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1.1. Introduction

The Strategic Plan for the U.S. Climate Change Scidtraggram(CCSP 2003) calls for
the preparation of 21 synthesis and assessmenigisodNoting that “sound,
comprehensive emissions scenarios are essenti@biigparative analysis of how climate
might change in the future, as well as for analggenitigation and adaptation options,”
the plan includes Product 2.1, Scenarios of Greesd&Gas Emissions and Atmospheric
Concentrations and Review of Integrated ScenarieDpment and Application. This
report presents the results from the scenario dpuatnt component of this product; the
review of scenario methods is the subject of ars@paeport. The guidelines for the
development of these scenarios are set forth iFithed Prospectus for Synthesis and
Assessment Product X‘the Prospectus”; CCSP 2005).

This report discusses the overall design of scesdthis chapter), describes the key
features of the participating models (Chapter B)sents the new scenarios that have
been prepared and reports the main results conEyaiChapters 3 and 4), and reflects
in conclusion on emerging insights from these neenarios, the uses and limitations of
these scenarios, and avenues for further rese@tap(er 5). Scenario details are
available in a separate data arcHive.

As set forth in the Prospectus, the primary purpdsbese scenarios is to serve as one of
many inputs to decision-making for climate chan@ensistent with the Prospectus and
the nature of the climate change issue, these soeveere developed using long-term,
century-scale, models of the global energy-agncadHand-use-economy systems
coupled to models of global atmospheric compositiamd radiation. The intended
audience includes decision-makers and analystsmbbt benefit from enhanced
understanding of the potential implications of #taing greenhouse gas concentrations
at various levels. For example, technology plasisech as those at the Climate Change
Technology Program (CCTP) need to take accourfiepbssible energy systems

! This data archive will be made available upon cetign of the final draft of this report.
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implications of stabilization levels. The Prospector this product highlighted three
areas in particular in which the scenarios migbwjate valuable insights:

1. Emissions Trajectories: What emissions trajectariess time are consistent with
meeting the four stabilization levels, and whattaeekey factors that shape them?

2. Energy Systems: What energy system characteratéceonsistent with each of the
four alternative stabilization levels, and how Heyt differ from one another?

3. Economic Implications: What are the possible ecanaonsequences of meeting the
four alternative stabilization levels?

The scenarios may also serve as a point of depadufurther CCSP and other analyses,
such as exploring the implications for future climmar examining the costs and
feasibility of mitigation and adaptation optiornsinally, this effort will enhance the
capabilities for future scenario analysis that rigg conducted by the CCSP or related
U.S. government offices such as the CCTP.

It should be emphasized that there are issuesnoéid change decision-making that
these scenarios do not address. For examplewéeynot designed for use in exploring
the role of aerosols in climate change. And thek the level of detail that may be
desired for local or regional decision-making, saststate or city planning or the
decision-making of individual firms or members bétpublic.

Three analytical models, all meeting the criteatferth in the Prospectus, were used in
preparing the new scenarios. As also directetlerProspectus, fifteen scenarios are
presented in this document, five from each of tite¢ modeling teams. First, each team
produced a unique reference scenario based orsshiengtion that no climate policy
would be implemented either nationally or globddgyond the current set of policies in
place (e.g., the Kyoto Protocol and the Presidegreenhouse gas emissions intensity
target for the U.S.). These reference scenarios developed independently by the
modeling teams, so they provide three separatensgsif how the future might unfold
across the globe over the*2dentury without additional climate policiés.

Each team then produced four additional stabilirasicenarios, which are departures
from each team’s reference case. The Prospectatfisd that stabilization levels,
common across the teams, be defined in terms dbthElong-term radiative impact of
the suite of greenhouse gases (GHGSs) that inclcald®n dioxide (C¢), nitrous oxide
(N20), methane (CkJ, hydrofluorocarbons (HFCs), perfluorocarbons (Bf@nd sulfur
hexafluoride (SE). This radiative impact is expressed in termeadifative forcing,

which is a measure of the direct heat-trappingiegé six GHG's relative to preindustrial
levels.

