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SAP 2.1a: Scenarios of Greenhouse Gas Emissions and
Atmospheric Concentrations: Response to Public Comants

Wednesday, November 08, 2006

INTRODUCTION & GENERAL RESPONSES

This document provides the public comments andoresgs from the authors to the public
comments received on SAP 2.$8aenarios of Greenhouse Gas Emissions and Atmospheric
Concentrations. Comments are provided in black, and responses tine authors are in red. This
section begins with responses to consistent théna¢emerge from the comments. The next
sections provide responses to specific comments.

The majority of the public comments as well as cants provided by members of the CPDAC
were addressed in the draft of the report thatpeassed to the CPDAC on November 1, 2006
and posted on the website. Since that time, mateofemaining comments have been
addressed. They are also described below andevilicluded in a draft of the report to be
delivered to CPDAC by November 13. Any changes betwthe November 1 and November 13
draft will be noted.

Expansions to the Scope of EffoBeveral comments encouraged the authors to ukderta
substantial additional analyses, most notably seitgianalysis on key assumptions and
comparison to previous scenario exercises. Theoestigree that these additional analyses
would be valuable. However, these additional arsysould constitute a substantial expansion
of the scope of the effort and were not includethenProspectus.

Inclusion of Additional Tables and Figure&3everal comments encouraged the authors to add a
range of additional tables and figures to the repdany additional tables and figures could have
been constructed beyond those included in the t&ased on the data collected for this study.
However, the authors needed to strike a balanaedeetan already large number of tables and
figures and the desire for readability. The audhmalieve that this balance has been reached, so
they have left the set of tables and charts largeghanged. Note that the dataset included as an
appendix to the report will allow the generationdilgers of many of the requested additional
tables and figures.

Explanation of the Radiative Forcing LimitSeveral comments indicated confusion regarding

the manner in which the radiative forcing limitsre&gonstructed. The confusion primarily had

to do with whether the radiative forcing limits cesponded directly to the G@oncentrations of

450, 550, 650, and 750 ppmv (it was not) or whesloene allowance was made in the radiative
forcing limits for contributions from non-GQreenhouse gases (it was). The text in the report
and one explanatory table have been revised [todbeded in the November 13 draft] to better

explain the way radiative forcing limits were caomnsted.
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Effectiveness of the Executive Summabne reviewer argued that the Executive Summary
would benefit from substantial revision. The aughagree, and this part of the report has been
completely rewritten. Most important, the discuasid the scenario results is now written
around substantial number of key figures accomuiloyedescriptive text. Important caveats,
including those about the absence of any consideraf benefits, have been added and made
prominent. These changes should help the ExecBtivemary serve much more effectively as a
stand alone document and should enhance its aoiti&gsly non-experts.

Users and Uses of the Scenaridsiumber of commenters requested a clearer disguise
potential users and uses of these scenarios, pitdtivarying descriptions that appear in
different portions of the report. The relevant laage will be made consistent in the November
13 draft.

SUMMARY OF REVIEWERS

Name Steven K. Rose, Ph.D.
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Phone (202) 267-3496

FAX (202) 267 5594
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Name Chuck Hakkarinen
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Phone 650-593-9112 (home) 650-703-6404 (cell)
Fax 650-631-3922

Email chakkarinen@comcast.net

Area of Expertise  general climate science

COMMENTS OF STEVEN ROSE

General Comment: The report is very nice in that it provides thederawith numerous and
insightful points of comparison across models ideig informative modeling details. However,
given that the report is a model comparison ancenttan just another set of stabilization
modeling results from a single model, and is likeljhave high visibility with the scenarios
potentially being regarded as pseudo-USG scendhesgport has somewhat of an obligation to
provide focused discussions and summaries of {if&etors behind results differences across
models, and (ii) how the scenarios fit into theargcstabilization scenarios literature. Since the
exercise did not attempt to “span the range,” aslékglihoods, perform sensitivity analysis, nor
coordinate on the investigation of specific futuoesuture assumptions, the report should
provide sub-sections dedicated to discussing tgddators behind differences and that help
readers put the results into proper context. Thenteshould also be sure to include points from
these sections in the Executive Summary and Chéapter

Response: (i) The report is structured specificalprovide the information that will illuminate
the differences between the scenarios. The repeedy includes extensive discussion along
with extensive graphical reporting of the undentyoharacteristics of the scenarios. However, in
response to this and other comments, the autheesdtarpened various elements of the report
that describe the basis for differences betweenastes. For example, the authors have
sharpened the discussion of differences in totaleabent costs. (i) With respect to comparisons
to other scenario exercises, see the general res@liove regarding expansions to the scope of
effort.

General Comment: A formal single discussion of key factors behimgh#icant results
differences is needed, in particular in the contéxhe IGSM results, which are very different
from those from the other models. IGSM suggestgranother things, that substantially more
emissions mitigation is required for stabilizatiamhich implies substantially higher stabilization
costs than the other models—e.g., over 10% of glabdd product in 2100 alone for Level 1

vs. less than 2% from the other models. This isr@rmous difference that merits a dedicated
subsection in Chapter 4, Chapter 5, and the Exez@iimmary that discusses key drivers of the
results and sensitivities. Unfortunately, sendyianalysis was not part of the 2.1A exercise;
however, each of these models has run and publedterthative scenarios, in particular
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alternative reference scenarios. The authors shHmublible to draw on that experience to discuss
the implications of alternative assumptions (dags constrained nuclear penetration, increased
ocean uptake, increased penetration of liquid gals f constant marginal costs of coal
extraction). The authors might consider providinmge characterizations of the sign and
relative magnitude of changes associated with amailgassumptions.

