proportion of very intense storms since 1970 in
some regions is much larger than simulated by current
models for that period. {9.5, 10.3, 3.8}

* Snow cover is projected to contract. Widespread
increases in thaw depth are projected over most
permafrost regions. {10.3, 10.6}

PROJECTIONS OF SURFACE TEMPERATURES
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Figure SPM.6. Profected surface temperaturs changes for the early and fate 27st cantry relative to the pariod 1980-1899, The centra!
and right panels show the- AOGCM multi-model avarage projections for the B1 (top), A1B (middis) and A2 (bottom) SRES scemarios
averaged over the decades 2020-2029 (cenire) and 2080-2099 (righl). The left pansls show corresponding uncertainties as the relative
prebabilities of estimated global avarage warming from several different AOGCM and Earth Systemn Mode! of intermediate Compléxity
studies for the same periods. Some studies present resuits onfy for a subset of the SRES scemarias. o for various modef versions.
Therefore the difference in the number of curves shown in the fef-hand panels is dus only to differences in the avallahility of results.
{Figures 10.8 and 10.28}
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ProJected PATTERNS OF PRECIPITATION CHANGES

multi-modsl N — multi-modl

" BIPGC 2007: WGTARS

2 10 -5 5§ 10 20

Figure SPM.7. Relative changes /n precipitation (in percent) for the period 20902088, relative to 1980-1899. Vaiues are mulfi-modsi
averages based on the SAES A1B scenario for Decamber to February {eft) and June to August (nightl. White areas are where fss than
66% of the models agree in the sign of the change and stippled areas are where mong than 90% of the modals agree in the sign of the
change. {Figure 10.5)
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Extratropical storm tracks are projected to move
poleward, with consequent changes in wind,
precipitation and femperature pattems, continuing the
broad pattern of observed trends over the last half-
century. {3.6,10.3}

Since the TAR, there is an improving understanding
of projected paiterns of precipitation. Increases in the
amount of precipitation are very likely in high latitudes,
while decreases are likely in most subtropical land
regions (by as much as about 20% in the AIB scenario
in 2100, see Pigure SPM.7), continuing observed
patterns in recent trends, {3.3, 8.3, 9.5,103, 11.2 w0
11.9}

Based on current model simulations, it is very likely that
the meridional overturning clrculation (MOC) of the
Atlantic Ocean will slow down during the 21st century.
The muilti-model average reduction by 2100 is 25%
(range from zero to about 50%) for SRES emission
scenario A1B. Temperatures in the Atlantic region
are projected to increase despite such changes due to
the much larger warming associated with projected
increases in greenhouse gases. It is very unitkely that
the MOC will undergo a large abrupt transition during
the 21st century, Longer-term changes in the MOC
cannot be assessed with confidence. {10.3, 10.7}

Anthropogenic warming and sea level rise would
confinue for centuries due to the time scales
associated with climate processes and feedbacks,
even if greenhouse gas concentrations were 1o be
stabllised. {10.4, 10.5, 10,7}

* Climate-carbon cvcle coupling is expected to add
carbon dioxide to the atmogphere as the climate system
warms, but the magnitude of this feedback is uncertain,
This increases the uncerfainty in the twajectory of
carbon dioxide emissions required to achieve a
particutar stabilisation level of atmospheric carbon
dioxide concentration. Based on current understanding
of climate~carbon c¢ycle feedback, model smdies
suggest that to stabilise at 450 ppm carbon dioxide
could require that cumulative emissions over the 21st
century be reduced from an average of approximately
670 [630 10 710] GtC (2460 [2310 to 2600] GtCO,) to
.approximately 490 [375 to 600] GiC (1800 [1370 to
2200} GtCQy). Similarly, to stabilise at 1000 ppm, this
feedback could require that cumulative emissions be -
reduced from a model average of approximately 1415
[1340 to 1490] GtC (5190 [4910 to 5460] GtCO;) to
approximately 1100 [980 to 1250] GtC (4030 [3590 to
4580] GtCO,). {7.3, 10.4}




Summary for Policymakers

= M radiative forcing were to be stabilised in 2100 at B1

or AlB levelsd a firther increase in global average
temperature of about 0.5°C would still be expected,
mostly by 2200. {10.7}

If radiative forcing were to be stabilised in 2100 at A1B
fevels!4, thermal expansion alone would lead to 0.3.t0
0.2 m of sea level rise by 2300 (relative to 1980-1599).
Therma! expansion would continue for many centuries,
due to the time required to transport heat into the decp
ocean, {10.7}

Contraction of the Greenland Ice Sheet is projected
to confinue to contribute to sea level rise after 2100.
Current models suggest that ice mass losses increase
with temperature more rapidly than gains due to
precipitation and that the surface mass balance
becomes negative at a global average warming
(relative to pre-industrial values) in excess of 1.9°C
to 4.6°C. If a negative surface mass balance were
sustained for millennia, that would lead to virtually
complete elimination of the Greenland Ice Sheet and
a resulting contribution to sea level rise of sbout 7 m.
The corresponding future temperatures in Greenland

are comparable to those inferred for the last interglacial
period 125000 years ago, when palaeoclimatic
information suggests reductions of polar land ice extent
and 4 10 6 m of sea level rise. {6.4, 10.7}

Dynamical processes related to ice flow not included
iy current models but suggested by recent observations
could increase the vulnerability of the ice shests 1o
warming, increasing future sea levelrise. Understanding
of these processes is limited and there is no consensus
on their magnitude. {4.6, [0.7) '

Current global mode! studies project that the Antarctic
Tce Sheet will remain too cold for widespread surface
melting and is expected to gain in mass due to increased
snowfall. However, net loss of ice mass could oceur if
dynamical ice discharge dominates the ice sheet mass
balance. {10.7}

Both past and future anthropogenic carbon dioxide
emisgions will continue to contribute to warming and
sea level sise for more than a millennium, due to the
time scales required for removal of this gas from the

atmosphere. {7.3, 10.3}
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17 Envission scenanias an: not assessed i this Working Geoup | Report of the IPCC. This b summanising the SRES scenariog Is taken fom the TAR and has besn
subject to prior ine-by-ine approvat by the Penel. .
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Findings irom

Confronting Climate Change

- in the Great Lakes Region

Tmpacts on Ohio
Communities and Ecosystems

Climate Change
in the Buckeye State

hios norchern border is defined
O by Take Erie, a strategic location
that sets Ohio ar the center of
North Americas industrial heardand. Barther
south, however, farming predominates, and
more than half the state’s land is still in agri-
cultural production. This summary high-
lights the potential impact of climate change
on Ohic's economy, its people, and the
places they love.
 Sdentists are now convinced thar human
activity, primarily burning fossil Ruels to
produce electricity and drive our cars, is
changing our climate, These activities emit

gases, prindipally carbon
Lower Iake dioxide (CO;), chat
levels h blanket the planet and
_eve 5 . ave. trap hear. Alteady, we
costly impli-  are seeing signs of cli-
Cations for mate chaﬂge thml.lgh-
L. out the Great Lakes
Shlppm_g on region: average annual
Lake Erie. (emperatures are in-

creasing; severe rain-
storms have become more frequent; win-
ters are getting shorter; and the duration
of lake ice cover is decreasing,

Climate Projections

he lacest, most reliable projections

of future climate change combine

100 years of historical dara for Ohio
with the most up-to-date general circulation
models of the Earth's climate system. In
general, Ohio’s climare will grow consider-
ably warmer and probably drier during
this century, especially in summer.

» Temperature: By the end of
the 21st century, terhperatures are
projected to rise 7-12°F in winter .
and 6-14°F in summer. This dra-
matic warming is roughly the same
as the warming since the last ice
age. Overall, exireme hear will be
mete common. '

* Precipitatior; While annual
averge precipitation may not change
much, the state may grow drier

overall because rainfall cannot compensate
for the drying effects of a warmer climate,
especially in the summer. Seasonal precip-
itation in the state is likely to change, increas-
ing in winter and decreasing in summer.
Ohio, then, may well see drier soils and
perhaps more droughts.

¢ Extreme evenrs: The frequency
of heavy rainstorms, both 24-hour and
multiday, will continue to increase.

Potential Impacts
from Climate Change

Water Supply and Pollution

hio depends heavily on groundwarer,

on fresh wacer from Lake Eric, and
on rainfall for agriculture, drinking, and
industrial uses. As the state’s populacion
of 11,3 million (2000) continues to graw,
projected changes in rainfall, evaporation,
and groundwater recharge rates will affect
all freshwarer users in che state.

* Lake levels are expected 1o decline
in both inland lakes and Lake Erie (sze pheto
below), as more moisture evaporates due to
warmer temperatures and less ice cover.

* Reduced summer water levels are
likely to diminish the recharge of ground-
water, cause small streams o dry up, and.-
reduce the area of wetlands, resulting in

- poorer water quality and less habicat for

wildlife,
* Pressure 1o increase water extraction
from the Great Lakes will prow, exacerba-

ting an already contentious debare in the -

region. .

* Development and climate change
will degrade the Rood-absorbing capacities
of wetlands and floodplains, resulting in

increased erosion, floading, and runoff
polluted with nutrients, pesticides, and
other roxins.

Agriculture

hio ranks among the top states nation-

wide in winter whear, soybean, and
oats production. It is also a top producer
of eggs, chesse, and livestock. There are
likely to be some positive impacts for agri-
culture resulting from a warmer dimate,
although current evidence suggests thar
the negative consequences could outweigh
the positive. In general, however, regional
development, rechnological advances, and
market fuctuations have as much influence
on farmers as the climare.

* I[ncreased atmospheric CO, and
nitrogen as well 25 2 longer growing season
could boost yields of some crops, such as
soybeans, corn, and wheat.

¢ Severe rainstorms and floods during
planting and harvest seasons wil] likely
depress producrivity. Similarly, hotter and
drier conditions during the main growing
season alse disrupr preducrion and may
require irrigation of currently rain-fed crops.

» Higher ozone concentrarions can dam-
age soybeans and horticuloural crops, coun-
tering positive impacts of 2 warmer climare.

+ Several climate changes will likely
combine 1o creare more favorable condigens
for 2 number of pests and pathogens.

* Extreme hear and droughts can se-
verely affect livestock health and production.

Human Health
lirnare projections sugpest that extreme
heat periods are likely to become
more common, a5 will severe storm events.

. * Winter cold-related morbidity
or mortlicy will decrease, while
surmimer heat-related morbidity or
mortalicy is likely o increase. OF
particular concern is the large pro-
jecred increase in exxrerne hear days
| (exceeding 97°F) by 2080-2100,

3 which will require improved waming
¢ systems and preparation to avoid
2 severe health impacts.
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+ Higher temperatures and more
elecrricity generation for air conditioning
increase the formation of ground-level
ozone, likely exacerbating asthma and
other respiratory diseases,

* Some waterborne infectious dis-
eases such as cryprogporidiosis or giardiesis
may become more frequent or widespread
if extrenie rainstorms occur more often.

* The occutrence of many infecrious
diseases is strongly seasonal, suggesting
that climate plays a role in influencing
transmission. Some diseases carried by
insects such as Lyme discase (ricks) or,
more recently, West Nile encephalitis
(mosquitoes) have expanded across che
region. While this spread is attributed
largely to land-use changes, furure changes
in rainfall or emperatures could encourage
greater reproduction or survival of the
disease-carrying insects,

Property and Infrastructure
hios cities and other heavily developed
areas are particularly viltierable o
the risks of climate extremes, incurring
direct economic losses ot requiring costy
adaptations.

* More frequent extreme minstorms
and floods, exacerbared by stream chan-
neling and more paved surfaces, result
in greater property damage, place heavier
burdens on emergency management,
increase cleanup and rebuilding costs,
and exact a financial toll on businesses
and hameﬂwners.