2 Although there are many reasons to expect thahtiee reference scenarios would be differens, it i
worth noting that the modeling teams met periodijadiliring the development of the scenarios to nevie
progress and to exchange information. Thus, wiikeadhering to any formal protocol of standardorat
the three reference scenarios are not entirelypiagent.
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Although stabilization is defined in terms of rddia forcing, the Prospectus also
directed that stabilization levels be chosen twig®results easily compared with those
from previous scenario exercises based only op@@centrations. Radiative forcing
levels were constructed so that the resulting €@hcentrations, after accounting for
radiative forcing from the non-GAsHGSs, would be roughly 450 ppmv, 550 ppmv, 650
ppmv, and 750 ppmv. Based on this requirementiainestabilization levels were
chosen as 3.4 WhilLevel 1), 4.7 W/ (Level 2), 5.8 W/ri(Level 3), and 6.7 W/fm
(Level 4). In comparison, radiative forcing rel&tito pre-industrial levels for this suite
of gases stood at roughly 2.2 W/in 2000. Details of these stabilization assunstio
are elaborated in Section 4.

The production of emissions scenarios consistetfi these stabilization goals required
analysis beyond study of the emissions themselgeause of physical, chemical, and
biological feedbacks within the Earth system. @ces focused only on emissions of
GHGs and other substances generated by humantya€simthropogenic sources) can

rely exclusively on energy-agriculture-economic misdhat project human activity and
the emissions that result. However, relating erarsspaths to concentrations of GHGs in
the atmosphere requires models that account for drthropogenic and natural sources
as well as the sinks for these substances.

Models that attempt to capture these complex intenas and feedbacks must, because
of computational limits, use simplified represeiutas of individual components of the
Earth system. These simplified representationsygieally designed to mimic the
behavior of more complex models but cannot repteslénf the elements of these
systems. Thus, while the scenario exercise uridarthere uses models that represent
both the anthropogenic sources (the global enerdystrial-agricultural economy) and
the Earth system processes (ocean, atmosphessttedrsystems), it is not intended to
supplant detailed analysis of these systems usihgdale, state-of-the-art models and
analytic techniques. Rather, these scenarios gecvicommon point of departure for
more complex analyses of individual componenthefEarth’s system as it is affected
by human activity. These might include, for exampletailed studies of sub-components
of the energy sector, regional projections of ctenghange using three-dimensional
general circulation models and further downscaleupniques, and assessment of the
implications for economic activity and natural eggtems of climate change under
various stabilization goals.

The remainder of this chapter is organized inta fmctions. Section 1.2 provides an
overview of scientific aspects of the climate isaséackground for interpretation of
these scenarios. Section 1.3 then presents ttig dasign with a focus on the
characteristics of the stabilization cases to begtigated in Chapter 4. Section 1.4
briefly discusses how scenarios of this type haenlused to examine the climate
change issue and the intended uses and limitseafdiv scenarios, focusing on
interpretation of these scenarios under conditainsacertainty. Section 1.5 provides a
guide to the structure of the remaining chaptetstha associated data archive.
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1.2. Background: Human Activities, Emissions, Concentrations, and Climate
Change

Materials that influence the Earth’s radiation Ipaacome in various forms, and most
have natural as well as anthropogenic sources.e@wengases which remain in the
atmosphere for periods ranging from days to millenmapping heat while they are
there. They are known as GHGs because, whilegasest to incoming short-wave
radiation (the visible spectrum that people comm@arceive as light), they capture and
reflect back to Earth long-wave radiation, thug@asing the temperature of the lower
atmosphere from what it otherwise would be. Thesearally occurring GHGs, plus
clouds and the effect of water vapor (the most irtggat GHG of all), are responsible for
creating a habitable climate on Earth. Withoutrihthe average temperature at the
Earth’s surface would be colder than it is todayduyghly 55°F (31°C).