Response: (i) With respect to formal sensitivitplgsis, please see the general response above
regarding expansions to the scope of effort. (¢ Buthors agree that less formal efforts to gain
insight into sensitivities would be interestingt the authors have chosen to stay within the
charge of the Prospectus and to report these sosn@thout speculation as to what different
scenarios might look like. (iif) The authors hataipened the discussion of the factors that
result in the differences in abatement costs.

General Comment: It would be very helpful to add a units of measappendix or table
somewhere for readers (especially policy-makerspadamiliar with the topic and looking
across the literature.

Response: A list of acronyms and units of measuitdoevadded to the final draft.

General Comment:While | recognize that space is limited and thgpgcmay be binding, more
discussion and figures/tables for non-US regiorsrasults is appropriate. For instance, very
different relative emissions pathways are depi@ed\nnex 1 and non-Annex 1 across models.
More discussion (and quantitative illustrationdoivers (e.g., gdp, population, energy, land use,
technology options, productivity changes) and thplications for mitigation would be very
helpful. At the moment, the reader can review regioeference GDP and population, but is left
wonting with regard to an understanding of howatihtly (in absolute and relative terms) the
models portray other regions of the world.

Response: The authors agree that such informatuhdwpe valuable, but an appropriate level
discussion would substantially increase the scdpleeoeffort. For this reason, the authors have
chosen to focus on world and U.S. information.

ES, Page ES-9, Line 3New wording needed — “has the main effect”?

Response: The discussion referred to in this comimeenbeen revised.

ES, Page ES-10, Line @'m not sure what the following text means: “...afi@ént pattern of
increasing stringency over time.”

Response: The phrase has been rewritten. [Noveh3oBraft]

Chapter 1, Page 1-11, Line 2%Citation needs to be revised—here and in the rete®listing.
The correct reference is:

Weyant, J. and F. de la Chesnaye (eds.). (200@ess. Multigas Mitigation and Climate
Change. Special Issue of tBaergy Journal
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Response: The change has been made. [Novembemfty Dr

Chapter 2, Page 2-8, Lines 42-44s is, it isn’t clear these technologies that “eateoduced
using the same structure” are distinguished withexmodel. | am fairly certain that | know how,
but | think that a more concrete description wdhiefit the general reader.

Response: The text has been modified. [Novemb@&rag]

Chapter 2, Page 2-17, Line 1The table is very useful as is. | wonder if somagHike it could

be used in the summary and chapter 5 with quangtébr qualitative) information that
summarizes the relative quantitative differencessmodels and pools together results across
variables for a few time steps. Food for thought...

Response: The authors appreciate the suggestitimerRhaan a table, the authors have
substantially revised the Executive Summary, inclgdhe addition of a number of the most
explanatory figures and tables from the report.

Chapter 3, Page 3-1, Lines 23-29.he numbers there would be more meaningful if yid the
level values in 2100 vs. the changes from pre-itédsurrently reported.

Response: The authors agree that the increasedivadorcing from current or 2000 levels is a
useful piece of information. However, the authds® delieve that it reduces confusion to
present a single measure of radiative forcing thihowt. The report is therefore written in terms
of radiative forcing from pre-industrial levels,thnoformation is provided on the 2000 levels of
radiative forcing (roughly 2.2 W/ffor the gases considered in this study), anditfissmation
can be used by readers to determine the furthezases beyond 2000.

Chapter 3, Page 3-7, Line 11t would be extremely useful to include a table¢his section that
summarizes relative energy costs across sourchswaitmodel and across models. Recognizing
that a quantitative cost table could be misleati@cause the values are not always directly
comparable, | wonder if it would be possible tontily an energy source that is more-or-less
homogeneous across models and then provide sonmalorahking of the other sources by cost
within each model and then a second ordinal ran&frgpsts across models by energy source
type? Ordinal rankings of this kind could be preddy decade or for a few select time periods
(e.g., 2020, 2050, 2100). At the moment, it is veayd to think about the cost differences
between sources within a model and across models

Response: The authors have provided this informatid-igure 3.7 and the associated text,
which shows the evolution of natural gas, eledrjarude oil, and coal prices. To make the
interpretation of this information more clear, tnghors have also expanded the discussion in
the appropriate sections to make clear that tiissnmation indicates the marginal cost of the
energy technologies deployed in the scenarios.

Chapter 3, Page 3-18, Line 10/ hile there is some discussion of the literature,domparison
is not very informative. It would be more usefulpolicy-makers and researchers to make a
more direct comparison to recent specific scenasalts in the literature. For example, in
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addition to the in press EMF-21 Energy Journal pgdéASA’s MESSAGE and MNP'’s
IMAGE 2.3 integrated assessment models have némlizgion work in press that covers
similar targets:

Riahi, K., Gruebler, A. and Nakicenovic, N., in gseScenarios of long-term socio-economic
and environmental development under climate stziibn. Special Issue dkchnological
Forecasting and Social Change.

van Vuuren, Detlef, Michel den Elzen, Paul Lucaas Eickhout, Bart Strengers, Bas van
Ruijven, Steven Wonink, Roy van Houdt, in pres$tabilizing greenhouse gas concentrations
at low levels: an assessment of reduction stragesgid cost<Climatic Change.

A comparison on main aspects such as referencalgtotissions (CO2 and non-CO2), radiative
forcing, and energy would provide a better confexthe CCSP 2.1A results. For additional
possibilities for providing better context, the fauis should also review the IPCC WGIII AR4
Chapter 3 Second Order Draft that is currentlylabée for expert review.

Response: See the general response above regexgiagsions to the scope of effort. The figure
mentioned in the text in the section that the commefers to is meant to give a simple high-
level context for interpreting emissions levels.

Chapter 3, Page 3-24Please add “World” totals to Tables 3.1 and 3.20Athe order of FSU
and E. Europe is not consistent across the thietaBles.