= Municipalities in Ohio will have
to upgrade water-related infrastructuce
including levees, sewer pipes, and waste-
water treatment plants in anticipation
of more frequent exreme downpours.

* Lower lake levels have costly impli-
cations for shipping on Lake Erie, requising
more frequent dredping of channels and
harbors and adjusting docks, water intake
pipes, and other infrastructure. On the

other hand, a longer ice-free season will
extend the shipping scason.

Recreation and Tourism
Tourism is one of Chio's major eco-

nomiic sectors, with travelers spending
$23 billion in 2001, Ohio boasts an ex-
ceptional state park system, including
Clifton Gorge, above, but it is the beau-
tiful Lake Erie shoreline that draws
ingst visitors. ;

* Anglers on Lake Erie and inland
lakes will be affected by ranpe shifts, loss
of habitzt, and increases or declines of
their preferred catch. For example, the
range of warm-water fish such as small-
mouth bass or bluegill is likely to expand
northward, while cold-water species and
even some cool-water fish may disappear
from southern parts of the region.

* In all lakes, the duration of summer
stratification will increase, adding to the
risk of oxygen depletion and formation
of deep-warter “dead zones” for fish and
other organisins—a risk especially for
Lake Erie.

* The sursmer recreation season
will likely expand as temperatures warm
fucther, but extreme heat, heavy rains,
elevared ozone levels, and possible increases
in risk from insect- and waterborne
diseases may dampen ourdoor enthusiasm.

* Lower water levels coupled with
warmer water temperatures may accele-
rate the accumulation of mercury and
other contaminants in the aquaric

food chain.

The full report is available from UCS at 1
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* Earlier spring runoff, more
intense Hooding, and lower summer
warer levels generally mean growing
challenges for Ohio’s wetlands, such as
the Grear Black Swamp, already signifi-
cantly reduced by development and agri-
culrure. Loss of habitat or food resources
for migratory birds, shorebirds, and
waterfowl will affect Ohio’s birdwarch-
ing and honting industries.

Climate Change

Solutions

hio residents, business leaders,

and policymakers can help reduce

the porential impacts from cli-
mate change by pursuing three necessary
and complementary strategies:

* Reducing heat-trapping gas emis-
sions by increasing energy efficiency in
buildings, reducing dependency on coal-
fired utilities by switching instead o
renewable encrgy sources such as wind
and bioenergy, increasing vehicle fuel
economy, and investing in mass transic.

* Minimizing pressures on the envi-
rowmemi by improving air quality, pro-
tecting the quality and supply of water
resources, protecting habirat, and
limiting sprawl.

* Preparing for rhase impacts from
global warmring thar cannot be avoided
through better planning and emergency
preparedness, adaprations in agriculre,

~strengthening public heaith response, and

adjusting food control infrastructure.

By merging Ohid's history of tech-
nological innovation with a contemporary
commitment to responsible nianagement,
Ohio could lead the region in designing
effective solutions. It is only fitting chat,
in its biceatennial year, Chio should
become zn exemplary steward of its rich
cavironment and resources in the face
of climate change,
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The carth’s climate is predicted to change because human
activities are altering the chemical composition of the atmosphere
through the buildup of greenhouse gases — primarily carbon
dioxide, methane, nitrous oxide, and chlorofiuorecarbons. The
heat-trapping property of these greenhouse gases is undispuied.
Although there is uncertainty about exactly how and when the
earth's climate will respond to enhanced concentrations of
greenhouse gases, obscrvations indicate that detectable changes
are under way. There most likely will be increases in temperature
and changes in precipitation, soil moisture, and sea level, which
could have adverse effects on many ecological systems, as well
as on human health and the economy.

The Climate System

Energy from the sun drives the earth’s weather and climate.
Atmospheric greenhouse gases (water vapor, carbon dioxide,
and other gases) trap some of the energy from the sun, creating
a natural “greenhouse effect.” Without this effect, temperatures
would be much lower than they are now, and life as known today
would not be possible, Instead, thanks to greenhouse gases, the
earth’s average iemperalure is a more hospitable 60°F. However,
problems arise when the greenhouse ¢ffect is enhanced by
human-generated emissions of greenhouse gases.

Global warming would do more than add a few degrees to today’s
average temperatures. Cold spells still would occur in winter, but
heat waves would be more common. Some places woukd be drier,
others wetter, Perhaps more imaportant, morg precipitation may
come in short, intense bursts (¢.g., more than 2 inches of rain

in a day), which could lead to more flooding. Sex levels would

be higher than they would have been without global warming,
although the actual changes may vary from place to place
because coastal lands are themselves sinking or rising.

Some of the inkared radiation passes
through the aimosphere, #d soma is
absorbed and re-emittad in afl draciony
by greenhouse gas moleculas, The stfect
of this s 10 warm the sarth's suface and
he lower atmasphsme.

Source: U.8. Department of State (1992)

Emissions Of Greenhouse Gases

Since the beginning of the indusirial revolution, buman activities
have been adding measurably to natural backgronnd levels of
greenhouse gases. The buming of fossil fuels ~— coal, oil, and
natural gas — for energy is the primary source of emissions,

* Energy burned to run cars and trucks, heat homes and busi-

nesses, and power factories is responsible for about 80% of
global carbon dioxide emissions, about 25% of 11.5. methane
emissions, and about 20% of global nitrous oxide emissions.
Increased agriculture and deforestation, Iandfills, and industrial
production and mining also contribute 2 significant share of
emissions. In 1994, the United States emitted sbout one-fifth of
total global greenhouse gases.

Concentrations Of Greenhouse Gases

Since the pre-industrial era, atmospheric concentrations of carbon
dioxide have increased nearly 30%, methane concentrations have
more than doubled, and nitrous oxide concentrations have risen
by about 15%. These increages have enhanced the heat-trapping
capability of the earth's atmosphere. Sulfate acrosols, a common
air pollutant, cool the aimosphere by reflecting incoming solar
radiation. However, salfutes are short-lived and vary regionally,
s0 they do not offset greenhouse gas wanming.

Although many greenhouse gascs already are present in the
atmosphere, oceans, and vepetation, their concentrations in the
future will depend in part on present and fizture emissions.
Estimating future emissions is difficolt, because they will
depend on demographic, economic, technological, policy, and
institutional developments. SBeveral emissions scenarios have
been developed based on differing projections of these wnder-
lying factors, For example, by 2100, in the absence of emissions
control policies, carbon dioxide concenirations are projected

to be 30-150% higher than today's lavels.

Current Climatic Changes

Global mean surface temperatures have increased 0.6-1.2°F
between 1890 and 1996. The 9 warmest years in this century all
have occurred in the last 14 years, Of these, 1995 was the warmest
year on record, suggesting the atmosphere has rebounded from
the temporary cooling caused by the eruption of Mt. Pinatubo in
the Philippines.

Several picces of additional evidence consistent with warming,
such as a decrease in Northern Hemisphere snow cover, a
decrease in Arctic Sea ice, and continued mefting of alpine -
glaciers, have been corroborated, Globally, sea levels have risen
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4-10 inches over the past century, and precipitation over land has
increased slightly, The frequency of extreme rainfall events also
has increased throughout much of the United States.

A new international scientific assessment by the Intergovemn-
mental Panel on Climate Change recently concluded that “the
balance of evidence suggeses a discernible human influence
on global climate,”

Future Climatic Changes

For a piven concentration of preenhouse gases, the resulting
imcrease in the atmosphere’s heat-trapping ability can be pre-
dicted with precision, but the resulting impast on climate is more
uncertain. The climate system is complex and dynamic, with
constant interaction between the atmosphere, land, ice, and
oceans. Further, humans have never experienced such a rapid rise
in greenhouse gases, In effect, 8 large and uncontrolled planet-
wide experiment is being conducted.

General circulation models are complex computer simulations that

. describe the circulation of air and ocean currents and how energy

is transported within the climate system. While uncertainties
remgin, these models are a powerfid tool for studying climate. As
a result of continnous model improvements over the last few
decadcs, scientists are reasonably confident about the link
between global greenhouse gas concentrations and temperature
and about the ability of models to characterize future climate at
continental scales,

Recent model calculations suggest that the global surface temper-
ature could increase an average of 1.6-6.3°F by 2100, with signif-
icamt regional variation. These temperature changes would be far
greater than recent patural fluctuations, and they would occur
significantly faster than any known changes in the last 10,000
years. The United States is projected to warm more than the
global average, especially as fewer sulfate aerosols are produced.

The models suggest that the rate of evaporation will increase as
the climate warms, which will increase average global precipita-
tion. They also suggest increased frequency of intense rainfall as

well as a marked decrease in soil moisture over some mid-
continental regions during the summer. Sea level is projected to
increase by 6-38 inches by 2100.

Calculations of regional climate change are much less reliable
than global ones, and it is unclear whether regional climate will
become more variable. The frequency and intensity of some
extreme weather of critical importance to ecological systems
{droughis, floods, frosts, cloudiness, the frequency of hot or cold
spells, and the intensity of associated fire and pest outbreaks)
could increase,

Local Climate Changes

Over the last century, the average temperature near Columbus,
Ohio, has increased 0.3°F, and precipitation hes increased by up
to 10% in this and ather parts of the state, and declined by up to
10% in the southern part of the state. These past trends mmay or
may not continue into the futuce.

Over the next century, climate in Ohio may experience additional
changes. For example, based on projections made by the Inter-
governmental Panel an Climate Change and results from the
United Kingdom Hadley Centre’s climate model (HadCM2), 8
model that accounts for bath greenhouse gases and aerosols, by
2100 temperatures in Ohio could increase by 3°F in winter, spring,
and summer (with a range of 1-6°F) end 4°F in fall (with a range of
2-7°F). Precipitation is estimated W increase by 15% in winter and
spring (with a range of 5-25%), 20% in fall (with arange of 10-
35%), and 25% (with a range of 10-40%) in summer. Other climate
models may show different results, especially regarding estimated
changes in precipitation. The impacts described in the sections
that follow take inio eccount estimates from different models.

The frequency of extreme hot days in summer is expected to
increase along with the general warming trend. It is not clear how
the severity of storms might be affected, although an increase in
the frequency and intensity of summer thunderstorms is possible.

Human Health

Higher temperatures and increased frequency of heat waves

inay increase the number of heat-related deaths and the incidence
of heat-related illnesses. Ohio, with its irmegular, intense heat
waves, could be susceptible.

Pr;ecipitation Trends From 1900 To Present

Trends/100 years

Source: Karl et al. (1996)




One study projects that heat-related deaths could nearly double
in both Cleveland and Columbus given a 4°F warming, from about
30 to 60 (although increased air conditioning use may not have
been fully accounted for). In Cincinnati, sumimer deaths are
estimated to nearly triple with a warming of 3°F, from 14 10 42. The
elderly, especially those living alone, are at greatest risk. This
sludy also projects little change in winter-related deaths in
Cleveland, Columbus, and Cincinnati.