GHGs are not the only influences on the Earth’'satace balance. Other gases like
oxides of nitrogen (NQ have no direct greenhouse effect, but they amgpoments of

the atmospheric chemistry that determine the iifetof some of the heat-trapping GHGs
and are involved in the reactions that producedaspperic ozone, another GHG.
Aerosols (non-aqueous particles suspended in @y)lmave positive or negative effects,
depending on their relative brightness. Some ptes&vhite surface and reflect the sun’s
energy back to space; others are black and abstabenergy, adding to the solar
warming of the atmosphere. Aerosols also havedinect effect on climate in that they
influence the density and lifetime of clouds, whiedve a strong influence on the
radiation balance and on precipitation. Humans alter the land surface, changing its
reflective properties, and these changes can Hamate consequences with effects most
pronounced at a local scale (e.g., urban heatds)eand regional levels (e.g., large-scale
changes in forest cover). In addition, the climtgelf has positive and negative
feedbacks, such as the decrease in global albatievtuld result from the melting land
and sea ice or the potential release of GHGs ssicheghane from warming soils.

Climate policy concerns are driven by the fact #ratssions from human activities
(mainly combustion of fuels and biomass, industilvities, and agriculture) are
increasing the atmospheric concentrations of teabstances. Climate policy
discussions have focused heavily on,CCH,, N,O, and a set of fluorine-containing
industrial chemicals — SFand two families of substances that do not exasiinally,
hydrogenated halocarbons (including hydrochlorafdearbons [HCFCs] and HFCs)
and PFCs. Some of these substances remain itnloszhere on the order of decades
(CHg4, most HFCs), others for the order of 100 years(@®&O) and some for thousands
of years (PFCs, SF

Other naturally occurring substances whose levale lalso been greatly enhanced by
human activities remain in the atmosphere for dayaonths. With such short lifetimes
they are not well mixed in the atmosphere and sw #ifects have a regional pattern as
well as global consequences. These substancesléakrosols such as black carbon and

% For simplicity, all hydrogenated halocarbons Wi referred to as HFCs in the subsequent text. The
greenhouse gas methyl chloroform is often alsoggdwalong with HFCs and HCFCs.
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other particulate matter; sulfur dioxide, whictlthe main precursor of the reflecting
aerosols; and other gases such as volatile orgam@ounds, nitrogen dioxide, other
oxides of nitrogen, and carbon monoxide. All anportant components of atmospheric
chemistry.

This suite of substances with different radiatiegégmcy and different lifetimes in the
atmosphere presents a challenge in defining whatent by atmospheric “stabilization.”
Specification in terms of quantities of the gasesriselves is problematic because there
is no simple way to add them together in their redtunits such as tons or parts per
million by volume. Thus, a meaningful metric iseded in order to combine the effects
of different GHGs.

One approach is to define stabilization in termsarhe ultimate climate measure, such
as the change in the global average temperatune. d@awback of such measures is that
they interject large uncertainties into the consitien of stabilization because the
ultimate climate system response to added GHGsdertain. Climate models involve
complex and uncertain interactions and feedbackd) as increasing levels of water
vapor, changes in reflective Arctic ice, cloud etéeof aerosols, and changes in ocean
circulation that determine the ocean’s uptake of @l heat.

For the design of these scenarios, the Prospealiesl ¢or an intermediate, less uncertain
measure of climate effect, the direct heat-trapgorgin case of cooling aerosols, light-
reflecting) impact of a change in the concentrabbauch substances. It is constructed
to represent the change in the net balance of dnih kvith the sun (energy wrs. energy
out) where the units are watts per square metemfy\Wf the Earth’s shell. Generally
referred to as radiative “forcing” (see Box 1.1pasitive value means a warming
influence. This measure is widely used to complaeeclimate effects of different
substances, although calculation of the net foroing group of gases, where there may
be chemical interaction among them or saturatiaih@infrared spectrum, requires
specialized models of atmospheric chemistry anchtiad.