Response: World population totals are providediguie 3.1, which is in the same section. The
ordering of the regions has been adjusted [Noverh®&@raft]. World GDP totals have not been
provided because of issues associated with comgp&P across regions (see Box 3.1) and
because GDP numbers are provided in different gelars.

Chapter 3, Page 3-25Please convert all the GDP data to the same yaar 2900 US$).
Response: The data from IGSM has not been convert2d00$ because exchange rates varied
substantially in some regions between 1997$% an@%®00he text makes clear that these
adjustments in exchange rates are a source ofatiffe between GDP in different regions.

Chapter 3, Page 3-25For convenience, please add GDP per capita tabt#srafigures.

Response: The requested figures have not been taltleslreport. See the general response
above regarding additional tables and figures.

Chapter 3, Page 3-27Please add a figure for global GDP like Fig. 3.Bviously, the reader
can construct it from the tables, but there iseason they should have to.

Response: The requested figures have not been tmltleslreport. See the general response
above regarding additional tables and figures.
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Chapter 3, Page 3-29%lease add a figure for global primary energy kg 3.5

Response: The requested figures have not been tmltleslreport. See the general response
above regarding additional tables and figures.

Chapter 3, Page 3-37Please add figures for US CO2 and non-CO2 GHG émniss

Response: The U.S. G@missions figure has been added. The additiogatds have not been
added to the report. See the general response abgaeling additional tables and figures.

Chapter 3, Page 3-41Why not include the emissions from land use and-ase change in Fig
3.21, or better yet, a second graph that incluldesand use emissions?

Response: Information that breaks out the variomsponents of net-terrestrial emissions was
not included in this study. Instead, modeling teavase asked to submit net terrestrial
emissions, which include the changes in net uptkeatural and managed ecosystems in
response to increasing ¢@nd climate factors, and the effects of modeled-ase change, for
example from afforestation, reforestation and destation. The participating models do not
consider terrestrial ecosystems and land use sgsteaxactly the same way or at the same level
of detail, and therefore the authors judged they thcked the appropriate data to support a clear
comparison across models of the underlying compsnen

Chapter 4, General.The stabilization results really need to be put rdntext with respect to

the literature. A direct comparison to recent sfi@scenario results is necessary to give readers
a better sense for how to think about the resktis example, in addition to the in press EMF-21
Energy Journal papers, IIASA’'s MESSAGE and MNP'AIBE 2.3 integrated assessment
models have new stabilization work in press thaec® similar targets:

Riahi, K., Gruebler, A. and Nakicenovic, N., in gseScenarios of long-term socio-economic
and environmental development under climate stziibn. Special Issue dkchnological
Forecasting and Social Change.

van Vuuren, Detlef, Michel den Elzen, Paul Lucaas Eickhout, Bart Strengers, Bas van
Ruijven, Steven Wonink, Roy van Houdt, in pres$tabilizing greenhouse gas concentrations
at low levels: an assessment of reduction stragesgid cost<Climatic Change.

A comparison on main aspects such as stabilizglaal emissions (CO2 and non-CO2),
radiative forcing, energy, carbon prices, and dlelald product would provide a meaningful
context for the CCSP 2.1A results. For additioredgibilities for providing context, the authors
should also review the IPCC WGIII AR4 Chapter 3@etOrder Draft that is currently
available for expert review.

Response: With respect to comparisons to othelasiceaxercises, please see the general note
above regarding expansions to the scope of effort.
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Chapter 4, Page 4-10, Line 18.might have missed it in this section, but it wasfear to me
how energy efficiency responds to a carbon poliwy @hat proportion of the energy use
reductions could be attributed to increased eneffigiency in response to a carbon policy (vs.
reduced energy use due to higher consumer eneiggsprEnergy efficiency is an important
emissions reduction strategy and its role shouldibeussed and illustrated in the figures if
possible. At the moment, | feel that the figuregligitly suggest that the exhibited energy
reductions are all associated with reduced tot] mstead of some improved energy efficiency.

Response: In all three models changes in energyt gy unit of output is an important response
to energy prices and GHG emissions reductionshécduse of the different structures of the
models there is no common variable to support @ution of the measure the comment seeks.
The models do show reductions in energy inten&dyger unit of GDP) but this effect reflects a
combination of effects as prices change includfhychanges in the energy efficiency of
production at the sector level (e.g., EJ/kwh op&ddollar of agricultural output), (2) shifts in
the structure of intermediate inputs to productemg (3) shifts in consumer demand among
products. Because the models impose different se#diceakdowns in both production and
consumption, and apply different methods of reprsg production structure, there is no
clearly defined measure of “energy efficiency” tbah be applied across all three models.

Chapter 4, Page 4-17, Lines 9-18his strikes me as odd. My understanding is th&NGalso
models land-use competition between ag (crops tupgsforest, and biomass that, under a
carbon policy, includes consideration of foresboarand non-co2 gases. The text here suggests
that only MiniCAM does. Maybe it is simply a mattdrre-wording the text to clarify the point
being made. Are you trying to say that MiniCAM (VgLU) models unmanaged land in the
economic decision (unlike IGSM). As is, it givesssleading impression of the land modeling

in IGSM. Furthermore, it also gives the misleadimgression that MiniCAM is considering the
net carbon affects of land-use change decisionsqI9-12), which as discussed in the next two
paragraphs (starting on line 21) is not the case.