Climate change could increase concentrations of ground-level
ozane. For example, high temperatures, strong sunlight, and
stable air masses tend to increase urban ozone levels. A 2°F
warming i the Midwest, with no other change in weather or
emnissions, could increase concentrations of ozone, a major
component of smog, by as much as 8%, Perhaps more iniportant,
however, is that the area exceeding national health standards

for ozone could increase. Currently, Cincinnati isclassifiedasa
“moderate” nonattainment area for ozone, and increased tempera-
tures could increase ozone concentrations further. Grovmd-level
ozone is associated with respiratory illnesses such as asthma,
reduced lung funclion, and respiratory inflammaltion, Air pollution
also 1s made worse by increases in natural hydrocarhon emis-
sions such as emissions of terpenes by trees and shrubs

during hot weather. 1f a warmed climate causes increased use

of air conditioners, air pollutant emissions from power plants

also will increase. Upper and lower respiratory allergies also are
influenced by humidity. A 2°F warming and wetter conditions
could increase respiratory allergies,

Warming and other climate changes could expand the habitat

and infectivity of disease-carrying ingects, thus increasing the
polential for transmission of diseases such as malaria and dengue
{‘break bone™) fever. Infeeted individuals can bring malaria to
places where it does not occur naturally. Also, some mosquitoes
in Ohio can carry Califoria and St. Louis encephalitis, which

can be lethal or cause neurological damage. If conditions

become warmer and wetter, mosquite populations could increase,
thus increasing the risk of transmission if these diseases are
introduced into the area.

Warmer temperatures could increase the incidence of Lyme
disease and other tick-bome diseases in Ohio, because popula-
tions of ticks, and their rodent hosts, could inorease under
warmer temperatures and increased vegetation, Increased runoff
from heavy rainfall could increase water-borne diseases such as
giardia, cryptosporidia, and viral and bacterial gastroenteritides.

Developed countries such as the United States should be able to
minimize the impacts of these diseases through existing disease
preveniien and control methods.

Water Resources

The availability of water has helped Ghio develop 2 diverse
economy: agriculfure in the north and west, manufacturing in

the northeast, and timber and mining industries in the southeast.
Urban and induskrial centers also have developed along Lake
Erie, the Ohio River, and the navigational canals and rivers that
Jjoin them. Surface water is the primary source of water for these
activities. Runoff in the state is determined largety by rainfall and

to a lesser degree by spring snowmelt. Earlier snowmelt would
result in higher streamflows in winter and spring, Lower stream-
flows and lake levels in the surmer could reduce water availabil-
ity for municipalities and industries. The Ohio Riverand its major
tributaries, the Muskingum, Scioto, and Great Miami rivers, are
well developed with dams and reservoirs. Lower flows could
adversely affiect important uses such as navigation and water
supply, although large storage reservoirs or changes in opera-
tions could moderate some impacts, Higher summer temperatures
and tower flows also could degrade water quality by concentrat-
ing pollutants. Drinking water quality, urban and industrial
discharges, and storm water overflows are iniportant water
quality issucs in Ohio.

Floods ocous in Ohio nearly every year. Ina warmer climate,
rainfall could be higher and storms could be more intense. Wetter
conditions would increase water availability, but could increase
flooding. Areas such as the Maumee and Blanchard river basins
and the lowlands south of Columbus are susceptible to flooding.
In the northern and westem parts of the state, erosion of farmland
van be severe. Increased rains could exacerbate levels of pesti-
cides and fertilizers in runoff from agricultural lands and sedimen-

. tation of navigation channels. It also could increase acid drainage

°r.E. Change
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from mining activities in eastern and southeastern Ohio.

In a warmer climate, increased temperature and higher evapora-
tion could reduce inflows into the Great Lakes and lower lake
levels. Shorelines could be vulnerable to erosion damage from
wind and rain, but flood damage could be reduced. Harbors and
channels could require more dredging. Although lower water
levels in channels connecting the lakes could hamper shipping,
reduced ice cover would lengthen the shipping season. Warmer
tempetatures could degrade lake water quality.

Agriculture

The mix of crop and livestock production in z state is influenced
by climatic conditions and water availability. As climate warms, -
production patterns could shift northward. Increases in climate
variability could make adaptation by farmers more difficult.
‘Wanner climates and less soil moistore due to increased

Changes In Agricultural Yield And Production
Dryland Yeld

Production

Corn  Soybears Hay Com  Soybeans Hay
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Sources: Mendelsohn and Neumann (in press), McCar
(personal communicatian}



evaporation may increase the need for irrigation. However, these
same conditions could decrease water supplies, which also may
be needed by natural ecogystems, urban populations, industry,
and other users.

Understandably, most studies have not fully accounted for
changes in climate variability, water availability, crop pests,
changes in air pollution such as ozone, and adaptation by
farmers to changing climate. Including these factors could
change modcling results substantially. Analyses that assume
changes in average climate and effective adaptation by farmers
suggest that aggregate U.S. food production would not be
harmed, although there may be significant regional changes.

In Ohio, production agriculture is a $4.4 billion annual industry,
two-thirds of which comes from crops. Very few of the farmed
acres are irigated. The major crops in the state are comn, say-
beans, and hay. Com yields could fall by as much as 35% under
severe conditions where temperatures rise beyond the tolerance
levels of the crop and are combined with increased stress from
decreased soil moisture. Depending on how climate changes, hay
and pasture yields could fall by 16% or rise by 8%, and soybeans
yields could rise by 18% or fall by 33%. Farmed acres could
remain fairly constant, or they could decrease by as much as 20%.
Nursery and horticalture crops are also important to Ohio
agriculture and could be affected by climate change. However,
these impacts have not bezn well studied, and because inputs
such as water are tightly managed for many of these crops, their
exposiwre to climate change may be limited. '

Forests

Trees and forests are adapted to specific climate conditions,
and as climate warms, forests will change. These changes could
include changes in species composition, geographic range, and
health and produciivity. If conditions also become drier, the
current range of forests could be reduced and replaced by
zrasslands and pasture. Even a warmer and wetter climate could
-zad o changes; trees that are better adapted to warmer condi-
:ions, such as oaks and pines, would prevail. Under these

Changes In Forest Cover
Current +10°F, +13% Precipitation
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conditions, forests could become more dense. These changes
could occur during the lifctimes of today’s children, particularly
if the change is accelerated by other stresses such as fire, pests,
and diseases. Some of these stresses would themselves be
worsened by a warmer and drier climate.

With changes in climate, the extent of forested areas in Ohio
could change little or degline by as much as 30-508¢. Bven if there
is no decling in forested area, the types of trees dominating those
forests and woodlands are likely to change. In a warmer climate,
forested areas could be increasingly dominated by pine and scrub
oeks, replacing many of the eastern hardweads common through-
ouf Ohio forests. In areas where richer soils are prevalent or if
precipitation increases significanily, southem pines could
increase their range and density. In contrast, under drier condi-
tions or in areas with poorer soils {which are more common in
Ohio’s forests), scrub oaks of little commercial value (.., post
oak and blackjack vak) could increase their range.

Ecosystems

Much of Ohic’s landscape has been iransformed by logging,
agriculttiral, urban, and industrial development, increasing the
importance of the few, high quality, natural communities that
remain today. The northern third of the state, which draing into
Lake Erie, contains plant communities ranging from deciduous -
and hemlock forests ta prairies, sand barrens, savannas, bogs,
fens, marshes, and sandy beaches. Oak savanna and wet prairie
habitats mark where eastern forests mest western prairie ecosys-
tetns, and these are threatened communities. Less than 2% of the
original oak savanmas in the Midwest exists today. This habitat
contains more than one-third of the rare plants and animals in
Ohio. Over 65 species of birds and many buiterfly species nest
within the region, including the less than 20 nesting pairs of
endangered lark sparrow that survive in the state.

Ohio is in one of the nation’s most highly industrialized

regions. It had already lost 90% of its wetlands between 1700
and 1980. Chenges in climate could further threaten remaining
wetlands, particularly ecosysiems within the Lake Erie drainage.
If the level of Lake Erie falls, the wetland habitats that depend
on inundation of freshwater from the lake would be adversely
affectad. Warming could change the-temperature structure of
lakes, availability of dissolved oxygen, and cycling of nutrieats,
all of which will affect aquatic flora and fauna. If temperatures in
Lake Erie rise as projected, cold water refuges for certain fishes
may disappear and areas of warm water could increase, thus
altering the types and mnges of fish species and communities.
Lower dissolved oxygen levels in Ohio ponds during warmer
years have reduced cool-water bottom habitat for northern pike,
summer weight, and development. Warmer water temperatures in
rivers and streams of the state could enhance invasion of while
perch, which exhibits higher winter survivel of young during
warm winters.

For further information about the potential impacts of dimate
change, contact the Climate and Policy Assassmendt Division
{2174), LS. EPA, 401 M Street SW, Washington, DC 20460, or
visit hitp/fiwww.epa.goviglhobatwarming/impacts.

&
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A. Introduction

1.

The Working Group HI coentribution to the IPCC Fourth
Assessment Report (AR4) focuses on new literature .on
the scientific, technalogical, environmental, e¢onomic and
social aspects of mitigation of climate change, published
since the IPCC Third Assessment Report (TAR) and the
Special Reports on CO, Capture and Storage (SROCCS) and
on Safeguarding the Ozone Layer and the Global Climate
System (SROC).

The following summary is crganised into six sections after

this introduction:

* Greenhouse gas (GHQ) emission trends

s Mitigation in the short and medium term, across
different economic sectors (until 2030)

« Mitigation in the long-term (beyond 2030)

¢ Policies, measures and instruments to mitigate climate

¢ Sustainable development and climate change mitigation
s Gaps in knawledge.

References to the corresponding chapter sections are
indicated at each paragraph in square brackets. An
explanation of terms, acronyms and chemical symbols
used in this SPM can be found in the glossary to the main

report.

B. Greenhouse gas emission trends

2.

Global greenhouse pgas (GHG) emissions have

grown since pre-industrial times, with an inerease of

70% hetween 1970 and 2004 (high agreement, much

evidence)'.

+ Since pre-industrial times, increasing emissions of
GHGs due to human activities have led to a marked
increase in aimospheric GHG concentrations [1.3;
Working Group I SPM].

* . Between 1970 and 2004, glabal emissions of CO,, CH,,
N,O, HFCs, PFCz and SF;, weighted by their global
warming potential (GWP), have increased by 70% (24%

between 1990 and 2004), from 28.7 10 49 Gigatonnes
of carbon dioxide equivalents (GtCO,-eq)? (see Figure
SPM.1). The emissions of these gases have increased
at different rates. CQ, emissions have grown between
1970 and 2004 by about 80% {28% between 1990 and
2004) and represented 77% of total anthropogenic GHG
emissions in 2004.

The largest growth in global GHG emissions between
1970 and 2004 has come from the energy supply sector
(an increase of 145%). The growth in direct emissions?
fram transport in this period was 120%, industry 65%
and land use, land use change, and forestry (LULUCF)
40%7. Between 1970 and 1990 direct emissions from
agriculture grew by 27% and from buildings by 26%,
and the laiter remained at approximately at 1990 levels
thereafter. However, the buildings sector as a high level
of electricity use and hence the total of direct and indirect
emissions in this sector is much higher (75%) than direct
emissions [1.3, 6.1, 11.3, Figures 1.I and 1.3].

The effect on global emissions of the decrease in global
energy intensity (-33%) during 1970 to 2004 has been
smaller than the combined effect of global per capita
income growth (77 %) and global population growth
(69%); both drivers of increasing energy-related CO,
emissions (Figure SPM.2). The long-term trend of &
declining carbon intensity of energy =upply reversed
afler 2000. Differences in terms of per capita income, per
capita emissions, and energy intensity among countries
remain significant, (Figure SPM.3). In 2004 UNFCCC
Annex | countries held a 20% share in world population,
produced 57% of world Gross Domestic Product based
on Purchasing Power Parity (GDP,,,)* and accounted for
46%; of global GHG emissions {Figure SPM.3) [1.3].
The emissions of ozone depleting substances (ODS)
controlled under the Montreal Protocol”, which are also
GHGs, have declined significantly since the 1990s. By
2004 the emissions of these pases were about 20% of
their 1990 level [1.3].

A range of policies, including those on climate change,
energy security?, and sustainable development, have
been effective in reducing GHG emissions in different
sectors and many coundries, The scale of such measures,
however, has not yet been large enough to counteract
the global growth in emissions [1.3, 12.2).

