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5.1. Introduction

Emissions scenarios that describe future econoroiwty and energy use have been
important tools for understanding the long-term licggions for climate change. Such
scenarios have been part of U.S. and internatessdssments of climate change that
date back at least to the early 1980s. The prdcasss its roots back through numerous
other efforts, among others, efforts undertakethleyNational Academy of Science, the
IPCC, the CCTP, and non-governmental forums su¢heaknergy Modeling Forum.

Scenarios based on formal, computer-based models,as those used in this exercise,
can help to illustrate how key drivers such as eaain and population growth or policy
options lead to particular levels of greenhouse(G&$G) emissions. A main benefit of
using models such as these to simulate future gosna that they ensure basic
accounting identities and consistent applicatiobadfavioral assumptions. However,
model simulation is only one approach to scenagvetbpment, and models designed for
one set of purposes are not the most appropriate fior other purposes. The scenarios
developed here should thus be viewed as complenyeotather ways of thinking about
the future: e.g., formal uncertainty analyses, akstory lines, baselines for further
simulation, and analyses using other types of nsodéhe scenarios developed here must
also be seen as building on and contributing td @ad ongoing scenario development
work occurring elsewhere in the world and by otimexdeling groups.

The possible users of emissions scenarios are arahgiverse and include climate
modelers and the science community, those invalvegtional public policy

formulation, managers of Federal research progratate and local government officials
who face decisions that might be affected by clen@itange and mitigation measures,
and individual firms, farms, and members of theljgubSuch a diverse set of possible
users implies an equally diverse set of possibéelsdrom scenarios. No single scenario
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exercise can hope to satisfy all needs. Scenaalysis is most effective when scenario-
developers can work directly with users, and ihg@enarios lead to further “what if”’
guestions that can be answered with additional lsitions or by probing more deeply
into particular issues.

However, the Prospectus does not prescribe suciteractive approach with a focused
set of users. Instead, it focuses on creating afseenarios providing broad insights
into the energy, economic, and emissions implicatiof stabilization of GHGs. For the
issue of stabilization, these scenarios are amlimtfering to potential user communities
that, if successful, will generate further quessiamd more detailed analysis. The
outcome might be further scenario development fnomdels like those used here but as
likely will involve other modeling and analysis tegques.

This exercise focuses on a reference case andtalitization levels to provide
decision-makers the technical and economic impbaoatof different levels of future
GHG stabilization. What is described, then, ia@ge of possible long-term targets for
global climate policy. The stabilization levelgjuere a range of policy efforts and
urgencies, from relatively little deviation fromfeeence scenarios in this century to
major deviations from reference scenarios stamegrg soon. Although the Prospectus
did not mandate a formal treatment of likelihooduocertainty, formal uncertainty
analysis could be a useful follow-on or complempgnéxercise. Here, however, the
range of outcomes from the different modeling te&eips to illustrate, if incompletely,
the range of possibilities.

For this exercise, a “scenario” is an illustratafrfuture developments based on a model
of the economy and the Earth system, applying asjite set of model parameters and
providing a basis for future work. None of theareihce scenarios is the correct
“prediction” of the future; none could be said vk the highest probability of being
right. Nor is any single stabilization scenarie thost correct “prediction” of the
changes to energy and other systems that woulddchgred for stabilization. Indeed,
each scenario in this report is a “thought expenithiat helps illuminate the
implications of different long-term policy goal3he reference scenarios assume no
alteration in the policy path to 2100, no matteawmappens to the climate along the
way; the stabilization scenarios assume full glgzaticipation in addressing climate
change beginning by 2012.

52.  Summary of Scenario Results

The results of the scenario construction are pteden text and figures in Chapters 3
and 4, and here a summary is provided of someeaf kiey characteristics, some of the
magnitudes involved, and the assumptions thatdiera them.

5.2.1. Reference Scenarios

The difficulty in achieving any specified level afmospheric stabilization depends
heavily on the emissions that would occur otherwiige, the “no-climate-policy”
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reference strongly influences the stabilizatioresadf a no-policy world has cheap fossil
fuels and high economic growth, then dramatic ckarig the energy sector and other
parts of the economy may be required to stabiheeatmosphere. On the other hand, if
the reference case shows lower growth and emissamasperhaps increased exploitation
of non-fossil sources even in the absence of cirpaticy, then the effort will not be as
great.