Response: The associated text has been revisdunitels link emissions of substances such
as NO and CH to land use activities. MiniCAM also derives gt use change emissions (e.g.,
deforestation) from its land use model. Becaud#isflinking, there is an increase in
deforestation in the stabilization scenarios agitiaand for bioenergy crops leads to greater
deforestation. [November 13 Draft]

Chapter 4, Page 4-17, Lines 21-4%ands and Leimbach (2003) should be cited herelsSamd
Leimbach illustrate this point very clearly

Response: The citation has been added. [Novembr&if§
Chapter 4, Page 4-28Table 4.1 suggests that the concentrations inanteCO?2 forcing, but
not non-CO2 forcing. This is inconsistent with #eecutive Summary (page ES-3) which states

that these are CO2eq concentrations

Response: Text has been added to clarify this pidilotvember 13 Dratft]
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Chapter 4, Page 4-31A editing comment from the authors needs to be v&@udrom the text
below Table 4.7.

Response: The change has been made.
Chapter 4, Page 4-36The Figure 4.4 keys appear to have been cut-off

Response: Comment noted. The figures will be ftdijone in final production, and the keys will
not be cut off.

Chapter 4, Page 4-38Given that the report includes the US energy resuitler stabilization, it
would be nice if the report included US GHG emissioesults as well similar to Figures 4.6,
4.7, and 4.8.

Response: The requested figures have not been tmltleslreport. See the general response
above regarding additional tables and figures.

Chapter 4, Page 4-44Would it be possible to illustrate the CCS assediatith biomass
(BECS) as well in Figures 4.10, 4.11, and 4.14?

Response: None of the scenarios includes CCS fromdss. It is for this reason that none is
shown in the figure.

Chapter 4, Page 4-44Across the energy figures, it would be helpful éodonsistent in the

order of the level and change results figures. @lpbmary energy changes are before the levels
in Figures 4.9 and 4.10, but levels are before gbaimn global electricity (Figures 4.11 and

4.12). Consistency will make it easier for readernd tables and less likely to make a mistake.
My preference is for levels before changes.

Response: The figures will be reordered in thel filnaft of the report.

Chapter 4, Page 4-54Please add the following sets of figures:
US electricity by fuel levels

Global non-electric energy use by fuel — levels aema@nges

US non-electric energy use by fuel — levels andhgka

Response: The requested figures have not been tmltleelreport. See the general response
above regarding additional tables and figures.

COMMENTS OF SARAH WADE

General Comment.Thank you for developing these scenarios for putsicsumption. The
combination of three scenarios mutually reinforites"big picture” concepts related to the scale
and magnitude of change that will be needed toesmsdrlimate change along with the potential
role of emerging technologies. At the same time differences between the model outputs
highlight important limitations that should be camesed in using the results to inform policy.
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The output regarding potential pathways for chamgéise energy system could be extremely
useful in communicating the need for and potemtld of a variety existing and new
technologies, such as CCS.

My general comment is that the information in tepart is not easily accessible to the decision-
makers and others in the public who are not expedelers but who are an important target of
the report. In particular, the Executive Summargsionot adequately summarize the findings or
the caveats for using the findings that are coetiin the report. And, the focus on radiative
forcing needs to be presented in terms that aierdascompare to more commonly presented
concepts of actual emissions and CO2e or CO2 ctratiems. In addition, a close read of the
report raises several additional questions offatation.

| would also point out that the requested formatcfumments is cumbersome and perhaps will
discourage comment. It would have been useful taiola briefing on the findings during the
comment period so that easily answered questions @@ resolved during the comment
process. | have organized my comments by generaidtand include specific page and line
references at the end of each section.

Response: (i) The authors appreciate the positweneents. With respect to the Executive
Summary, the authors agree on the need for imprem&snTo this end, see the general response
above regarding the organization and presentafitimrecExecutive Summary. (i) With respect

to the construction of the radiative forcing levaigl the relationship to G, please see the
general note above regarding the explanation ofatiative forcing limits. [November 13 Dratft]

General Comment 1. Make the Executive Summary a Stnger Summary.The prospectus
states: “The scenarios are intended primarily Bmision-makers and analysts who might benefit
from enhanced understanding of the potential claratics and implications of stabilization.” It
is conventional wisdom that the decision-makers$ nied the summary and the analysts will dig
into the detailed report. This underscores the eethe summary to serve as a stand alone
document. From a substantive point of view, theddkge Summary needs to include more
guantitative statements, when appropriate, tocetle findings in the report. Right now, most
of the statements in the bullets are broad geretans that can be of little help to experts @r th
general public alike. In cases in the Executive ®amny where numeric ranges or examples are
presented, the points are much more useful andraasinderstand.

In addition, the Executive Summary should inclutieast two sets of graphs in the Reference
Case Findings section that summarize all of theades in both radiative forcing and tonnes. It
should also contain graphs summarizing the stalitim scenarios in the Stabilization Scenarios
Findings section.

Chapters 1 and 5 of the report are very importaftaming the scenarios. Chapter 1 reminds the
reader that these are but one input to be useédisidn making and that the scenarios do not
consider the benefits from reducing greenhousesg&d®apter 5 provides some guidance
regarding the limitations on using the scenarias sme insights about how they might be used
in the future. These are very important pointseiaforce with non-experts and they should be
featured more prominently and accurately in thecdkee Summary. In several places in the

10
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Executive Summary, the frame for considering th&scof changing the energy system is
presented in only one-dimension and is not tiesufficient reminders to the reader that other
factors influence the total cost equation. For eplamchoosing a more stringent radiative
forcing limit will increase the magnitude, cost amding of change in the energy system, but
some of these costs might be offset by increastseibenefits of choosing the stringent limit.
This may seem like re-stating the obvious or evigredsing from the scope of the report, but it
is important to remind people that these scenaesot cost-benefit analyses but rather insights
into what it might take to achieve various levdisaliative forcing limitations from the
perspective of changes to the energy system. I@muggesting that this report delve into the
policy arena, but | do think it is important thahot leave much room for a reader who is not
well-versed in these matters to walk away withithpression that controlling “costs” is
primarily a function of choosing a high enough editie forcing limitation (see ES 8 line 20).