--- BOX 1.1: RADIATIVE FORCING ---

Most of the Sun’s energy that reaches the Eambssrbed by the oceans and land
masses and radiated back into the atmosphere fortineof heat or infrared radiation.
Some of this infrared energy is absorbed and rxted back to the Earth by atmospheric
gases, including water vapor, g@nd other substances. As concentrations of gwse
called greenhouse gases (GHGS) increase, the wgeffect is augmented. The
National Research Council (2005) defines direciatace forcing as an effect on the
climate system that directly affects the radiabuelget of the Earth’s climate which may
result from a change in concentration of radiati\adtive gases, a change in solar
radiation reaching the Earth, or changes in surédloedo. The increase is called
radiative “forcing” and is typically measured in tgaper square meter (W#n Increases
in radiative forcing influence global temperatuseihdirect effects and feedback from a
variety of processes, most of which are subjecbttsiderable uncertainty. Together,
they affect, for example, the level of water vagbe most important of the GHGs.

--- END BOX 1.1 ---
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Figure 1.1 shows estimates of how increases in Giifdsaerosols and other changes
have influenced radiative forcing since 1850. Tan GHGs together have had the
biggest effect, and CQOs the largest of these. Increased tropospheno® has also had
a substantial warming effect. The reduction iatsispheric ozone has had a slight
cooling effect. Changes in aerosols have had Wwatiming and cooling effects. Aerosol
effects are highly uncertain because they depertienature of the particles, how the
particles are distributed in the atmosphere, aaat toncentrations, which are not as well
understood as the GHGs. Land-use change andets eh the reflectivity of the Earth’s
surface, jet contrails and changes in high-leviety(s) clouds, and the natural change in
intensity of the sun have also had effects.

Figure 1.1:  Estimated Influences of Atmospheric€aon Radiative Forcing,
1850-present

Another important aspect of the climate effectthese substances, not captured in the
W/m? measure, is the persistence of their influencthemadiative balance—a
characteristic discussed in Box 1.2. The Wineasure of radiative forcing accounts for
only the effect of a concentration in the atmosplatra particular instant. The GHGs
considered here have influences that may last &amcade or two (e.g., the influence of
CH,) to millennia, as noted earlier.

--- BOX 1.2 ATMOSPHERIC LIFETIMES OF GREENHOUSE GASES ---

The atmospheric lifetime concept is more approerat CH,, N,O, HCFCs, PFCs, and
Sk than it is for CQ. These non-C@gases are destroyed via chemical processes after
some time in the atmosphere. In contrast, G@onstantly cycled between pools in the
atmosphere, the surface layer of the ocean, anetation, so it is (for the most part) not
destroyed. Very slow processes lead to some renobearbon from oceans, vegetation,
and atmosphere as calcium carbonate; also, ovgrgeological periods, carbon from
vegetation is stored in fossil fuels, which is anpanent removal process as long as they
are not burned to produce energy.

Although the lifetime concept is not strictly apprate for CQ (see Box 2.2 in Chapter
2), for comparison purposes a £€mission can be thought of as having a lifetime of
about 120 years. (That is about two-thirds ofradbCQ, added to the atmosphere
would no longer be there after 120 years, thoughesfsaction would remain there for
hundreds of years.) This approximation allowswgtocomparison with the other gases:
CH, at 12 years, pO at 114 years, and S&t 3200 years. Hydrogenated halocarbons,
such as HCFCs and HFCs, are a family of gaseswaitying lifetimes from less than a
year to over 200 years; those predominantly innese have lifetimes mostly in the
range of 10 to 50 years. Similarly, the PFCs hareus lifetimes, ranging from 2,600
to 50,000 years.

The lifetimes are not constant, as they dependrwesdegree on other Earth system
processes. The lifetime of Gli$ the most affected by the levels of other palhi$ in the
atmosphere.

--- END BOX 1.2 ---
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An important difference between GHGs and most efdther substances in Figure 1.1 is
their long lifetime. In contrast to GHGs, aeros@miain in the atmosphere only for a
few days to a couple of weeks. Once an aerosadseom source is reduced, the effect on
radiative forcing occurs very quickly. Tropospleeszone lasts for a few months.
Moreover, relatively short-lived substances areweit-mixed in the atmosphere. Levels
are very high near emissions sources and much lowaher parts of the world, so their
climate effect has a different spatial pattern ttieat of long-lived substances. The
regional differences and much shorter lifetimeaai-GHG substances make
comparisons among them more difficult than among3SHThe radiative effects of
these substances also subject to more uncertasmghown in Figure 1.1.