Energy production, transformation, and consumpdgiencentral features in all of these
scenarios, although non-G@ases and changes in land use also make a sagific
contribution to net emissions. Demand for enenggr dhe coming century will be driven
by economic growth but will also be strongly infheed by the way that energy systems
respond to depletion of resources, changes ingraoed technology advance. The
projected demand for energy in developed countessins strong in all scenarios but is
even stronger in developing countries, where nm#liof people seek greater access to
commercial energy. These developments determaerthissions of GHGs, their
disposition, and the resulting change in radiatoreing under reference conditions.

The three reference scenarios show the implicatbtisis increasing demand and the
improved access to energy, with the ranges refig¢he variation in results from the
different models:

» Global primary energy production rises substangiall all three reference
scenarios, from about 400 EJ/y in 2000 to betwe90kand 1550 EJ/y in 2100.
U.S. primary energy production also grows substdlyti about 1%2 to 2% times
present levels by 2100. This growth occurs despitéinued improvements in
the efficiency of energy use and production. Ba@meple, the U.S. energy
intensity declines 50 to 70% between 2000 and 2100.

» All three reference scenarios include a gradualugtebn in the dependence on
conventional oil resources. However, in all threéerence scenarios, a range of
alternative fossil-based resources, such as syiethetls from coal and
unconventional oil resources (e.g., tar sandssbdles) are available and
become economically viable. Fossil fuels providiedost 90% of global energy
supply in the year 2000, and they remain the dontieaergy source in the three
reference scenarios throughout the twenty-firstwsn supplying between 60 and
80% of total primary energy in 2100.

* Non-fossil fuel energy use grows over the centuallithree reference scenarios.
The range of contributions in 2100 is from 250 &&00 EJ—between roughly
half to a level equivalent to total global energgpnsumption today. Even with
this growth, however, these sources never supftastl fuels although they
provide an increasing share of the total, partialyan the second half of the
century.

» Consistent with the characteristics of primary eqerglobal and U.S. electricity
production shows continued reliance on coal altHotlys contribution varies
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among the reference scenarios. The contributioreioéwables and nuclear
energy varies considerably in the different refeenases, depending on
resource availability, technology, and non-climptdicy considerations. For
example, global nuclear generation range from arease over current levels of
around 50%, if political considerations constrata growth, to an expansion by
more than an order of magnitude, assuming econdiyidaven growth.

Oil and natural gas prices are projected to riseatgh the century relative to
year 2000 levels, whereas coal and electricity ggicemain relatively stable.
The models used in the exercise were not designeabject short-term fuel price
spikes, such as those that occurred in the 1978sarly 1980s, and more
recently in 2005. Thus, the projected price treskisuld be interpreted as long-
term average price trends.

As a combined result of all these influences, eanssof CQ from fossil fuel
combustion and industrial processes increase frppreximately 7 GtCly in
2000 to between 22 and 24 GtCly in 2100; thatngwdere from three to three
and one-half times current levels.

The non-CQ greenhouse gases—gHN,O Sk, PFCs, and HFCs—are emitted from
various sources including agriculture, waste mameage, biomass burning, fossil fuel
production and consumption, and a number of indlsctivities:

Projected future global anthropogenic emission€bif, and NO vary widely
among the reference scenarios, ranging from fladeclining emissions to an
increase of 2 to 2% times present levels. Thd&reinces reflect alternative
views of technological opportunities and differassumptions about whether
current emissions rates will be reduced signifibafdar other reasons, such as air
pollution control and/or higher natural gas pricésat would further stimulate the
capture of CH emissions for its fuel value.

Projected increases in emissions from the globalggnsystem and other human
activities lead to higher atmospheric concentratiand radiative forcing. This increase
is moderated by natural biogeochemical removalgeses:

The ocean is a major sink for G@at generally increases as concentrations rise
early in the century. However, processes in theaaaan slow this rate of
increase at high concentrations late in the centufe scenarios have ocean
uptake in the range of 2-3 GtC/y in 2000, risingbmut 5-8 GtC/y by 2100.

Two of the three models include a sub-model oéxobange of COwith the
terrestrial biosphere, including the net uptakepbgnts and soils and the
emissions from deforestation, which is modeled swall annual net sink (less
than 1 Gt of carbon) in 2000, increasing to an aammet sink of 2 to 3 GtCly by
the end of the century. The third model assunes@net exchange. In part,
modeled changes reflect human activity (includirdgeline in deforestation),
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and, in part, it is the result of increased uptdkevegetation largely due to the
positive effect of CQOon plant growth. The range of estimates is ariceitbn of
the substantial uncertainty about this carbon fezdition effect and land-use
change and their evolution under a changing climate

* GHG concentrations are projected to rise substdiytiaver the century under
reference scenarios. By 2100, £€oncentrations range from about 700 to 900
ppmv, up from 370 ppmv in 2000. Projected,€éhcentrations range from
2000 to 4000 ppbv, up from 1750 ppb in 2000; pte@d\bO concentrations
range from about 375 to 500 ppbv, up from 317 [ppiRO00.