Response: The authors agree with the comments aBeeehe general response above
regarding the organization and presentation oEtkecutive Summary.

From an editorial point of view, it is difficult toomprehend the information from the Executive
Summary because it is presented as a long serigsstructured bullets. | suggest what | think is
a more comprehensible structure that would tieifigsl to the three main questions of modeled

emission trajectories, modeled energy system iragtins and modeled economic implications.

To this end, section ES.4 would be restructureidlésys:

ES.4. Findings

ES.4.1 Reference Scenarios
ES.4.1.1 Emission Trajectories
ES.4.1.2 Energy System Implications
ES.4.1.3 Economic Implications

ES.4.2 Stabilization Scenarios
ES.4.1.1 Emission Trajectories
ES.4.1.2 Energy System Implications
ES.4.1.3 Economic Implications

Within the sections of ES.4., each bullet shoulddm¥ganized under the appropriate sub-group
and include a paragraph heading that indicatemtia point of the bullet. Based on my read,
this may result in adding some new bullets and mgrgthers. | would also suggest that where
possible broad statements be underscored with itptard ranges or examples.

Response: The authors appreciate the input. Thédectision on how to rewrite the Executive
Summary was based on a number of inputs, includiegomment above. The final version is
broken into reference and stabilization sectionsgach of these sections is communicated as a
whole.

Some of the specific suggestions are below:

Chapter ES, Page 1, Line 41After the first full sentence of the paragraph, addche version of
this sentence from Part A Chapter 5, Page 12, 4iriEinally, the problem of how to respond to

11
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the threat of climate change is ultimately a probt# decision-making under uncertainty that
requires an assessment of the risks and how aypulght reduce the odds of extremely bad
outcomes. One would like to compare the expectedfiis of a policy against the expected cost
of achieving that reduction. By focusing only onigsion paths that would lead to stabilization,
we are able to report the costs of achieving tbat githout an assessment of the benefits.” The
point here is emphasize up front and in a veryctlineanner that the scenarios present one part of
the assessment in forming climate policy. This pehould be repeated a few times throughout
the Executive Summary.

Response: A bolded caveat to this effect has ble@eg prominently in the Executive Summary.

Chapter ES, Page 1, Line 42 and Part A, Chapter Bage 1, Line 41The Executive
Summary and Chapter 1 both describe the poterdlakvof the scenarios. They use two
different phrasings: The Executive Summary readsctmcerned with the energy system and
economics effects of policies leading to stabil@abf human influence on the atmosphere,”
while Chapter 1-1-41 reads: “benefit from enhanaederstanding of the potential implications
of stabilizing greenhouse gas concentrations abwaidevels.” What is the difference between
the focus on stabilizing human influence versubibtang GHG concentrations? And, neither
statement sufficiently indicates that the scengriawide insights about the costs but not the
benefits of such change. Both questions shouldardied.

Response: See the general response above regtreingers and uses of these scenarios.
[November 13 Draft]

Chapter ES, Page 4, Line 35As a summary of the reference scenarios, thismestould

include two graphs depicting the 3 reference stesa®ne graph should include the top line of
all three radiative forcing scenarios and a seahuild include the top line CO2 emissions
along with a description of the assumed levelshoiksions of non-CO2 GHG in the reference
case. To the extent either the radiative forcintherCO2 projections are contingent on modeled
emissions of non-CO2 GHGs, this should be indicatedell. (note — the graphs could also be
inserted after the bullet points at ES 6, line 32).

Response: In the spirit of this comment, the atihave added a number of figures to this part
of the Executive Summary. See the general respan®ee regarding the organization and
presentation of the Executive Summatry.

Chapter ES, Page 4, Line 36Add a sub-group heading entitlEdergy System Implications.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Part A, Chapter ES, Page 4, Line 37Add the paragraph headi@obal Primary Energy
Production.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.
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Chapter ES, Page 4, Line 44Add the appropriate header — something &tebal Primary
Energy Production by Fuel.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Chapter ES, Page 5, Line 7Replace or expand this paragraph so that it imdwdspecific
statement on the ranges of nuclear energy, renevesiglrgy, and efficiency assumptions in the
reference case. If replacing with several paragsaptid appropriate headers, if expanding this
paragraph bold the head&on-Fossil Fuel Energy Use.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary. Numerical details are now prieskegraphically in the Executive
Summary.

Chapter ES, Page 5, Line 23Add a paragraph summarizing important transpamati
assumptions in the reference cases; add appropegatter.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Chapter ES, Page 5, Line 23Add a paragraph with header that refers toHigh Level of
System I mprovements I n Reference Cases; include in this paragraph some summary of the
points raised throughout the report that a higelle¥ improvements in energy efficiency,
transport efficiency, use of nuclear energy, etcaready built into the reference case
assumptions. This needs to be highlighted somewhéhe summary.

Response: The point is explicitly made in the Ex@euSummary

Chapter ES, Page 5, Line 23Add a sub-group heading that reaBlsonomic I mplications.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Chapter ES, Page 5, Line 24Add headind=nergy Prices to the paragraph.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Chapter ES, Page 5, Line 31Add the sub-group headingmission Trajectories.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.
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Chapter ES, Page 5, Line 31This paragraph should have the headiagsil Fuel CO2
Emissions.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Chapter ES, Page 5, Line 36-46Combine this into one bullet; add the paragrapldimgaNon-
CO2 GHG Emissions; keep it under the sub-section of emission trajges.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Chapter ES, Page 6, Lines 2-20hese three paragraphs should be combined intbtets;

the first should have the head@®cean Sinks; the second should have the headerrestrial

Sinks; the point about natural biogeochemical removatesses should be made in both bullets.
| earlier made the suggestion to replace the referéo stabilizing the human influence with the
language from Chapter 1 that referenced stabili@dhl§s concentrations because it seems like
the non-human impact of sinks is factored intodengarios. If the important point is that human
influence also impacts the capacity of natural sitilen it may be more appropriate to reference
stabilizing human influence but the point shoulcelplained in the context of these paragraphs.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary. The authors believe the refe@mbext is adequate.