®~;m

Each headline statement has an “sgreement/avidence ™ sssessment altached that is supparted by the bullats Lndenneath. This doas neol necassasily mean that this level of
“agresmanb/evidence” applies to each bullet. Endbox 1 provides an explanation of this represantation of uncertainty.

The definition of earbon diaxide equivalent (CO;-eq) is the amount of CO2 emisalon that would ceise the same radiative forcing as an emitted amount of & well mived green-
house gas of & mixture of well mixed greanhousa gases, all multipliad with their reapective GWF3 10 toka inio acoount the differing Smmes they nemain in the stmosphere WGI

AR4 Glossary).

Direot ernissions |nunhuebrdunmmludemmnnmmwwwuhrﬁemmhmommnmmqﬂwﬁmlmudm

emissions from rafinery opsrations mpphying fus 1o the trenspon secter,

The term “land uze, land use change and forestry” is used here to describa Bw aggrigated emnissians of GO, GH,, N,O from deforestation, biomass and burning, decey of
biomaas from logging and deforestation, decay of peat and pead fires 11.3.11. mbumthm|mmnilmmdﬁfomﬂbn.mchsnchawM Thi emissions

reportad here do not inchude carbon uptake (removals).

This rend is for the total LULUGF emissiors, of which emissions from deforastation are a subset and, owing to largs data uncertainties, hmmmbasmthmfwm
sectors, The rate of deforestation globally was siightly lower in the 2000-2006 period than in The 1880-2000 period 19.2,1),

The GDPppp metric Is used for llusirative purposas only fior this repont, For an explanation of PPP and Market Exchange Rate [MER) GDP caloulations, see foctnnts 12.

Halons, chicrofluerocarbons (CFCs), hydrochlorflucrocernons (HCF s, methyl ohlorsfiorm (CHLGOL), carbon istrachiorde (CCL) and mathy] bromide {CHaEr).

Energy security refers to securlty of energy supply,
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B GO, deforestationS) §)

307 BCO, other”)
25+ :
20+
151 WCO, fossl fuel use?)
101 .
51
o

1970 1980 1290 2000 2004

H Total GHG
204

104

e s &

1870 1980 1990 2000 2004

Figure SPM.1: Global Warming Potential (GWP} walghted global grecnhouse ges
amissions 1970-2004. 100 year 6WPs from FCC 1996 (SAR) were ised i comvert

amissions & C0,-6q. . UNFCCT raporting guidolinss). COy GHy Ny0, HFCS, PRCS

and SF; from aH sources ana jnclxdad,

The two C0, emission calagorias refiect DO, smissions rum enorgy productin aRd
¥za (second from boitom} and from land wea changas (thind fron Se bottom) [Figira
112

Notes:

1. Other N Includes industria! processes, deforestation/savannah buming,
wasts water and waste incineration.

2. Cther ks CH, from Indusivial processes and savannsh buming.

3. Including emissions from bioenargy production and use

4. CO, emigsions from decay (decompuosition} of above ground biomass that
remains after foniging and deforestation and GO, from peat finas and decay of
drainad peat soils.

5. As wall as traditional biomass use at 10% of total, assuming 90% ks from
simtainable biomass production. Gomected for 10% carban of biomass that is
assumed to remain £a charcoa) after combustion.

8. For large-sra forast and scrubland blomess burning averaged data for
1887-2002 hasad on Global Fire Emisaions Dein boase salallite data.

7. Cement praduction and natural gas flaring.

B, Fossil fusl use iIncludes emissions from feedstocks.

3. With current climate change mitigation policies and
‘related custsimable development practices, global
GHG emissions will continue to grow over the next few
decades (high agreement, much evidence),

» The SRES (non-mitigation) scenarios project an increase
of baseline giobal GHG emissions by a range of 9.7
GICO.-eq to 36.7 GtCOy-eq (25-90%) between 2000
and 2030% (Box SFM.1 and Figure SPM.4). In these
scenarios, fossil fuels are projected to maintain their
dominant position in the global energy mix to 2030 and
beyend. Hence CQ, emissions between 2000 and 2030
from energy use are projected to grow 40 to 110% over

that period. Two thirds to three quarters of this increase.

in energy CO, emissions is projected to come from non-
Annex [ regions, with their average per capita energy
CO, emissions being proiected to remain substantiafly
lower (2.8-5.1 tCO4y/cap) them those in Annex I regions
(9.6=15.1 tCOy/cap) by 2030. According to SRES
scenarios, their economies are projected to have a lower
energy use per unit of GDP (6.2 — 9.9 MJ/US$ GDP)
than that of non-Annex I countries {11.0—21.6 MY/US$
GDP).[13,3.2]

9  The SAES 2000 GHG amissions assumed here ane 39.8 GIC02-04, i.e. lower than the smissions reported in ihe EDGAR dutabace for 2000 (45 GHCQ2-eq). This is masty dua to

differences in LULUGF amissiona.
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Flgure SPM.3a: Year 2004 olstribution of regiona! per capila GNG amissions i Figure SPM.3b: Year 2004 distribution of regional GHEG amisslons (sl Kol
Kyoto gases, inchiding those from land-uss) over the popidation of different cotmiry Gases, including those from lanid-ise) per USS of GDP,,, over e GDF,, of diffevert
groupings. The percentages in the bars indicate a mglons shass in global GHG emis- country groupings. The percentages in the bars indicale a regions share It global
sians [Figure 1.4a]. GHE amissions (Figtre 1.45. )
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Figure SPM.4: Global GHG emissions for 2000 and projfeciad bass)ine emissions' for 2030 and 2100 from IPCC SRES and the post-SRES Kterature. The figure provides the
emissions from the s Musirative SRES sconanias. 1 aiso provides the froquency distribution of the amissions in the pasi- mmp-,zsw median, 75®, 95% percentie),
as covored (it Chapler 3. F-gasus covar HFGs, PFCs and SFg {1.3, 8.2, Figime 1.7].

4, Baseline emissions scenarios published since SRES!,
pre comparable in range to those presented in the IPCC
Special Report on Emission Scenarios (SRES) (25- 135
GtCO;-eq/yr in 2100, see Figure SPM.4) (high agreement,
much evidence).

Studies since SRES used Jower values for some drivers
for emissions, notably population projections. However,
for those studies incarporating these new population
prajections, changes in other drivess, such as economic
growth, resulted in little change in overall emission
levels. Economic growth prejections for Africa, Latin
America and the Middle East to 2030 in post-SRES
baseline scenarics are lower than in SRES, but this
has only minor effects on global economic growth and
overall emissions [3.2].

'-Representationofaerosolandmosolprecmsor

emissions, including sulphur dioxide, black carbon,
and organic carbon, which have a net cooling effect!!
has improved. Generally, they are projected to be lower
than reported in SRES [3.2].

Available studies indicate that the choice of exchange
rate for GDP (MER or FPP) does not appreciably atfect
the projected emissions, when used consistently!?,
The differences, if any, are small compared to the
vncertainties caused by assumptions on other parameters
in the scenarios, e.g. technological change [3.2].

10 Basaline stenios do net includs additional cimate policy above cument onas; mone recent sthudles differ with respect to UNFCCC and Kyota Pratocel inclusion,
11 See AR4 WQ ) report, Chagter 10.2.

12 Sincs TAR, there has been a debate on the use of different axchange ratee in emiesion eoanarios. Twoe metrics are vsed 1o cormpare GDP between countries. Uee of MERis ' °

prefarable for analyses involving Intemationally treded produats. Uss of FRR is preferable for analyses involving comparnisons of Income between countries at very different
stapes of development, Mogt of the monotary wnils in this roport are expressed in MER. This reflects the lrge majority of emissions mitigation Rerature that is calibrated in
FAER, When monstary wits e expressed in PPR this is denoted by GOP .
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Box SPM.1: The emigsion soenarios oftha IPCC Special Report on Emission Scomrios (SRES)

B ‘A1 Tha A1 storyline and scenario family describes a future woﬂd of very rapld econonic gruwth global popu!ation that
peaks in mid-century and declines thereefter, and the rapid introduction of new and’ more efficient technologies. Major
_underlying themes are convergence among regions, capacity bulkiing and Increased cultural and social interactions, with .
"a substantial reduction in regional differences in per capita Income. The A1 scenario family develops Into three groups that
“describe atternative directions of technological change in the energy system. The thres A1 groups are distingulshed by their
technologlcal emphasis: fossli Imensive {A1F1), non fossil energy sources (A1T), or a balance across all sources (A1B8) (where
.. balanced is defined as not relying too heavily on one particular energy source, on the assumption that simlar improvement
_* rates apply to all energy’ supply and end use tectwwlogles)

;A2 The A2 storyiine end scenario family describes e vefy heteroganeous world. The underlying theme is seif rellance and
" preservation of local identities. Fertility patterns across reglons converge very slowly, which results in continuously increas-

-....Ing population. Econommic development ks primarily regionally ariented and pef caplta economic growm and tecl’nological -
_'_"chmgemorefragmmted andslowertha,normerstoryllnes. a

- B1 .Tha B1 storyllne and scenano laniy deacribea acorwe:gerrt wndd wilh the same global popl.ﬂtion that peaks In mld- .
N ‘cerrtury and declines thereafter, gs in the A1 storytine, but with rapid change In econormic structures toward a service and -
' information economy, with reductions in material. intensity and the introduction of clean and resource efficient technologies.

_ The emphasis is on global solutions to economic, social and envitonmental sustainabliity, lndudlng improved equity, but -
a without additional cllmate Inttiatives, ’

o 32 The B2 storylme and scenario family describes a world In which the emphasis Is on local solutions to economic, social -
_"aid environmental sustainabllity. It is a world with continuously increasing global population, at a rate- lower than A2, in-
. “termediate levels of economic developmant, and less rapid and more diverse technological change than in the Bl and A1
. 5{fstory||nes ‘While the scenario is also unented towards anwronmsntal proiecﬂon anxd accial equltsl, it focusu on local and
- :reglonal levels. . . - ‘ : ,

An |||usu-ativa scenario was chosen for each of the snc scemrlo goups A1B A1FI A1T A2, Bt and B2. AII should be mn-'
. sidered equally sound s . . -

: .7.:-'1113'SRES soenarios do not incliide addmnnai chmate mlnatms, whlch means ll-nat na soanarlos are Included that expllcltly '
" assume implementation of. the United Nations Framewa'k Gonveniinn on Climate crnnge or the emisslom targerls ofthe . .
: _Kyoto Protocol.

j _"Th!s boxsummamngmeSRESscemdaststakenmmeWAssmmmnePMandms baensublecﬂdpmrlbwby'
' Imeappmval by the Panal. - . }

Box SPM 2 Ml'ligation potenﬁnl and amlgﬂeal approaches

" The concept of “miligation potential” hes been developed to assess the scale of GHG reductions that could be mads, relative
to-emission baselines, for a given level of carbon pricé {expressed in cost per unit of carbon dioxide equivalent emissions
avoldad or reduced). Mitigation potential is further differentlated in tarms of “market potentlal" and *sconomic’ potemlal"

Market potentlal Is the mitigation potenllal based on private costs and private discount rates“ which rntght be expecied -

- -to eceur under forecast market oondmons, including pollcles and measures currenﬂy in place noting that barriers imit actual
... -Uptake [2.4].

13 Private costs and discounit rates reflect tha perspective of private consumers and companisg; sas Glnssary for a fuller dascription
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" Box SPM.2 Continued)

. Economic potential is the mitigztion potenﬁal v)hich takes into account Social costs and benefits and social discount .
- rates™, assumlng that market efficiency is Improved by policias and measures and bamers are mrnnvnd [2.4).