1.3. Study Design

The broad elements of the study design for theseasios are set forth in the Prospectus,
including (1) selection of models, (2) guidanceéhte model teams for development of a
reference scenario, and (3) guidance for the dewedmt of stabilization scenarios.

1.3.1. Model Selection

The Prospectus sets forth the types of analysisehreagpabilities that would be required
to carry out the desired stabilization analyses.stated in the Prospectus, participating
models must

1. Be global in scale

2. Be capable of producing global emissions totalsdba minimum, C¢) N,O, CH,,
HFCs, PFCs, and $Rhat may serve as inputs to global general ateut models
(GCMs), such as the National Center for Atmosphieasearch (NCAR) Community
Climate System Model (CCSM) and the GeophysicaldAynamics Laboratory
(GFDL) climate model

3. Be capable of simulating the radiative forcing frdmese GHGs

4. Represent multiple regions

5. Have technological resolution capable of distinguig among major sources of
primary energy (e.g., renewable energy, nuclearggnéiomass, oil, coal, and
natural gas) as well as between fossil fuel teagiet with and without carbon
capture and storage systems

6. Be economics-based and capable of simulating meanoenic cost implications of
stabilization

7. Look forward to the end of the century or beyond.

In addition, the Prospectus required that the mongeéeams have a track record of
publications in professional, refereed journalgcsocally in the use of their models for
the analysis of long-term GHG emission scenarios.

Selection by these criteria led to the three modsésl in this exercise: (1) The Integrated
Global Systems Model (IGSM) of the Massachusesstlte of Technology’'s Joint
Program on the Science and Policy of Global Cha(®)ehe MiniCAM Model of the

Joint Global Change Research Institute, whichparénership between the Pacific
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Northwest National Laboratory and the UniversityMdryland; and (3) the Model for
Evaluating the Regional and Global Effects [of gite@use gas reduction policies]
(MERGE), developed jointly at Stanford Universitydathe Electric Power Research
Institute.

Each of these models has been used extensivetiitate change analysis. The roots of
each extend back more than a decade, during winmehféatures and details have been
added. Results of each have appeared widely inrpeewed publications. The

features of the models are described in Chaptatt2references to the publications and
reports that provide complete documentation.

These models fall into a class that has come tmbe/n as Integrated Assessment
Models (IAMs). There are many ways to define IAM=I to characterize the
motivations for developing them (IPCC 1996). Hoes\a particularly appropriate
definition of their primary purposes, provided bgrgon and Fisher-Vanden (1997), is
“evaluating potential responses to climate chasgearturing knowledge and
characterizing uncertainty; contributing to broadnparative risk assessments; and
contributing to scientific research.”

1.3.2. Development of Reference Scenarios

As required by the Prospectus, each participatindeting team first produced a
“reference” scenario that assumes no policies fpalty intended to address climate
change beyond the implementation of any existiigies to their end of their
commitment periods. The Kyoto Protocol and theqyotif the United States to reduce
greenhouse gas emissions intensity by 18% by 2@ Bath existing policies. For
purposes of the reference scenario (and for eatitheddtabilization scenarios), it was
assumed that these policies are successfully ingieed through 2012 and their goals
are achieved. (This assumption could only be apprated within the models because
their time—steps did not coincide exactly with gegiod from 2002 to 2012. However,
this was not a serious problem given the focusiefcurrent exercise.) As directed by
the Prospectus, after 2012, all climate policiesamsumed to expire and are assumed not
to be renewed or replaced. It should be emphasiegdhis is not a prediction but a
scenario designed to provide a clearly defined taserve as a basis for illuminating the
implications of alternative stabilization goalss Will be discussed in the following
section, the paths toward stabilization are implaiee to start after 2012. The reference
scenarios and assumptions underlying them aresisdun more detail in Chapter 3.