Chapter ES, Page 6, Line 34The section should include two sets of graphs degithe
stabilization scenarios in terms of radiative fogclimits and in terms of emission tonnes.

Response: Tables have been added to explain tlaivadorcing limits. Also, see the general
response above regarding the explanation of thatrael forcing limits.

Chapter ES, Page 7, Line 29. Insert sub headin@gmission Trajectories.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Chapter ES, Page 7, Line 30nsert the headingZariable | mpacts of Sinks or something more
appropriate.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Chapter ES , Page 7, Line 33nsert Sub-headindgnergy System Implications.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.
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Chapter ES , Page 7, Line 34insert paragraph headingubstantially Different Energy

System Needegalso, it is worth reiterating how difficult it ngdbe just to achieve the aggressive
improvements assumed in the reference case. Sexdmple the statement at Chap 3- page 8-
line 20: “The important point here is that thesemence scenarios already incorporate
substantial technological improvements.”

Response: The text in the Executive Summary has sidestantially revised, and the authors
believe that this point has now been adequatelyenrathe text.

Chapter ES, Page 7, Line 40This paragraph has a typo in the last sententeiritssing some
word(s). The reference to nuclear energy shoulseparate from the discussion of the
implication of not using CCS technologies unlesshint was to suggest that CCS and nuclear
are the primary tradeoff. Further, this paragragé $everal components and should be broken up
or expanded to give adequate summary. | wouldtbkeee something more quantitative than the
term “more heavily” in describing modeled reliarmenon-fossil energy sources. Presumably
the term “more” refers to the reference case. Theggit is worth reiterating the fact that the
reference case is built in aggressive relianceamfossil energy relative to today’s levels. This
paragraph should have the headiNgn-Fossil Energy Sources; it should focus only on non-
fossil energy sources; it should include more gtetnte assessments of the range of nuclear
energy, renewable energy and reduced consumptithe istabilization scenarios. The discussion
of CCS technology relates to fossil fuel and shdaddnoved to the following paragraph which
starts at ES8, Line 4.

Response: The text has been rewritten for claitigh respect to the broader points about
presentation and organization, see the response abgarding the organization and
presentation of the Executive Summary. Quantitatif@mation is now provided in the
Executive Summary through a range of figures thattbeen added to the Executive Summary.

Chapter ES, Page 8, Line 4Add reference to CCS from paragraph preceding(st#sts on
page ES7, line 40). The statement about CCS shelldde some quantitative range, the
paragraphs should have the hea#8essi| Energy.

Response: The referenced text from the previousgpaph has been rewritten. Quantitative
information is now provided through a series otifigs from the body of the report.

Chapter ES, Page 8, Line 9This paragraph should get the headiign-CO2 Emissions it

should be moved up under the sub-heading of emissrajectories that | suggested be inserted
at Part A, Chapter ES, Page 7, Line 29; and thet pa&ieds to be better described here in the
summary and in the Chapter 4. Chapter 4 preseaphgrof emissions of N20O and CH4 but does
not talk about the other non-CO2 GHGs in the saasRkibn. The reader is not able to tell what
kind of reductions need to occur in these GHGsaamhot tell what the impact would be if those
“substantially reduced” emissions levels are nbieecd

Response: See the general response above regtrdiagganization and presentation of the

Executive Summary. A figure on radiative forcingieeen added to illustrate the changes that
will be required in the non-COGHGSs.

15



CCSP Product 2.1a Response to Comments NovemBéns,

Chapter ES, Page 8, Line 12This paragraph should have the headBigmass.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Chapter ES, Page 8, Line 20This is perhaps the most important message frorertiee
scenarios effort yet it is buried here and is wntin such a way that it is difficult to comprehend
how important it is. I'm sorry that | don’t havesaggestion for language that I think would be
appropriate and accurate — | defer to the autthaeveuld like to see some indication of the
tradeoffs between high and low radiative forcimgits not only in relation to magnitude and
timing of changes in the energy system but algbeérpotential for inducing climate change
impacts related to warming. | realize this is outhe@ scope of the report, but as written, it seems
like the “easy” solution is to simply select a heglmadiative forcing limit in order to avoid or
delay substantial changes in the energy systehere tis no indication of the potential
consequences of such a selection. Chapter 5, [2alygeld presents potentially suitable language
that could be referenced here. | would also likegle language that is more quantitative if
possible.

Response : The Executive Summary has seen substanisions, and the authors believe the
text and associated figures clearly demonstratartbheeasing stringency of stabilization would
result in increasingly large changes in the gl@redrgy system. In addition, text that alerts
readers to the fact that this report only consitleescosts of stabilization and not the benefits is
prominent in both the Executive Summary and theylmidhe report.

Chapter ES, Page 8, Line 24This paragraph should be moved up to the emissiajectories
sub section that | suggested be inserted at lineliB& 29; it should have the headirSgale and
Timing of Reductions; it should include a summary of the range of réidas in tons from the
scenarios — at least for COZ2.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary. Quantitative information in Eheecutive Summary is now provided
through an extensive set of figures.

Chapter ES, Page 8, Line 30This paragraph should be moved up to the emissiajestories
sub-section | suggested be inserted at line E®€72®) it should have the headihging Term
CO2 Emissions Fall Toward Zero.