Z-'";.'_Studres of market potential can beused o inform poficy makers abois mitigation potential with existing policies and barrers,

. while studles of economic potentials show whet might be achieved If appropriate new and additional policies were put into. .

placa to remove barriers and hclude social costs and benaﬁts. The eoonumlc polerrlial is therefore ganardly gaater than: -

(- the market potential

':Mitngaﬁon potential is estimated using different Iypes of approaches Them are two bmad classés "bottom-up and "hop-
.~ down™ approaches, which pﬂmarily have been used to assess the aconomic potential. ' T

Bathm-w studies are based on assessment of mrtigahon aptions, ernphasng speclﬁc technalogies and regdaibns

_ . They are typically gectoral studies taking the1 macro-accnomy as unchanged. Sector estimates have been aggregated. a5 in

the TAR, to provide an estimate of gicbal mitigation potential for this assassment.’

. Top-dum studles assess the sconomy-wide polential of mitigation options. They use globally conslstem frameworks and
- aggragated information about mitigation -options and capture macro-aconomic and rnn'kot feedbacks. - :

g Bottom-up and top-down models have baoome mure similar since the TAR as top-duwn models have Incorporated more
technologicat mitigation options and bottom-up modals have incorporated more macrosconomic and market feedbacks as -

~ well as adopting barrier analysis.into their ‘model struch.lras. Bottom-up siud!as In particular are usefuf for the assessment -

. -of spectfic policy options at sectoral level; e.g. options for improving energy efficiency; while top-dowh studies are useful for -
- assessing cross-secioral and economy-wide climate change policies, such as carlion taxss and stabilization policies. How- .
- ever, ourrent bottorm-up and top-down studies of economic potential have limitations in considering life-style choices, and
-, inincluding all externalities such as local air pollution. They have limited representation of some regions, countries, sectors,
- gases, and barriers. The projected mitigation costs do not take into account potential bénefits of avoided climate change. -

Box M.& Assumpﬁons in stm:lles on miﬁgalmn pprtfollos and macm-economnc costs

.Studaes on miligation portfolos and macro-aooﬂumlc cnsts assessed in this report are based on top-down modelling Most

.models use a global least cost approach to mitigation portfolios and with universel emissions trading, assuming transparent
. -arkets, no trangaction cost, and thus petfec! mplementatlon of mitigation’ maasures tltuughoui the 21t cantuy costs are
. .given fora specific point !n tlme. )

- Global modelled casts will increase rf some regions sectors (e. g Iand-use) optlons or gases are excluded Global modefled .
- costs will decrease with lower basellnes, use of revenues from carbon taxes and auctioned pemmits, and if induced tech-

-nological learning is included. Thesa models do not consider climate benefits and genemlly also co-beneﬁm of mmgatlon .-

~“meagures, or equity issues.

Box SPM.II' Modeling mduced teehnologcal chﬂﬂﬂo

. Relevant literature implies that policies and measures may !nduoa technological change. F!emarkahb progass has been' :

achieved in applying approaches based on inducsd Iachnologlcal change to stabilisation studies; however, conceptual is-
_ sueg remain. In the modsls that adopt these approaches, projected costs for a given stabilization leve! are reduced; the :
* reductions are greater at lower stabilisation levels. .

14 Soc»al costs and discount rates refiect the perspemhre of socisty. Social discount rates are lowsr than those used by privale lnvestnrs; san Giasnry far a fuller demﬂpllm
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C. Mitigation in the short and medium

term {until 2030)

5. Both bottom-up and top-down studies indicate that

there Is substantial economic potential for the mitigation
of global GHG emissions over the coming decades, that
could offset the projected growth of giohal emissions or
reduce emissions below corrent levels (high agresmant,
much evidence).

Uncertainties in the estimates are shown as ranges in the
tables below to reflect the ranges of baselines, rates of
technological change and other factors that are specific to
the different approaches. Furthermore, uncertainties also
arise from the limited information for global coverage of
countries, sectors and gases,

Bottom-up sindies:

» In 2030, the cconomic potential estimated for this
assessment from bottom-up approaches (see Box
SPM.2} is presented in Table SPM.1 below and Figure
SPM.SA. For reference: emissions in 2000 were equal
to 43 G1C0,-¢q. [11.3]):

Table SPM.1: Global economic mitigation paential in
e 7 i;%‘f“*“

R T

2030 estimated from batlom-up stidies.

s Studies suggest that mitigation opportunities with net
negative costs!S have the potential to reduce emissions
by around 6 GtCO,-eqfyr in 2030. Realizing these
requires dealing with implementation barriers [11.3].

s No one sector or technology can address the entire
mitigation challenge. All assessed sectors contribute
to the total {see Figure SPM.6). The key mitigation
technologies and practices for the respective sectors are
shown in Table SPM 3 [4.3, 4.4, 5.4, 6.5, 7.5, §.4, 94,
104].

Top-down stodies:

» Top-down studies calcutate an emission reduction for
2030 as presented in Table SPM.2 below and Figure
SPM.5B. The global economic potentials found in the
top~down studies are in line with bottom-up studies (see
Box SPM.2), though ihere are considerable differences
at the sectoral level [3.6].

e The estimates in Table SPM.2 were derived from
stabilization scenarios, ie., runs towards long-run
stabilization of atmospheric GHG concentration [3.6].

15 hhism;;on,ashmasmmun‘rﬁn. options with nel negative costs ino segrets oppoTiunities) an dafined as those aptions whoss benefits such &S reduced enevgy costs
and reduced emisgions of iotal/regional poliutants equal or exceed thelr costs to society, excluding the benefits of svcided climate changs (see Box 3PI.1),
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Figure SPM.SA: Global economic mitigation potential in 2030 estimated from FHMM:GWMMWMMIMMUWM
boftom-up studies (dala from Table 5PM.1) {op-down studies {data from Tabls SPM.2)

Table SPM.3: Key mitigatian lechnologies and practices by seclor. Seclors and tecimologics are Rfed In no pardicwiar order. Non-tschnological paactices, stich as Meslyie
dmmw Mwmﬂwm mmwwmmmmmmmnWFm this SPM).

er | faciliies; advanced niclasr power; advanced reneWable:

| recovery; oomposﬁmgufcngamc waste; controlled w
sl watertleatmant; recyciing and waste minimizatioh;

10



Surcmary for Pollcymalkers

7 GtCOagiyr
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ICOeq: 2.4 {CO8q- 1.6 |COyar 5.3 |ICO0q:25 [ICOreq:-2.3 |ICOreq: 1.3 |1COr0q 0.4

-476GtCO, |-25GtCO, |-87GICO, |-556GIC0O,- |-64GICO, |-4261C0, |-16G1CO,
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Figure SPM.6: Estimatad sactoral economic pateniial for global miigafion for diferent repfons as 8 Junction of carbon price in 2090 from bottom-up sexkss, comparsit to

the respective baselines assumed i the secior assessments, A full explanation of ths derivation of this figurs is formd in Ssction 1.3,

Notea:

1. The ranges for global ecunomic potentials s assessed in each sector are shown by vertical inee. The ranges are based on end-use atlocationg of ernissions,
maaning that emissions of efeciricity use are counted towards the snd-use sectars and not ¥ the enemgy Supply sactor

2, The estimated potentials have been constrained by the avallabllity of studies particulasty at high carbon price levals.

3. Sectors used different baselines. Fer industry the SRES B2 basaline waas taken, for energy supply and transport the WEQ 2004 basetine was used; the building
sactor is based on a baseling in between SRES B2 and ATR; for wasts, SRES A18 driving forces ware usadt to consiruct a wasie specific baseling, agriculture and
forestry used basalinas that mostly used B2 driving forces.

4. Only global 1otals for transport are shown because international aviation is included [5.41.

§. Categories excluded ara: non-CO, emissions in bulkdings and ransport, pan of matarial efficiency options, heat production and cogeneration in energy cupply,
heavy duty vehicles, shipping and high-occupancy passenger transport, most high-cost options for bulidings, wastewater treatment, smission reduetion from cosl
mines and gas pipelines, fluorinated gases from snemy supply and ransport. The undérestimation of the total econowic potential from these emissions is of the
arder of 10-15%,

6. In 2030 macro-economic costs for multi-gas mitigation, s Studies that assume the possibility that climate change
consistent with emissions trajectories towards policy induces enhanced technological change also
stabilization between 445 and 710 ppm CO,-eq, are give lower costs. However, this may require higher
estimated at between a 3% decrease of global GDP and upfiont investment in order to achieve costs reductions
a small increase, compared to the baseline (see Table thereafter (see Box SPM.4) [3.3, 3.4, 11.4, 11.5, 11.6).
SPM.4). However, regional costs may dif¥er significantly s  Although most models show GDP losses, some show
from global averages (high agreement, medium evidence) GDP gains beczuse they assume that basclines arc
{see Box SPM.3 for the methodologies and assumptions non-optimal and mitigation policies improve market
of these resulis). efficiencies, or they assume that more technological
» The majority of studies conclude that reduction of change may be induced by mitigation policies. Examples

GDP relative to the GDP baseline increases with the
stringency of the stabilization target.

Depending on the existing tax system and spending
of the revenues, modelling studies indicate that costs
may be substantially lower under the assumption that
revenues from carbon taxes or auctioned permits under
an emission trading system are used to promote low-
carbon technologies or reform of existing taxes [11.4].

of market inefficiencies include wnemployed resources,
distortionary taxes and/er subsidies [3.3, 11.4].

A multi-gas approach and inclusion of carbon sinks
generally reduces costs substantially compared to CO,
emission abatement only [3.3].

Regional costs are largely dependent on the assumed
stabilization level and baseline scenario, The allocation
regime is also important, but for most countries to a
lesser extent than the stabilization level [11.4, 13.3].

11



summary for Policymakers

Tnb!e SI’MA' Esﬂmwmfmmmmmmmmrmmwm mmmmmmmu

a)Faagivinald:Jlenlewl GDPﬁdur:hnnmuldhmamﬂmlnmmnﬁsdhzmunmwdsdwbmmnmmhhmsm

b) Results based on stutfles using various basefines.

¢) Studies vary in terms of the point in time stabiltzation is achieved; genernllylﬁaislnmooorletor

d} This is global GDP based merket exchange rates.

#) The median and the 10% and S0™ percentile range of the analyzed data are given,

f} The calculadion of the raduction of the annual growth mahbwedmhamageredwﬂonaﬂgmepaﬂodﬂlzoaommdmmnhindadndsm
decrease In 2050,

g} The number of etudies that report GDP results ks relatively emall and thay generaliy use low basefines.

7. Changes im lifestyle and behaviour patierns can . lncludingm-heni:ﬂtsoﬂnrthmhealth,sudwsinmme&

contribute to climate change mitigation across all

sectors. Management practices can also have a positve

role (high agreement, medium evidence).

s Lifestyle changes can reduce GHG emissions. Changes
in lifestyles and consumption patterns that emphasize
resource conscrvation can confribute to developing
a low-carbon economy that is both equitable and
sustainable [4.1, 6.7].

s Education and training programmes can help overcome
barriers to the market acceptance of energy efficiency,
particularly in combination with other measures [Table
6.6].

o Changes in occupant behaviowr, cultural patterns and
consumer choice and use of technologies can resuht
in considerable reduction in CO, emissions related to
energy use in buildings [6.7].

+* Transport Demand Management, which includes urban
planning (that can reduce the demand for travel) and
provision of information and educational techniques
(that can reduce car usape and lead to an efficient
driving style) can support GHG mitigation [5.1].

¢ Inindustry, management tools that include stafftraining,
reward systems, regular feedback, documentation
of existing practices can help overcome industrial
organization barriers, reduce enerpy use, and GHG
emissions [7.3].