« The resultant increase in radiative forcing randesn 6.5 to 8.5 W/Arelative to
preindustrial levels (zero by definition) and comemato approximately 2 Wfnmn
the year 2000, with non-G@5HGs accounting for about 20 to 30% of this at the
end of the century.

5.2.2. Stabilization Scenarios

Important assumptions underlying the stabilizatiases involve the flexibility that exists
in a policy design, and as represented in the msidellation, to seek out least cost
abatement options regardless of where they ocdwat substances are abated, or when
they occur. It is a set of conditions referred$dahere”, “what”, and “when” flexibility.
Equal marginal costs of abatement among regiomgsadtime (taking into account
discount rates and the lifetimes of substancesl)aamong substances (taking into
account their relative warming potential and difetrlifetimes) will under special
circumstances lead to least cost abatement. Eadelrapplied an economic instrument
that priced GHGs in a manner consistent with timarpretation of “where,” “what” and
“when” flexibility. The economic results thus agselia policy designed with the intent
of achieving the required reductions in GHG emissim a “least-cost” way. Key
implications of these assumptions are that: (lnaions proceed together in restricting
GHG emissions from 2012 and continue together tiitout the century, and that the
same marginal cost is applied across sectorshéniarginal cost of abatement rises over
time reflecting different interpretations and apgariees among the modeling teams of
“when” flexibility, and (3) the radiative forcingitgets were achieved by combining
control of all greenhouse gases — with differenaggjn, in how modeling teams
compared them and assessed the implications oft™eaibility.

Although these assumptions are convenient for &éinalypurposes, to gain an impression
of the implications of stabilization, they are iiead versions of possible outcomes. For
these results to be a realistic estimate of costddwequire, among other things, the
assumption that a negotiated international agreemelude these features. Failure in
that regard would have a substantial effect ordtfieulty of achieving any of the

targets studied. For example, a delay of manysyeathe participation of some large
countries would require a much greater effort lydthers, and policies that impose
differential burdens on different sectors can rieisua many-fold increase in the cost of
any environmental gain. Therefore, it is importenview these result as scenarios under
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specified conditions, not as forecasts of the riksly outcome within the national and
international political system. Further, none @& Htenarios considered the extent to
which variation from these “least cost” rules, ntigk improved on given interactions
with existing taxes, technology spillovers, or athen-market externalities.

If the developments projected in these refereneaatos were to occur, concerted
efforts to reduce GHG emissions would be requiceshéet the stabilization targets
analyzed here. Such limits would shape technottEptoyment throughout the century
and have important economic consequences. Théiz#bn scenarios demonstrate that
there is no single technology pathway consistettt wigiven level of radiative forcing;
furthermore, there are other possible pathways éihamodeled in this exercise.
Nevertheless, some general conclusions are possible

» Stabilization efforts are made more challengingh®yfact that in two of the
modeling teams’ formulations, both terrestrial aszkan CQ uptake decline as
the stringency of emissions mitigation increases.

» Stabilization of radiative forcing at the levelsaexined in this study will require a
substantially different energy system globally, anthe U.S., than what emerges
in the reference scenarios in the absence of cérohtinge considerations. The
degree and timing of change in the global energyesy depends on the level at
which radiative forcing is stabilized.

» Across the stabilization scenarios, the energyesyselies more heavily on non-
fossil energy sources, such as nuclear, solar, winemass, and other renewable
energy forms. Importantly, end-use energy consiomp lower. Carbon
dioxide capture and storage is widely deployed beeaach model assumes that
the technology can be successfully developed atattimcerns about storing
large amounts of carbon do not impede its deplogymBemoval of this
assumption would make the stabilization levels nmale difficult to achieve
and, if not restrained for reasons of safety andlifgration concerns, a much
greater demand for nuclear power.

» Significant fossil fuel use continues across théisration scenarios, both
because stabilization allows for some level of carbmissions in 2100
depending on the stabilization level and becausbepresence in all the
stabilization scenarios of carbon dioxide capturelatorage technology.