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Chapter ES, Page 8, Line 43Because this statement is so broad, it is not tlea the
statement in this paragraph differs from the stat@nn the paragraph at ES7 line 40. If
appropriate, | suggest combining them and includivegn under the sub-heading of Energy
System Implications — if instead there is an im@otand distinct point, it should be made more
clearly.
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Response: The associated paragraphs have beemeaimiNovember 13 Draft]

Chapter ES, Page 9, Line 5Because this statement is so broad, it is not tlea this
paragraph differs from the paragraph at ES8 Linéthere is a distinct point that is not made in
the earlier paragraph, it should be clarified here.

Response: The authors have chosen to leave theassiotext. The first paragraph makes the
point that fossil fuels continue to supply energptighout the century. The second paragraph
points out the reductions in freely-emitting fossiéls in the electricity sector.

Chapter ES, Page 9, Lines 11- ES10, Line I®hese bullets would clearly fall under the
subgroup of Economic Implications of the Stabili@aatScenarios Findings section and should be
placed in this section and given appropriate hesader

Response: See the general response above regtrdiagganization and presentation of the
Executive Summary.

Chapter ES, Page 9, Line 35The discussion of non-CO2 GHGs here relates io tiftenate
potential impact on the cost of meeting the vari@dsative forcing limitations based on their
impact on the necessary stringency of changes ®i@@he energy system. It would be more
clear if the rationale were described in a lessyolurted manner and if some qualitative
statement about the range of impact could be mEueimplication seems to be that if the Non-
CO2 GHG limits are not achieved then there woula Ipeed for additional (and presumably
more costly) CO2 reductions. Regarding the disomssf radiative forcing throughout the
report, it seems like the Levels 1-4 radiative ifogdimits in the scenarios only compare to the
approximate range of 450-750 ppm CO2 if the modegedctions of non-CO2 GHGs are
achieved. If not, then do the radiative forcingitsrcompare to higher levels of CO2
concentrations?

Response: See the general response above regtreiagplanation of the radiative forcing
limits; how they were constructed and how they wemglemented.

Chapter ES, Page 12, Line 20Chapter 5 (page 1, lines 41-45) identifies potntsers and

uses of scenarios as follows: “The possible uskeesnissions scenarios are many and diverse
and include climate modelers and the science coriytinose involved in national public

policy formulation, managers of Federal researdymams, state and local government officials
who face decisions that might be affected by clendtange and mitigation measures, and
individual firms, farms, and members of the publut, Chapter 5 goes on to describe that such
users would require different scenarios than cdiyed the Prospectus and as a result, it seems,
provided in the report. Further, throughout theoréthere are caveats suggesting that the report
provides the “barest glimpse of the uncertainty-(2S25) or that it is only the first step in a
process of developing information. With these stetiets, the report sends mixed messages
about who could use the insights from the repadttarwhat purpose. Today, there are several
pieces of legislation being debated in the US Cesgyrmillions (if not billions) are being spent
on climate technology development, and severadstntd other nations are implementing
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climate policy. The information in this report mbg supplanted by other scenario analyses in
the works today and it may need to be vetted agaemsitivity and uncertainty analyses, but it
also represents the best of what we know and thowk | would rather policy makers use it than
rely only on older, less sophisticated thinkingt Wes difficult to get a clear sense of how the
information in this report could be considered lepple involved in those activities today. It
would be helpful if the authors could more cleatticulate guidance for using the information
in this report as it stands today.

Response: See the general response above regaseirsgand uses of the scenarios. [November
13 Draft]

General Comment 2. Concept of Radiative Forcing Reagres Better Explanation and
Comparison. | am an “interested non-specialist” who is beittéormed on climate science than
the average person, yet | am struggling to fullsgrthe concept of radiative forcing and to
compare it to atmospheric concentrations — espg@flCO2e. Ultimately it is going to be
important to relate these scenarios to emissiamsthis work to be useful in the public and
private discussions of decisionmakers, the reguntisl contain a plain English explanation of
why radiative forcing is the primary metric usedhe report as well as something of a primer to
help interested non-specialists to navigate thpsagch. Chapter 1 attempts to do this but falls
short of fully explaining the comparison.

The radiative forcing limits are presented in lielato their approximate CO2 concentrations.
However, since the non-CO2 GHGs make up 20-30%eofddiative forcing in the reference
scenarios, it is hard to figure out what that meagsrding the approximate CO2 concentration
—is Level 1 approximately 450 ppm or is it appmately 450 ppm CO2 plus some
concentration of non-CO2 GHGs? And, if so, is theeptial impact on climate equivalent to 450
CO2, 450 CO2e or a number greater than 450 ppmd@D2e? It would be helpful to find an
easy-to-understand explanation of the differenacktha implications for potential climate
effects.

Response: See the general response above regtreiagplanation of the radiative forcing
limits. [November 13 Dratft]

Chapter ES, Page 3, Line 3%Radiative forcing needs to be explained and conapar€O2 or
CO2e concentrations in a clear manner. Such ameapbn could be inserted at this point or
referenced as an Appendix.

Response: See the general response above regtreiegplanation of the radiative forcing
limits. [November 13 Draft]

Chapter 1, Page 3, Line 1The description of radiative forcing reads: “the$pectus also
directed that stabilization levels be chosen twig®results easily compared with those from
previous scenario exercises based only on CO2 otmatens. Radiative forcing levels were
constructed so that the resulting CO2 concentrsatiafter accounting for radiative forcing from
the non-CO2 GHGs, would be roughly 450 ppmv, 55@p©650 ppmv, and 750 ppmv. Based
on this requirement, the four stabilization lewstre chosen as 3.4 W/m2 (Level 1), 4.7 W/m2
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(Level 2), 5.8 W/m2 (Level 3), and 6.7 W/m2 (Ledg!’ It may not be a material concern, but
this does not add up to me — or, rather, it isamoéasy comparison to make. For example, in
Figure 4-2 the IGSM Level 1 limit of 3.4 W/m2 istaally roughly 450 PPM CO2 plus between
roughly 0.75 -1 W/m2 of effect from the non-CO2 G#i® this case it appears that a radiative
forcing limit of about 2.5 W/m2 is more closelygied with the CO2 concentration of 450 PPM.
Is this correct?