While studies use different methodologies, in all
analyzed world regions near-term health co-benefits
from reduced air polintlon as a result of actions to
reduce GHG emissions can be suhstauntial and may
offset 3 substantial fraction of mitigation costs (Figh
agreement, much evidence).

9.

energy security, and increased agricultural production
and reduced pressure on natural ccosystems, due to
decreased tropospheric ozone concentrations, would
further enhance cost savings [11.8].

o Integrating air pollution abatement and climate
change mitigation policies offers potentialty large
cost reductions compared to treating those policies in
izolation [11.8].

Literatures since TAR confirms that there may be effects

from Anmex I countries’ action on the global economy

and global emissions, althomgh the scale of carbon
lealinge remafns wncertsin (high agreemeri, medium
evidence).

» Fossil fuel exporting nations (in both Annex I and non-
Annex [ countries) may expect, as indicated in TAR'S,
lower demand and prices and lowet GDP growth due
to mitigation policies. The extent of thiz spill overt?
depends strongly on assumptions related fo policy
decisions and oil market conditions [11.7].

s Critical uncertainties remain in the assessment of
carbon leakage!®. Mast equilibrium madelling support
the conclusion in the TAR of economy-wide leakage
from Kyoto action in the order of 5-20%, which would
be less if competitive low-emissions technologies were
effectively diffused [11.7] .

10. New energy infrastructure investments in developing

comntries, upgrades of eoergy infrasiructure in
industrialized countries, and policies that promote
energy security, can, in many cases, create apportunities
to achieve GHG emission reductions?? compared to
baseline scenarios. Additional co-henefits are couniry-

16 See TAR WG NI (2001) SPM paragraph 16.
17 Spili over wifects of mitigation in a cross-sectaral parspactive ane tha affects of mitigatinn policles and meastres in one ootntry or graup of countriss on sactors In ather coun-
tries.

18 Cart‘mnhdugblsdafmedasmmmhGogemlmonamdemeenumﬁesmlﬁngmnﬁgaﬁmuﬁm divided by the reduction In the amissions of these couniriea.
19 Ses iable SPM.1 and Figure SPM.6
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specific but often incinde air pollution abatcment,

balance of trade improvement, provision of modern

energy services to rural areas and employment (high
agrezmeni, much evidence). '

» Future energy infrastructure investment decisions,
expectad to total over 20 trillion US$20 between now and
2030, will have long term impacts on GHG emissions,
because of the long life-times of energy plants and other
infrastructure capital stock. The widespread diffusion of
low-carbon techrologies may take many decades, even
if carly investments in these technologies are made
attractive. Initial estimates show that returning global
energy-related CO, emissions to 2005 levels by 2030
would require a large shift in the patbern of investment,
although the net additional investment Tequired ranges
from negligible to 5-10% [4.1, 44, 11.6].

¢ It is often more cost-effective to invest in end-use
energy efficiency improvement than in increasing
energy supply to satisfy demand for encrgy services.
Efficiency improvement has a positive effect on energy
security, local and regional air pollution abatement, and
employment [4.2, 4.3, 6.5, 7.7, 11.3, 11.8].

# Renewable energy generally has a positive effect
on energy security, employment and on air quality.
Given costs relative to other supply options, renewable
electricity, which accounted for 18% of the electricity

* supply in 2005, can have a 30-35% share of the total
electricity supply in 2030 at carbon prices up to 50
US$ACO,¢q [4.3, 4.4, 11.3, 11.6, 11.8].

+ The higher the market prices of fossil fuels, the more
low-carbon alternatives will be competitive, although
price volatility will be a disincentive for investors.
Higher priced conventional oil resources, on the other
hand, may be replaced by high carbon alternatives such
as from oil sands, oil shales, heavy oils, and synthetic
fuels from coal and gas, leading to increasing GHG
emissions, unless production plants ate equipped with
CCS [4.2, 4.3, 4.4, 4.5).

* Given costs relative to other supply options, nuglear
power, which accounted for 16% ofthe electricity supply
in 2005, can have an 18% share of the total electricity
supply in 2030 at carbon prices up to 50 US$ACO eq,
but safety, weapons proliferation and waste temain as
constraints [4.2, 4.3, 4412\,

* CCS in undesground geological formations is & new
technology with the potential to make an important
contribution to mitigation by 2030, Technical, economic
and regulatory developments will affect the actual
contribution [4.3, 4.4, 7.3].

1.

12

There are multiple mitigation oplions in the transport

sector!’, but their effect may be counteracted by growth

in the sector. Mitigation options are faced with many
barriers, such as consumer preferences and lack of policy
frameworks (medium agreement, medium evidence).

» Improved vehicle efficiency measures, leading to fuel
savings, in many cases have net benefits (at least for
light-duty vehicles), but the market poteatial is much
lower than the economic potential due to the influence
of other consumer considerations, such as performance
and size. There is not enough information to assess the
mitigation potential for heavy-duty vehicles. Market
forces alone, including rising fuel costs, are therefore
not expected to lead to significant emission reductions
5.3, 54).

o Biofuels might play an important role in addressing
GHG emissions in the transport sector, depending on
their production pathway. Biofuels used as gasoline and
diesel fuel additives/substitutes are projected to grow to
3% of total transport encrgy demand in the bascline in
2030. This could increase to about 5-10%, depending on
future oil and carbon prices, improvements in vehicle
efficiency and the success of technologies to utilise
cellulose biomass [5.3, 5.4].

e Modal shifts from road to rail and to jnland and
coastal shipping and from low-occupancy to high-
occupancy passenger transportation®, as welt as land-
use, urban planning snd non-motorized transport offer
opportunities for GHG mitigation, depending on local
conditions and policies [5.3, 5.5]."

¢ Medium term mitigation potential for CO, emissions
from the aviation sector can come from improved fuel
efficiency, which can be achieved through a variety
of means, including technology, operations and air
traffic management. However, such improvements are
expected to only partially offset the growth of aviation
cmissions. Total mitigation potential in the sector would
also need to account for non-CO, climate impacts of
aviation emissions [5.3, 5.4]. )

* Realizing emissions reductions in the transport sector
is often 8 co-benefit of addressing traffic congestion, air
quality and energy security [5.5].

Energy efficiency options!* for aew and existing buildings

could considerably reduce CO, emissions with met

economic benefit. Many barriers exist against tapping

this potential, but there are also large co-benefits (high

agreement, much evidence).

+ By 2030, about .30% of the projected GHG emissions
in the building sector can be avoided with net economic
benefit [6.4, 6.5].

20 20 wilon = 20000 bilkon= 20m1012,
21 Austria could not agree with this statement,
22 Inclhuding rall, road and Mmarne mass transil end carpooling.
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13.

+ Energy efficient buildings, while limiting the growth of
CO, emissions, can also improve indoor and outdoor
air quality, improve social welfare and enhance energy
security [6.5, 6.7].

¢ Opportunities for realising GHG reductions in the
building sector exist workiwide. However, multiple
barriers make it difficult to realise this potential. These
barriers include availability of technology, financing,
poverty, higher costs of reliable informaticn, limitations
inherent in building designs and an appropriate portfolio
of policies and programs {6.7, 6.8).

+ The magnitude of the above barriers is higher in the
developing countries and this makes it more difficuit
for them to achieve the GHG reduction potential of the
building sector [6.7].

The ecomomic potential in the indmstrial sector!? is
predominantly located in emergy intensive industries.
Full use of available mitigation options is not being
made in either industrialized or developing nations
{(high agreement, much evidence).

+ Many industrial facilities in developing countries are
new and include the latest technology with the lowest
specific emissions. However, many older, inefficient
facilities remain in both industrialized and developing
countries. Upgrading these facilities can deliver
significant emission reductions [7.1, 7.3, 7.4].

¢ The slow rate of capital stock turnover, lack of financial
and technical resources, and limitations in the ability of
firms, particularly small and medium-sized enterprises,
to access and absorb technological information are
key barriers to full use of available mitigation options
[7.6]-

14. Agricultaral practices collectively can inake a significant

contribution at low cost' to increasing sofl carbon
sinks, to GHG emission reductions, and by contributing
biomass feedstotlcs for energy use (medium agreement,
medium evidence),

= A large proportion of the mitigation potential of
agriculture (excluding bicenergy) arises from soil
carbon sequestration, which has strong synergies
with sustainable agriculture and generally reduces
vulnerability to climate change [8.4, 8.5, 8.8].

+ Stored soil carbon may be vuinerable to loss through
both lend management change and climate change
[8.10]).

« Considerable mitigation potential is also available from
reductions in methane and nitrous oxide emissions in
some agricultural systems [8.4, 8.5].

» There is no universally applicable list of mitigation
practices; practices need to be evaluated for individual
agricultural systems and settings [8.4].

* Biomass from agricultural residues and dedicated
energy crops can be an important bioenergy feedstock,
but its contribution to mitigation depends on demand
for bloenergy from transport and emergy supply, on
water availability, and on requirements of land for food
and fibre production. Widespread use of agricultural
land for biomass production for energy may compete
with other land uses and can have positive and
negative environmesitel impacts and implications for
food security [3.4, 8.8].

15. Forest-related mitizgation aclivitics can considerably

reduce emissions from sources and Increase CO,
removals by sinks at low costs?, and can be designed
to create symergles with adaptation and sustainable
develapment (high agreement, much evidence)?’.

= About 65% of the total mitigation potential (up to 100
US$ACO,-eq) is located in the tropics and about 50%

_of the total could be achieved by reducing emissions
from deforestation [9.4].

s Climate change can affect the mitigation potential of
the forest sector {i.c., native and planted forests) and is
expectad to be different for different regions and sub-
regions, both in magnitude and direction [9.5].

s Forest-related mitigation options can be designed
and implemented to be compatible with adaptation,
and can have substantial co-benefits in terms of
employment, income generation, biodiversity and
watershed conservation, renewable energy supply and
poverty alleviation {9.5, 9.6,9.7).

16. Post-consaumer wasted? js a small contributor to global

GHG emissions?s (<5%), but the waste sector cam

positively contribute to GHG mitigation at low costt?

and premote sustainable development (high agreement,

much evidence).

» Existing waste management practices can provide
effective mitigation of GHG emissions from this sector:
a wide range of mature, environmentally effective
technologies are commercially available to mitigate

emissions and provide co-benefits for improved -

public health and safety, soil protection and pollution
prevention, and local energy supply [10.3, 10.4, 10.5].

s Waste minimization and recycling provide important
indirect mitigation benefits through the conservation of
energy and materials [10.4].

23 Tnvalu noted dificulties with the reference to “low caste™ as Chapter 9, paga 15 of the WG lil report states that: “the o8t of forest mitigation projects rise significantly when

coais of land ave taken intd BECONR".

24 ndustial waste ja covered in the induatry sector,
25 QHGs from waste intlude landfil and wastewater methane, wastewater N;O, and CO, from incinerstion of kssafl carbon.
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s Lack of local capital is a key constraint for waste and
wastewater management in developing countries and
countries with economies in fransition. Lack of expertise
on sustainable technology is also an important barrier
[10.5].

17. Geo-engineering options, such as ocean fertilization to

remove CO, directly from the atmosphere, or blocking
sunlight by bringing material into the upper
atmosphere, remain largely speculative and unproven,
and with the risk of unknown side-effects. Reliabte cost
estimates for these options have wot been publisked
{medivm agreement, limited evidence) [11.2].