* Emissions of non-COGHGSs, such as CHN,O, HFCs, PFCs, and SFare all
substantially reduced in the stabilization scenario

* Increased use is made of biomass energy crops vdoogebution is ultimately
limited by competition with agriculture and forgstrOne model examined the
importance of valuing terrestrial carbon similatly the way fossil fuel carbon is
valued in stabilization scenarios. It found thatstabilization scenarios
important interactions between large-scale deplayinoé commercial bioenergy
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crops and land use occurred to the detriment ofamaged ecosystems when no
economic value was placed terrestrial carbon.

* The lower the radiative forcing limit, the largdret scale of change in the global
energy system, relative to the reference sceneetuired over the coming
century and the sooner those changes would neeccta.

» Across the stabilization scenarios, the scale efdmissions reductions required
relative to the reference scenario increases oweet The bulk of emissions
reductions take place in the second half of thewrgrin all the stabilization
scenarios. But near-term emissions reductions wedun all models in all
stabilization scenarios.

* The 2100 time horizon of the study limited exanomabf the ultimate
requirements of stabilization. However, it is tase that atmospheric
stabilization at any of the levels studied requinesnan emissions of G the
very long run to be essentially halted altogethecduse, as the ocean and
terrestrial biosphere approach equilibrium with ttazget concentration level,
their rate of uptake falls toward zero. Only captand storage of C{could
allow continued burning of fossil fuels. Highedrative forcing limits can delay
this requirement beyond the year 2100 horizon fimther reductions after 2100
would be required in any of the cases studied here.

Fuel sources and electricity generation technotogiange substantially, both globally
and in the U.S., under stabilization scenarios amegbto the reference scenarios. There
are a variety of technological options in the eleity sector that reduce carbon
emissions in these scenarios:

* Nuclear, renewable energy forms, and carbon diogajgture and storage all
play important roles in stabilization scenarioshéelcontribution of each can
vary, depending on assumptions about technologicatovements, the ability to
overcome obstacles such as intermittency, anddheypenvironment
surrounding them, for example, the acceptabilitpatlear power.

» By the end of the century, electricity produceatwyventional fossil technology,
where CQ from the combustion process is emitted freelyedgiced from the
reference scenarios in the stabilization scenaridbe level of production from
these sources varies substantially with the stzddilon level; in the lowest
stabilization level, production from these soursereduced toward zero.

The economic effects of stabilization could be saigal although much of this cost is
borne later in the century if the mitigation pafissumed in these scenarios are followed.
As noted earlier, each of the modeling teams asduha a global policy was
implemented beginning after 2012, with universatipgpation by the world’s nations,

and that the time path of reductions approximattzbst-effective” solution. These
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assumptions of “where” and “when” flexibility lowé#ne economic consequences of
stabilization relative to what they might be witther implementation approaches:

O©CO~NOOUILE WN -

Across the stabilization scenarios, the carbongfmlows a pattern that, in most
cases, gradually rises over time, providing an aopyoaty for the energy system
to change gradually. Two of the models show pr&dsor below per ton of
carbon at the outset for the less stringent casfh, their prices rising to $100
per ton in 2020 for the 450 ppmv case. IGSM shuoglser initial carbon prices

in 2020, ranging from around $20 for 750 ppmv terd$250 for the 450 ppmv
target.

While the general shape of the carbon value traygcts similar across the
models, the specific carbon prices required vatyssantially for reasons that
reflect the underlying uncertainty about the eftbidt would be required.
Differences among the reference cases has the effaict to mid-century while
differences among models in assumptions aboutasteand performance of
future technologies have the greatest effect isegbent decades. Other
differences modeling approach also contribute wittier-model variation.

Non-CQ gases play an important role in shaping the degrfeghange in the
energy system. Scenarios that assume relativétigripeerformance of non-GO
emissions mitigating technologies require lessgint changes in the energy
system to meet the same radiative forcing goal.

These differences in carbon prices and other mimderes lead to a wide range
of the cost of the various stabilization targekor example, for the 450-ppmv
scenario estimates of the reduction in Gross WBrloduct (aggregating country
figures using market exchange rates) in mid-cenfion around 1% in two of
the models to approximately 5% in the third, an@100 from less than 2% in
two of the models to over 16% in the third. Thiecence among models is a
product of the variation in model structure andereince case assumptions noted
earlier. At mid-century the difference in projetiost is mainly attributable to
variation in the reference scenario, whereas lat¢hie century the model
estimates depart primarily because of differenoessisumptions about
technology change. As noted earlier, the overadk tevels are strongly
influenced by the burden-sharing conditions that@dels imposed, the
assumption of “where” flexibility, and an efficiepattern of increasing
stringency over time. Any variation in assumptigegarding these conditions
would lead to higher cost. Also, the use of exchaages based on purchasing
power parity could lead to different global resulfEhus, these scenarios should
not be interpreted as applying beyond the particalanditions assumed.