The reference scenarios serve several purposest, they provide insight into how the
world might evolve without additional efforts tortgirain greenhouse gas emissions,
given various assumptions about principal drivérhe economy, energy use, and
emissions. These assumptions include those cangguopulation increase, land and
labor productivity growth, technological optionsdaresource endowments. These
forces govern the supply and demand for energysiml goods, and agricultural
products—the production and consumption activitied lead to GHG emissions. The
reference scenarios are a form of thought expetimehat they assume that even as
emissions increase and climate changes nothingnis th reduce emissions. The specific
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levels of GHG emissions and concentrations is nedgtermined but results from the
combination of assumptions made.

Second, the reference scenarios serve as poidepafture against which the changes
required for stabilization may be compared, andutiderlying assumptions also have a
large bearing on the characteristics of the staddilbn scenarios. For example, all other
things being equal, the lower the economic growaith the higher the availability and
competitiveness of low-carbon energy technologigbé reference scenario, the lower
will be the GHG emissions and the easier it wiltbeeach stabilization. On the other
hand, if a reference scenario assumes that fasdd &ire abundant, fossil-fuel
technologies will become cheaper over time, and lmvwzero-carbon alternatives remain
expensive, the scenario will show consumers halitittg) reason to conserve, adopting
more efficient energy-equipment, or switching ta#ossil sources. In such a reference
scenario, emissions will grow rapidly, and strongeonomic incentives will be required
to achieve stabilization.

Finally, the Prospectus specified that the modeagns develop their reference
scenarios independently, applying “plausible” anteaningful” assumptions for key
drivers? Similarities and differences among the refereszanarios are useful in
illustrating the uncertainty inherent in long-ruedtment of the climate challenge. At the
same time, with only three participating modelg, thnge of scenario assumptions
produced is unlikely to span the full range of ploiises.

1.3.3. Development of the Stabilization Scenarios

Although the model teams were required to indepethgldevelop their modeling
assumptions, the Prospectus required that a corsetasf four stabilization targets be
used across the participating models. Also, wieeneach of the literature on
atmospheric stabilization focuses on concentratodr30, only, an important objective
of this exercise was to expand the range of coest@gnclude other GHGs. Thus the
Prospectus required that the stabilization levelddfined in terms of the combined
effects of CQ, N,O, CH,, HFCs, PFCs, and §FThis suite of GHGs forms the basis for
the U.S. GHG intensity reduction policy, announbgdhe President on February 14,
2002; it is the same set subject to control undeityoto Protocol. (Thus, the
stabilization levels specified in the Prospectusliekly omit the aerosol effects shown in
Figure 1.1, which may be influenced by the meastaiesn to achieve the stabilization
goal.) Table 1.1 shows the change in concentrdg¢iasis for these gases from 1750 to
the present and the estimated increase in radifieang. These are the data from
Figure 1.1 in tabular form, with one important difénce. Not shown in the table is the
forcing from chlorofluorocarbons (CFCs) that haeeib historically significant. CFCs
are already being phased out under the Montreab&ybbecause of their stratospheric
ozone-depleting properties, and so they are nataed to be a significant source of
additional increased forcing in the future. Intfahe HFCs, which do not contribute to
stratospheric ozone depletion, were developed lastitutes for the CFCs, but are of

* See footnote 2.
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concern because of their radiative properties.|leTal?2 shows the specific radiative
forcing targets chosen.

Table 1.1. Greenhouse Gas Concentrations and fgorcin

Table 1.2. Radiative Forcing Stabilization Levé/ii’) and Approximate
CO, Concentrations (ppmv)

As noted earlier, the Prospectus instructed treastabilization levels be constructed so
that the CQ concentrations resulting from stabilization ofdatadiative forcing, after
accounting for radiative forcing from the non-£€GHGs, would be roughly 450 ppmv,
550 ppmv, 650 ppmyv, and 750 ppmv. This correspocelevas achieved by (1)
calculating the increased radiative forcing from;@Deach of these concentrations, (2)
adding to that amount the radiative forcing frora tton-CQ gases from 1750 to present,
and then (3) adding an initial estimate of the@ases in radiative forcing from the non-
CO, GHGs under each of the stabilization levels. Ez#dhe models represents the
emissions and abatement opportunities of the nopga®es somewhat differently,
however, and takes a different approach to reptasen of the tradeoffs among them, so
it was not possible to for the teams to achievddhget levels exactly. Nevertheless the
results are close enough that these new scenamoseccompared to previous work that
has examined CQargets ranging from 450 to 750 ppmv.