D. Mitigation in the long term (after 2030)

18. In order to stabilize the concentration of GHGs in the

atmasphere, emissions wonld need to peak and decline
thereafter. The lower the stabilization level, the more
quickly this peak and decline wounld need to occur
Mitigation efforis over the next two to three decades
will have a large impact on opportumities to achicve
lower stabilization levels (see Table SPM.5, and Figure
SPM. 8)%¢ (high agreemant, much evidence).

m sm.s. cnmmwmt mmwnmmsmb rsz,.aua}d

* Recent studies using multi-gas reduction have explored
lower stabilization levels than reported in TAR [3.3].

o Assessed studies contain a range of emissions profiles
for achieving stabilization of GHG concentrations??,
Most of these studies used a least cost approach and
include both early and delayed emission reductions
(Figure SPM.T) [Box SPM.2]. Table SPM.5 summarizes
the required emissions levels for different groups
of stabilization concentrations and the associated
equilibrium global mean temperature increase?®, using
the ‘best estimate’ of climate sensitivity (see also
Figure SPM.8 for the likely range of uncertainty)??,
Stabilization af lower conceniration and related
equilibrium temperature levels advances the date when
emissions need to peak, and requires greater emissions
reductions by 2050 [3.3].

n} The understandlng of the dlrnate system response to radiaive fomtng as well as feedbacks 13 assessed in detalt in the AR4 WGI Hawt. Feedbaoka between the

carbon cycle and climate change affect the required mitigation for a particutar stabilization level of atmospheric carbon dioxide concantration. These feedbacks are
expected lo increase the fraction of anthropagenic emissiona that remaing in the atmosphere as the cimate systemn warms. Thersfore, tha emiasion reductions ta
meet a paricuiar stabilization levol reported in the mitigation studies assessed here might be underestimated.

b) The bast estimate of climate senaltivity is 3°C WG 1 SPM].

€) Mata that glabal mean tempsarature at equilbrium is ditfarent from expected global mean temperaturs at the tire of stabilization of GHA concentrations due to the
inertia of the climale system, For the majority of scenarics assassed, stabilisation of GHG concendrations Sceurs hetween 2100 and 2150.
d) Ranges commespond 1o the 15% to 85% percentile of the post-TAR scenario distribution. CO, emisslons are shown o multi-gas scenarics can be compared with CO,-

only scenarios.

26 Pursgraph 2 addresses historical GHG emisslons since pre-industial times.

27 Studies vary in tarms of the point in ime stabization s aohlevad; genarally this is around 2100 or later, :
28 The information on glabal mean temperature Is taken from the ARG WGEI repon, chapter 10.8, Thess temperatures aw reached woll after concentrations are stablized.
29 Tha equilibrium climate sensitidly is a meesure of the olimate system response ta sustained radiative forcing. [t ks not a projection but e defined as the ylobal average surface

warming following a doubling of carbon dioxids concentrations JARS WG SPM]. |
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Figure SPM.T: Emissions patways of milgation scenavios for affsmative catogonies of stabiization iovels (Category § ip V1 88 delfined in the box in esch pensl). The patfi-
ways are for 00, emissions only. Light brown shaded areas give the 00, smissions for the post-TAR emissions scenarios. Grean shaded and hatched arcas depict the range of
more than 80 TAR stabilizalion scentiios. Base year emissions may differ between modsls due 1o differences in sector amf industry coverags. To resch the lower siabiffzation
lews's some scenarios depioy remaval of 0O, from the stmosphere (negalive emissions) using sechnoiogles stch as biamass anergy production uiiiizing carbon capiume end
storage. [Figure 3.17]

19. The range of stabilization levels assessed can be

16

achieved by deployment of a portiolio of technologies
that are currently available and those that are expected
to be commercialised in coming decades. This assumes
that appropriate and effective incentives are in place for
development, acquisition, deployment and diffusion of
technologies and for addressing related barriers ¢high
agreement, much evidence).
» The contribution of different technologies to emission
reductions required for stabilization will vary over time,
region and stabilization level.

o Energy efficiency plays a key role across many
scenarios for most regions and timescales.

o For lower stabilization levels, scenarios put more

emphasis on the use of low-carbon energy sources,

_ such as renewable enctgy and nuclear power, and
the use of CO, capture and storage (CCS). In these
sceparios improvements of carbon infensity of
energy supply and the whole economy need to be
much faster than in the past. '

o Inchuding non-CO, and CO, land-use and forestry
mitigation options provides greater fiexibility
and cost-effectiveness for achisving stabilization.
Modern bioenergy could contribute substantially
to the share of renewable energy in the mitigation
portfolio.
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Equiliprium giobal mean temperaturs increase

above pre-industrial [°C)
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Figure 5PM.8: Stablization scenario catagories as reportod in Figune SPY. 7 fooiotined bands) and thelr relationship i equiibrivm gioba! mesn lsmpersivrs change above
pre-indusirial, asing (7) "best astimate” climate sensitivily of 3°C (bleck line In middie of shaded arez), (i) upper bound of italy range of cimate sanskivily of 4.5°C fred fne
at top of shagled area) (k) wer bound of Mkely range of climaie sensitvily af 2°C ive line & bowtom of shaded ares). Coloured shading siows the concentration handa br
stabifzation of greenhause yases in the atmosphere corresponting ko ihe Steblfization scenario categonss | o V1 as indicated n Fgune SPM.7. The data awe drawn Irom ARd

WG, Chapter 10.8,

o For illustrative examples of portfolios of mitigation
options, see figure SPM.9 [3.3, 3.4].

s Investments in and world-wide deployment of low-

GHG emission technologies as well as technology

improvements through public and privaie Research,
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Development & Demonstration (RD&D) would be
required for achieving stabilization targets as well as cost
reduction. The lower the stabilization levels, especially
those of 550 ppm CO,~eq or lower, the greater the need
for more efficient RD&D efforts and investment in new

2000 - 2100
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emissions reductions for 50 ppm
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Figure SPM.9: Cumudative smissions reductions for altsmative miligation measures for 2000 ip 2030 (teft-iang panel} and for 2000-2100 fright-hand panel}, The Sgure
shows dusirative scenarios from four madals (AM, IMAGE, IPAC and MESSAGE) sfming st the sisbfizetion al 499-540 ppm C0y-eq ard levels of 650 gom 00,-eq, respectively.
Dark bars denote redictions for a larget of 650 pom C0y-eq and Fglit bars the sdofonal reduetions 1o achigve 490-540 ppm COy-eq. Note that some modsis do not consider
mitigation through forest siik eniancement (AM and IFAC) or GCS (A and thet the share of low-tartion engrgy oplions in toial enertly supply Is aiso determised by inclusion
of these options in the baselne. CCS Inchides carbon capture and siorage fram biomuss. Fotest 9inks nchige reducing emissions from deforestation, Figwe 3,27
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20.

21

technologies during the next few decades. This requires
that barriers to development, acquisition, deployment
and diffusion of technologies are effectively addressed,
e Appropriate incemtives could address these barriers
and help realize the goals across a wide portfolio of
technologies. [2.7, 3.3, 3.4,3.6, 4.3, 4.4, 4.6].

in 2050% glohal average macro-economic costs for
multi-gas mitigation towards stabilization between 710
and 445 ppm CO -4, are between a 1% gain to a 5.5%
decrease of global GDP (see Table SPM.6). For specific
countries and sectors, costs vary considerably from
the global average. (See Box SPM.3 and SPM.4 for the
methodologies and assumptions and paragraph 5 for
explanation of negative costs) (high agreement, medium
evidence).

Decision-making about the appropriate level of
global mitigation over time involves an iterative risk
management process that includes mitigation and
adaptation, taking into account actmal and avolded
climate change damages, co-benefits, sustaimability,
equity, and attitudes to risk. Choices about the scale
and ¢iming of GHG mitigation involve balancing the
ecomomic costs of mare rapid emission reductions now
againzt the corresponding medinm-term and long-term
climate risks of delay [hich agreement, much evidence].

s Limited and early analytical results from integrated
analyses of the costs and benefits of mitigation indicate
that these are broadly comparable in magnitude, but do
not as yet permit an unambiguous determination of an
emissions pathway or stabilization level where benefits
exceed costs [3.5].

» Iptegrated assessment of the economic costs and
benefits of different mitigation pathways shows that the
economically optimal timing and level of mitigation
depends upon the uncertain shape and character of the
assumed climate change damage cost carve. To illustrate

this dependency:

o if the climatz change damage cost curve grows
slowly and regularly, and there is good foresight
(which increases the potential for timely adaptation),
later and less stringent mitigation is economically
justified; N

o aliematively if the damage cost curve increases
steeply, or contains non-linearities (e.g. vulnerability
thresholds oreven smali probabilities of catastrophic
events), earlier and more stringent mitigation is
economically justified [3.6].

e Climate sensitivity is a key uncertainty for mitigation
scenarios that aim to meet a specific temperaturs level,
Studies show that if climate semsitivity is high then
the timing and level of mitigation is earfier and more
stringent than when it iz low [3.5, 3.6].

¢ Delayed emission reductions lead to investments that
lock In more emission-intensive infrastructure and
development pathways. This significantly constrains
the opportunities to achieve lower stabilization levels
{as shown in Table SPM.5) and increases the risk of
more severe climate change impacts [3.4, 3.1, 3.3, 3.6]

Table SPM.6: Estimaizd global macro-economic costs in 2050 reiative to the haseline for lgast-cost rafecinres towards differsnt long-term stabiiization targets” [3.3, 13.5

Notss:
% This comesponds to the Jull literature across all baselines and mitigation scenerios that provide GDP nunisers,
Y This ls global 3DP based market exchenga rates.
4 The median and the 10™ and $0% percentiie range of the analyzed data are given,
® The calculation of the reduation of the annual growif rete is based on the avarage reduction during the period until 2050 that wauld result in the mdicated GDP

decreasa in 2050, '
9 The number of studies is relatively small and they generally usa low basalines. High emissions baselines generally laad to higher costs.

30 Cost estimates for 2030 ane prasesked in parsgraph 5.
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E.

Policies, measures and instruments

to mitigate climate change

22. A wide variety of national policies and instrumenis

are available to governments to create the incentives

for mitigation action. Thelr applicability depends on

national circumstances and an understanding of their
interactions, but experience from implementation in
varipus countries and sectors shows there are
advantages and disadvantages for any given
instrument (high agreement, much evidence),

s Four main criteria are used to evaluate policies
and instruments: environmental effectiveness, cost
effectiveness, distributional effects, including equity,
and institutional feasibility [13.2].

e All instruments can be designed well or poorly, and
be stringent or lax. In addition, monitoring to improve
implementation is an important issue for all instruments.
General findings about the performance of policies are:
[7.9,12.2,13.2]

o Integrating climave policies in broader development
policies makes implementation and overcoming
barriers easier.

¢ Regulations and standards generally provide some
certainty about emission levels. They may be
preferable to other instruments when information
or other barriers prevent producers and consumers
from respending to price signals. However, they

may not induce innovations and more advanced

technologies.

o Taxes and charges can set a price for carbon, but
cannot guarantec a particular level of cmissions.
Literature identifies taxes as an efficient way of
internalizing costs of GHG emissions.

o Tradable permits will establish a carbon price.
The volume of allowed emissions determines their
environmental effectiveness, while the allocation of
permits has distributional consequences, Fluctuation
in the price of carbon makes it difficult to estimate
the total cost of complying with emission permits.

o Financial incentives (subsidies and tax credlits) are
frequently used by goveruments to stimulate the
development and diffusion of new technologies.