Such carbon constraints would also affect fuelgsic Generally, the producer
price for fossil fuels falls as demand for therdepressed by the stabilization
measures. Users of fossil fuels pay for the flued p carbon price if the CO
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emissions were freely released to the atmospheregrssumer costs of energy
rise with more stringent stabilization targets.

Achieving stabilization of atmospheric GHGs poseasilastantial technological and
policy challenge for the world. It would requiraportant transformations of the global
energy system. Assessments of the cost and fiigsithisuch a goal depends
importantly on judgments about how technology ublve to overcome existing limits
and barriers to adoption and on the efficiency effectiveness of the policy instruments
for achieving stabilization. These scenarios mea means to gain insights into the
challenge of stabilization and the implicationgexfhnology.

5.3. Application of the ScenariosIn Further Analysis

These scenarios, supported by the accompanyinbat&acan be used as the basis of
further analysis of these stabilization cases hedinderlying reference scenario. There
are a variety of possible applications. For examible scenarios could be used as the
basis for analysis of the climate implications.clsstudies might begin with the radiative
forcing levels of each, with the individual gas centrations (applying separate radiation
codes) or with the emissions (applying separateeatsanf the carbon cycle and of the
atmospheric chemistry of the non-€GHGs). Such applications could be made directly
in climate models that do not incorporate a thrimeetisional atmosphere and detailed
biosphere model. For the larger models, some appation would need to be imposed
to allocate the short-lived gases by latitude at gell. Such an effort would need to be
made to approximate the emissions (or concentrgtiointhe reflecting and absorbing
aerosols. This could be done by the use of subefadithked to the energy use by fuel
calculated in each of the models applied here.

The scenarios could also be used as a jumpingoait for partial equilibrium analysis of
technology penetration. Because these models dentipe: prices of fossil fuels under
the various scenarios, the results can be useahfysis of the target cost performance
of new technologies and to serve as a basis fdysiaaf rates of market penetration.
Differences in results between the three models givimpression of the types of market
challenges that new options will face.

In addition, these studies could form the foundatbanalysis of the non-climate
environmental implications of implementing potehtiaw energy sources at a large
scale. Such analysis was beyond the scope ofréisemqt study, but information is
provided that could form a basis for such analysig.,, the potential effects on the U.S.
and the globe of implied volumes of CCS and bionmeeduction, or of nuclear
expansion that results in some of the scenarios.

Of course, the scenarios can also be used in catymmode. That is, just as many
lessons were learned by comparing the differeneesden the three modeling teams’
scenarios, still more could be learned by extentliegcomparison to scenarios that pre-
date these or come after, including scenarios deeedl using entirely different

! This data archive will be made available upon cetign of the final draft of this report.
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approaches. Some scenario exercises do not apglgaamomic model with detailed
analysis of energy markets of the type used hRaher, they build up estimates from
engineering descriptions of particular technologied assumptions about low- or no-cost
emissions reductions that result from market faguof one kind or another. These
scenarios provide descriptions of energy-markeaten and, in particular, of energy
prices that can be used as a structure for asgemsthcalibrating scenarios developed by
other means.

Finally, we could imagine the scenarios being useghalyze of the welfare effects of

the different stabilization targets. Such work Wwagond the scope of the analysis
specified in the Prospectus. However, the residtsontain information that can be used
to calculate indicators of consumer impact in th8.Ue.g., by using the changes in prices
and quantities of fuels in moving from one stalilian level to another.

54. Moving Forward

As noted earlier, this work is neither the first tioe last of its kind. Throughout the
report, a number of limitations to the approach #redparticipating models have been
highlighted. All would benefit from further reserand model development and this
section suggests some of the more productive patbsrsue.