The Prospectus also specified that, beyond thecimghtation of any existing policies
the stabilization scenarios should be based oreusaV participation by the world’s
nations. This guidance was implemented by assumiignate regime with
simultaneous global participation in emissions gaition where the marginal costs of
emission controls are equalized across countridgegions. The implications of this
assumption, known as “ where” flexibility, is tranissions will be reduced where it is
cheapest to do so regardless of their geograploicalion. The potential impact of this
assumption on the costs of emissions abatemenbeviliscussed in Chapter 4.

In addition, the Prospectus required that staltibnabe defined as long-term. Because
of the inertia in the Earth system, largely atttdile to the ocean, perturbations to the
climate and atmosphere have effects for thousahgsans. Economic models would
have little credibility over such time-frames. TRmspectus, therefore, instructed that
the participating modeling teams report scenariormation only up through 2100. Each
group then had to address how to relate the lev2100 to the long-term goal. The
chosen approaches were generally similar, but sathe differences in implementation.
This and other details of the stabilization scamdasign are addressed more completely
in Chapter 4.

1.4. Interpreting Scenarios: Uses, Limits, and Uncertainty

Emissions scenarios have proven to be useful aidaderstanding climate change, and
there is a long history of their use (see Box 13¢enarios are descriptions of future
conditions, often constructed by asking “what iffegtions: i.e, what if events were to
unfold in a particular way? Informal scenario as#& is part of almost all decision-
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making. For example, families making decisionsuditiog purchases, like a car or a
house, might plausibly construct a scenario in titicanges in employment forces them
to move. Scenarios developed for major publicgyotjuestions perform the same
purpose, helping decision-makers and the publimtterstand the consequences of
actions today in the light of plausible future deypenents.

--- BOX 1.3: EMISSIONS SCENARIOSAND CLIMATE CHANGE ---

Emissions scenarios that describe future econoroieth and energy use have been
important tools for understanding the long-termssmuences of climate change. They
were used in assessments by the U.S. National AvadéSciences in 1983 and by the
Department of Energy in 1985 (NAS 1983, USDOE 198%)evious emissions scenarios
have evolved from simple projections doubling&missions in the atmosphere to
scenarios that incorporate assumptions about ptul@conomic growth, energy
supply, and controls on GHG emissions and CFCsgéggt al. 1992, Pepper et al.
1992). They played an important role in the repoftthe Intergovernmental Panel on
Climate Change (IPCC 1991, 1992, 1996). The IFpEcial Report on Emissions
ScenariogNakicenovic et al. 2000) was the most recent mgfiort undertaken by the
IPCC to expand and update earlier scenarios. sktief scenarios was based on story
lines of alternative futures, updated with regarthie variables used in previous
scenarios, and with additional detail on technalabchange and land use.

The Energy Modeling Forum (EMF) has been an impbrianue for intercomparison of
emissions and integrated assessment models. Te B&Rhaged at Stanford University,
includes patrticipants from academic, governmerd,@her modeling groups from
around the world. It has served this role forghergy-modeling community since the
1970s. Individual EMF studies run over a courselmiut two years, with scenarios
designed by the participants to provide insight e behavior of the participating
models. Results are often published in the pegewed literature. A recent study, EMF
21, focused on multi-gas stabilization scenariogy#nt and de la Chesnaye 2005). The
scenario exercise reported here adheres closétgtecenario protocol established in
EMF 21.