‘While economic costs are generally higher than for -

the instruments listed above, they are often critical
to avercome harriers,

o Volumary agreemems between Industty and

- governments are politically attractive, raiseawareness
among stakeholders, and have played a role in the
evolution of many national policies. The majority of
agreements has not achieved significant emissions
reductions beyond business as usual. However, some
recent agreements, ina few countries, have accelerated
the application of best available technology and led
to measurable emission reductions.

o Jnformation instruments {c.g. awareness campaigns)
may positively affect environmental quality
by promoting informed choices and possibly
contributing to behavioural change, however, their
impact on emissions has not been measured yet. )

0 RD&D canstimulate technological advences, reduce
costs, and enable progress toward
stabilization.

s  Some corporations, local and regional authorities
NGOs and civil groups arc adopting a wide variety of
voluntary actions. These voluntary actions may limit
GHG emissions, stimulate innovative policies, and
encourage the deployment of new technologies. On
their own, they generally have limited impact on the
national or regional level emissions [13.4],

o Lessons leamned from specific sector application of
national policies and instruments are shown in Table
SPM.7.

23. Policies that provide a real or implicit price of carbon

could create incentives for producers and consumers to

significantly invest in low-GHG prodacts, technologies

and processes. Such policies could inclade economic
instruments, government fanding and regniation

(kigh agreemeni, much evidence).

¢ Ancffective carbon-price signal could realize significant
mitigation potential in all seciors [11.3, 13.2].

o Modelling stdies, consistent with stabilization at
around 350 ppm CO,eq by 2100 (see Box SPM.3),
show carbon prices rising to 20 to 80 USSACO,-eq
by 2030 and 30 to 155 US$ACO,-eq by 2050, For the*
same stabilization level, studies since TAR that take
into account induced technological change lower these
price ranges to 5 to 65 US$AC0,-eq in 2030 and 15 to
130 US$ACO,-eq in 2050 [3.3, 11.4, 11.5].

» Most top-down, as well-as some 2050 bottom-up
assessiments, suggest that real or implicit carbon prices
of 20 to 50 US$MCO-eq, sustained or increased over
decades, could lead to a power generation sector with
low-GHG emissions by 2050 and make many mitigation
options in the end-use sectors economically
attractive, [4.4,11.6]

e Barriers to the implementation of mitigation options
are manifold and vary by country and sesctor. They
can be related 1o financial, technological, institutional,
informational and behavioural aspects [4.5, 3.5, 6.7,
7.6, 8.6, 9.6, 10.5].
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Table SPM.7: Sefecled sectoral policies, measurss and instruments that have shown ta be envirenmentafy affective in thie respective sector In at least a mmnber of national

Reduction- of iossil fuel s.lbsidlas
Taxes or carbon charges on fossil l'uels

" | Resistance byvestsdmtsmaymmmdmmltm
mplement

Feed-in tariffs for renewable energy technclogies
Renewable energy obligations

' Producer subsidies

Msy be appmpﬁate to croate malkels for low emissiong

:tod'rlolog{es

Transport (5.5]

Mandatory fuel economy, biofuel blending and CO, standards for
road transport

Partial ¢overage of vehicie flest may timit eHectiveness

Taxes on vehicle purchasg, regbstmtbn uaaandmotorfuels rnad
and parking pricing

Eﬂectlvenés_a may drop with higher incomes

;| influence mobility needs thmugh land use regulaﬂnns, and
- infrﬂstructure planrling -

S Parbculariy appropriate for Souritries that are hudding up
o :thelr Mnspnrtaﬂcn systems ) . :

- i “investment in attractive nubic transport facilities and nor-~ -
<L Lo 7| motorised forms of raneport - N N o S
“Buldings 16.81. | Appllance standards and labeting - | Perdodic revislon of standards needed
ToriteeT | Buikiing codes and certification . | Attractive for new bultdings. Exforcement can be difficutt
Demand-side management programmes .| Need for regulations 5o thet utilities may profit
Public sector leadership programmes, Including procurement - Government purchasing can expand demand forenagy ‘
' . L efficient products -
o Incentives for snergy service comparies (ESCOs) Suocassfactoercesstolhlrdpartyﬂnandng
!nduslry 79 Provision of benchmark informamn May be appropriate to stimulate technology uptake.
R Perf jard . Stability of national policy important in view ol'

- | Subsidies, tax mcils

. lnternaﬂonal competiiivenass

Tradable permms - Pnedidable a!locatlm mechanisme and mble prba
- signals important for investments-
Success factors include: dlear targets, a hasehe

Vol,lnta'y agreementa

- scenario, third party Invelvement in design and review
: { and formal provisions of menitoring, closa aonperaﬂon
;| belwean govemmant and industry’ - :

s

| Financial incentives and rogulatinns for Imprwsd hnd ; .| My é enmurage synergy with suslalndhle ﬁhvelopmrt
'{B.G, 8,7. 8.8] | management, maintaining soﬂ ca'bon content, emclent useof and with reducing vulnerability to climate change, theeby
fertiiizers and ivigation overcomming barriers to implementation,” -
_Forest'y/ Financlal Incentives (national and hmmaﬂma!) to Inciease forest . ‘Constraints include lack of investment capital and land
'0'555_5{9.-6] aren, to redice deforestition, andtomamtamandmmgem tenure issues. Can help poverty alleviation -

Land use regulation and enforcement - -

Financlal Incentives for Improved waste.and wnstewmor
management

May stimulate technblogy dlll'uslon :

- Lnaalauaihbimyoﬂnw-eostmel

Renewabla enargy incentives or obllgsrtims
Waste management regulations '

Mnstcﬂedlvely app!iadﬂ national lmlwrthmfarcement
stratagies .

a) Public RD & D investment in low erissions fechaoiagles have proven to be effective in all sectors

24, Government support through financial comtributions,

the benefits captured by the private sector, justifying

tax credits, standard setting and market creation

is important for effective techmology development, .
innovation and deployment. Transfer of technology to
developing countries depends on enabling conditions

and financing (high agreement, much evidence).

» Public benefits of RD&D investments are bigger than

government support of RD&D.

Government funding in real absolute terms for most
energy research programmes has been flat or declining
for nearly two decades (even after the UNFCCC came
into force) and is now about halfof the 1980 level [2.7,
34,4.5,11.5,13.2].
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s Governments have a crucia) supportive rofe in providing
appropriate cnabling environment, such as, institutional,
policy, legal and regulatory frameworks®!, to sustain
investment flows and for effective technology transfer
—~without which it may be difficult to achieve emission
reductions at a significant scale, Mobilizing financing
of incremental costs of low-carbon technologies is
important, International technology agreements could
strengthen the knowledge infrastructure [13.3].

» The potential beneficial effect of technology transfer
to developing countrics brought about by Annex 1
countries action may be substaptial, but no reliable
estimates are available [11.7].

s Financial flows to developing countries through Clean
Development Mechanism (CDM} projects have the
potential to reach levels of the order of several billions
US$ per year’, which is higher than the flows through
the Global Environment Facility (GEF), comparable to
the energy oriented development assistance flows, but
at Jeast an order of magnitude lower than tatal foreign
direct investment flows. The financial flows through
CDM, GEF and development assistance for technology
transfer have so far been limited and geopraphically
unequally distributed [12.3, 13.3].

25. Notable achievements of the UNFCCC and its Kyoto

Protgeol are the establishment of a global response to
the climate problem, stimulation of an array of
national policies, the creation of am imternational carbon
market and the establishment of new institutional
mechanisms that may provide the foundation for future
mitigation efforts (high agreement, much evidence).

» The impast of the Protocol’s first commitment period
relative to global emiasions is projected to be limited. Tes
economic impacts on participating Annex-B countries
are projected to be smaller than presenied in TAR, that
showed 0.2-2% lower GDP in 2012 without emisslons
trading, and 0.1-1.1% lower GDP with emissions
trading among Annex-B countries [1.4, 11.4, 13.3).

. The literature identifies many options for achieving

reductions of global GHG emissions at the intermational

level through cooperation. It also suggests that successful

agreements are environmentally effective, cost-effective,
incorporate distributional

considerations and equity, and are institutionally

feasible (high agreement, much evidence).

s Greater cooperative efforts to reduce emissions will
help to reduce global costs for achieving a given level of
mitigation, or will improve environmental effectiveness
[13.3].

¢ Improving, and expanding the scope of, market
mechanisms (such as emission trading, Joint

Implementation and CDM) could reduce overall
mitigation costs 13.3].

* » Efforts to address climate change can include diverse

eleménts such as emissions targets; sectoral, local, sub-
national and regional actions; RD&D programmes;
adopting common policies; implethenting development
oriented actions; or expanding financing instruments,
These elements can be implemented in an integrated
fashion, but comparing the efforts made by different
countries quantitatively would be complex and resource
intensive [13.3]. -

* Actions that could be taken by participating countries
can be differentiated both in terms of when such action
is undertaken, who participates and what the action
wil] be. Actions can be binding or non-binding, include
fixed or dynamic targets, and participation can be static
or vary over time [13.3].

Sustainable development and climate

change mitigation

27. Making development more sustainable by changing

development paths can make a major contribution to
climate change mitigation, but implementation may
require resources to overcome multiple barriers. There
is a growing understanding of the possibilities to choose
and implement mitigation options in several sectors
to realize symergies awd avoid conflicts with other
dimensions of sustainable development (hich agreemen:,
much avidence). )

v Imespective of the scale of mitigation measures,
adaptation measures are necessary [1.2}.

» Addressing climate change can be considered an
integral element of sustainable development policies.
National circumstances and the strengths of institutions
determine how development policies impact GHG
emissions, Changes in development paths emerge from
the interactions of public and private decision processes
involving government, business and civil society, many
of which are not traditionally considered as climate
policy. This process -is most effective when actors
participate equitably and decentralized decision making
processes are coordinated [2.2, 3.3, 12.2].

» Climate change and other sustainable development
policies are often but not always synergistic. There is
growing evidence that decisions about mactoeconomic
policy, agricultural policy, multilateral development
bank lending, insurance practices, eleciricity market
reform, energy security and forest conservation, for
example, which are ofien treated as being apart from

genarate more than 1.3 bikon emission reduction credits bafore 2012,

31 See the IPCC Spaclal Repert on Methodological and Tesinological lssues in Technology Wansfar.
USHACO2-en

32 Depends strongly on the market price that has fuciusted between 4 and 28 and hasad on appraximatsty 1000 CDM proposed plus regiztered projects Skely to
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climate policy, can significantly reduce emissions. On G. Gaps in knowledge .
the other hand, decisions about improving rural access

to modemn energy sources for example may not have

much influence on global GHG emissions [12.2]. 28. There are still relevant gaps in carrently available

* Climate change policies related to energy efficiency knowledge regarding some aspects of mitigation of
and renewable cnergy are often economically climate change, especially developing countries.
benecficial, improve energy security and reduce local Additional research addressing those gaps would farther
pollutant emissions. Other energy supply mitigation redmce uncertainties and thus faciliiate decision-making
options can be designed to also achieve sustainable related to mitigation of climate change [TS.14].

development benefits such as avoided displacement
of local populations, job creation, and health benefits
[4.5,123].

e Reducing both loss of natural habitat and deforestation
can have significant biodiversity, soil and water
conservation bhenefits, and can be implemented in
a socially and economically susiainable manner.
Forestation and bioenergy plantations can lead to
restoration of degraded land, manage water runoff,
retain soil carbon and benefit rural economies, but
¢ould compete with land for food production and may
be negative for biodiversity, if not properly designed
[9.7, 12.3].

o There are also good possibilities for reinforcing
systainable development through mitigation actions in
the waste management, transportation and buildings
sectors [5.4, 6.6, 10.5, 12.3]. .

+ Making development more sustainable can enhance both
mitigative and adaptive cepacity, andl reduce emissions
and vulnerability to climate change. Synergies between
mitigation and adaptation can exist, for example
properly designed biomass production, formation
of protected areas, land management, energy use in
buildings and forestry. In ather situations, there may
be trade~offs, such as increased GHG emissions due
to increased consumption of energy related to adaptive
responses [2.5,13.5,4.5,6.9,7.8,85,95,11.9,12.1).
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