54.1. Technology Sensitivity Analysis

The importance of future technology developmertasr in this report, and sensitivity
testing of key assumptions. For example, whahithe model that constrained nuclear
because of policy considerations, nuclear werevaltbto penetrate solely on economic
grounds? What were the various cost assumptioterlymg different technologies,
and, implicitly, if nuclear, wind, natural gas coiméd cycle generation, biomass were
somewhat more or less expensive, how would thataffenetration or policy cost? If
costs of these technologies were different, wolied &ffect the conclusion that fossil
fuels remained very dominant in the reference®rést was also expressed in creating
conditions wherein the behavior of the three modeldd be compared under more
controlled circumstances. What if they each maegesame assumptions about
population and GDP growth—would the results be &emyjilar or very different?

54.2. Consideration of L ess Optimistic Policy Regimes

The discussion above emphasizes that the estirh#te difficulty of the stabilization
task is crucially dependent on underlying instdogll assumptions and the insight to be
gained from a single representation of control@glsuch as the one adopted here, is
limited. This question, seemingly an obvious amariswer, depends critically on how
the economic burden of emissions reduction is shaneong countries. If the U.S. and
other developed countries take disproportionatessions cuts then, even with a cost-
effective instrument like emissions trading, thetaowill be very high in the U.S. because
we will purchase emissions allowances from elsee/hethe world.
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The results also depend importantly on internatitnagle and changes in the terms of
trade, and so some allocations of allowances @htlethe U.S. benefiting from the
policy. Not so surprisingly, a carbon policy wosldppress energy use around the world
and that means that the world price of oil would fahe result is that carbon policy can
be an instrument by which the world appetite fdiheld back and, as a result, the U.S.
would gain substantially by being able to impoftatimuch less cost than it otherwise
would. In some cases, this gain can be greaterttteadirect cost of the emissions
reductions in the U.S. Of course, this result delgeon other countries actually reducing
emissions, which is an assumption that calls ini@stjon the simple case we have
constructed in which all countries join and actetibgr in 2015.

Equally important, the highly stylized policy—withbroad cap and trade system with
international flexibility, and approximated or ajgol with “when” flexibility—represents
no policy that has actually been proposed by agigliEture that has seriously taken up
the issue of GHG mitigation. Some sectors areiiably exempted, others enter through
a cumbersome crediting system, and still othercpes| such as renewable portfolio
standards for electricity or higher fuel efficierstandards for automobiles, are inevitably
part of the policy mix. Some of this mix of polioy exemptions may make sense,
correcting other problems in the economy or reiitgcthe fact that measuring and
monitoring very small sources of emissions may ime@reat cost per unit of reduction
likely in those sectors. Thus, realistic estimatesosts for the U.S. need to address these
realistic aspects of the formulation of real pasg;iand would require multiple scenarios
to illustrate clearly why one approach looked irengive and another expensive. The
simple policy architecture assumed here, with ddSts dependent as they are on the
allocation of burden among regions, leads to cstnates that by themselves are likely
to be misleading rather than helpful.

54.3. Expansion/Improvement of the Land Use Components of the Models

A significant weakness in this analysis is the hiagdof the role of forest and

agricultural sinks and sources. The major reasothfs gap is that the models employed
here were not well-suited to analyze some of theptexities of this aspect of the carbon
cycle. Even more so than for energy, the idealwbad cap and trade system applied to
agriculture and forest sinks seems particularlyeahstic because no legislation
anywhere has proposed such a system. Insteadtiveefor agriculture and forest sinks
have been proposed as a crediting system or thnomagé traditional agriculture and
forestry programs. The efficacy and effectiversssuch policies and the potential
contribution from forestry and agriculture desegveater attention than was possible
here.

5.4.4. Inclusion of other Radiatively-1mportant Substances

There are obviously a number of cautions and litoites to any scenario analysis. In this
case, the focus has been on the relatively loregli8HGs. Tropospheric ozone and
aerosols also have strong climatic effects, butusion of these substances was beyond
the scope of the scenarios specified for this study
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5.4.5. Decision-Making under Uncertainty

Finally, the problem of how to respond to the thiafaclimate change is ultimately a
problem of decision-making under uncertainty tleguires an assessment of the risks
and how a policy might reduce the odds of extrerhaly outcomes. One would like to
compare the expected benefits of a policy aganesekpected cost of achieving that
reduction. By focusing only on emission paths thatild lead to stabilization, we are
able to report the costs of achieving that goahaut an assessment of the benefits.
Moreover, given the direction provided in the Pexgps, the focus was on scenarios and
not an uncertainty analysis. It is not possiblattach probabilities to scenarios
constructed in this way; formal probabilities carlyobe attached to a range which
requires exploration of the effects of many uneéenmaodel parameters. The task is an
important one, but beyond the scope of the studyethout here.
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