--- END BOX 1.3 ---

Models assist in creating scenarios by showing assumptions about key drivers, such
as economic and population growth or policy optjdead to particular levels of GHG
emissions. Model-based scenario analysis is dedigmprovide quantitative estimates
of multiple outcomes and to assure consistency grttteam that is difficult to achieve
without a formal structure. Thus, a main benefis@th model simulation of scenarios is
that they ensure basic accounting identities: thantjty demanded of fuel is equal to the
guantity supplied; imports in one region are bagahloy exports from other regions;
cumulative fuel used does not exceed estimatdseafeisource available; and
expenditures for goods and services do not excesxhrie. The approach complements
other ways of thinking about the future, rangingnfirformal uncertainty analysis to
narratives. Also, such model analyses offer afgtacro-projections that users can
build on, adding more detailed assumptions aboudlies and decisions of interest to
them.
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Possible users of emissions scenarios include ®@imadelers and the science
community; those involved in national public polimymulation; managers of Federal
research programs; individual firms, farms, and iners of the public; as well as state
and local government officials who face decisidret might be affected by climate
change and mitigation measures. A single scemxeocise cannot hope to provide the
details needed by all potential users or address $pecific questions. Thus these
scenarios are an initial set offered to potents&ricommunities. If successful, they will
generate further questions and the demand for detegled analysis, some of which
might be satisfied by further scenario developnfiemh models like those used here but
more often demanding detail that can only be predidgith other modeling and analysis
techniques. As such, this effort is one step inoihgoing and iterative international
process of producing and refining climate-relateehsirios and scenario tools.

Although the required long-term perspective demaw@sarios that stretch into the
distant future, any such scenarios carry with tisemsiderable uncertainty. Inevitably the
future will hold surprises. Scientific advanceslwi& made, new technologies will be
developed, and the direction of the economy willradie, making it necessary to reassess
the issues examined here. The Prospectus calletti@opment of a limited number of
scenarios, without a formal treatment of likelihawrduncertainty, requiring as noted
earlier only that the modeling teams use assumgptiaat they believe to be “plausible”
and “meaningful”. Formal uncertainty analysis hascmto offer and could be a useful
additional follow-on or complementary exercise. ¢Jdrowever, the range of outcomes
from the different modeling teams help to illust;at incompletely, the range of
possibilities.

The scenarios developed here take the best infamavailable now and assess what
that may mean for the future. Any such exercissydver, will necessarily be
incomplete and will not foresee all possible futdexelopments. The best planning
must, of course, prepare to change course later.

15. Report Outline

Chapter 2 of this report provides an overview eftiree models used in development of
the scenarios. Chapter 3 describes the assumjatitang key drivers in each of the
models and reports reference scenario resultspt€hé provides greater detail on the
design of the stabilization scenarios and pregéeis results. Chapter 5 provides
concluding observations, including possible averiaeadditional research.

The chapters seek to show how the models diffey tanthe degree possible, relate where
these differences matter and how they shape tléisesThe models have their own
respective strengths and each offers its own reddemepresentation of the world. The
authors have been at pains to distill general e@mimhs common to the scenarios
generated by the three modeling teams, while razognthat other plausible
representations could well lead to quite diffenesults. The major results are presented
primarily in the figures. Associated with the refpis a database with the quantitative
results available for those who wish to furtherlgz@and use these scenarios. A
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description of the database, directions for usd,i@location can be found in the
appendix’
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Table 1.1. Greenhouse Gas Concentrations and Forcing

Increased
Preindustrial Current Forcing
Concentration | Concentration wW/m?
(1750) (2000) (1750-2000)

CO; 280 ppmv 369 ppmv 1.52
CH, 700 ppbv 1760 ppbv 0.517
N,O 270 ppbv 316 ppbv 0.153
HFCs 0 NA 0.005
PFCs 0 NA 0.014
SFg 0 4 ppt 0.0025

Table 1.2. Radiative Forcing Stabilization L evels (W/m?) and Approximate CO,
Concentrations (ppmv)

1) ) 3 4 (5)
From From Approximate Increase in Increase in

Preindustrial Current CO, Level CO, from CO, from

(1750) (2000) (2100) Preindustrial Current
Level 1 3.4 1.2 450 172 81
Level 2 4.7 2.5 550 272 181
Level 3 5.8 3.5 650 372 281
Level 4 6.7 4.5 750 472 381

Figure 1.1. Estimated | nfluences of Atmospheric Gases on Radiative Forcing, 1850-

present
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