To focus on the higher level of 3.4 W/m2 means ¢hegrtain level of non-CO2 GHG must be
achieved. Two things are not clear: 1) if the medéévels of non-CO2 GHGs are not achieved
would the limit of 3.4 W/m2 actually be more likénegher concentration of CO2 (in other
words, how dependent on the non-CO2 GHGs reductsatfie comparison)? And, (2) how does
the effect of the proposed Level 1 limit of 3.4 Vi¢iwompare to what is believed to be the
climate impacts of 450 PPM CO2 or 450 PPM CO2e?

The models include “substantial” reductions in tle&-CO2 GHGs, are these similar to what is
already considered in studies that assess climgiadts of 450 PPM CO2 or 450 PPM CO2e? in
other words, is this not a material difference thdrat is already discussed as the basis of CO2
PPM scenarios? Also, at least the MiniCAM modekgs non-CO2 GHGs are based on
conversion to C using global warming potentialkis brings to mind CO2e.

These questions need to be addressed, given tha@@@ GHGs appear to represent about 20-
30% of the radiative forcing in both the referenase and the scenarios — this is too big a piece
of the scenarios to leave questions of comparis@xplained. And, if this report is attempting to
highlight the important role of non-CO2 GHGs in taining the cost of CO2 reductions, that
concept should be more clearly indicated.

Response: See the general response above regtreiagplanation of the radiative forcing
limits. [November 13 Dratft]

General Comment 3. Link Radiative Forcing to TonnedMore Clearly
It should be easier for the reader to translatdititings into tonnes and to relate the findings to
both global and US systems.

Chapter 3, Page 17, Line 17The text of the report refers to: “Figure 3.15 Glband U.S.
Emissions of CO2 from Fossil Fuels and Industr@li$es across Reference Scenarios.” Yet on
page 3-37 Figure 3-15 shows only the global emmssié new graph showing the US emissions
from the reference cases should be included here.

Response: The U.S. figure has been added. [Noveh3oeraft]

Chapter 3, Page 19, Line 7Figure 3-18 should be modified to include the meddlS
reference case for these gases.

Response: The requested figures have not been tmltleslreport. See the general response
above regarding additional tables and figures.
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Chapter 3, Page 19, Line 3&igure 3-19 should be modified to include the meddlS
reference case for these gases.

Response: The requested figures have not been tmltleslreport. See the general response
above regarding additional tables and figures.

Chapter 4, Page 8, Line 41A new figure should be added to complement Figuéebut to
present the findings for the US (Fossil Fuel and2®mnissions Across Scenarios for the US).

Response: The requested figures have not been tmltleslreport. See the general response
above regarding additional tables and figures.

Chapter 4, Page 10, Line 18\ew figures should be added here that preserdt#iization
scenarios for the long-lived and short-lived F gasshese figures should mirror the information
presented as the reference case for each in F3gli®e New figures should also be added to this
section to complement Figures 4-7 and 4-8 and ¢hefigures for the F gases to present the
findings for the US.

Response: The requested figures have not been taltleslreport. See the general response
above regarding additional tables and figures.

General Comment 3. Remind Readers of Important Cawas throughout the Report

First, is it the case that the results in theseates would tend to understate the cost and degree
of difficulty in achieving the stabilization targét It seems that this tendency would be driven by
at least three features of all the scenarios:

» There are aggressive technology assumptions iretkeence case
» Itis assumed the whole world participates in réidns
* There appears to be a relatively frictionless marke

If true, this point should be emphasized throughbetreport. If not true, it would be helpful to
explain why this is not the case.

Response: The authors agree on the need to mexgiedly remind readers of important caveats
throughout the report. In the spirit of this comitaéne authors have been more explicit about
particular characteristics of the scenarios thatimportant context for their interpretation. In
particular, the authors have focused on emphastheigthe scenarios do not consider the
benefits of stabilization and that the implied pglregimes employed to reduce greenhouse gas
emissions are highly stylized.

In addition, there are a few instances where itld/e useful to ground the report’s findings in
the larger context of being just one piece of infation necessary to assess climate change
policy. Experts will most likely keep in their miac set of caveats regarding the interpretation
of results in this report. The average reader mayet to do so and thus the burden is on the
authors to continue to remind the reader of theseats. In particular:
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Chapter 4, Page 3, Line 31The sentence reads: “There is a strong economusrant that
mitigation costs will be lower if abatement effostart slowly and then progressively ramp up,
particularly for CO2.” The following paragraph adtie caveat that: “What constitutes such a
cost-effective “slow start” depends on the concaaiin target and the ability of economies to
make strong reductions later.” The caveat neetde emphasized more strongly and linked more
closely with the first statement. It seems thatrépeort is trying to make the point that no matter
what target is selected, it will generally be moost-effective to progressively ramp up
abatement than to attempt more rapid wholesalegehamovided the economy has the ability to
increase reductions in the future. As written,drfpeople will miss the caveat and only focus on
the economic argument for a “slow start” — it daes seem like this is the sole point of the
section and so should be clarified.

Response: The authors believe the text as writi@kesithe point that was raised in the
comment.

Chapter 4, Page 23, Line 33This paragraph starts with the question: “Estintathe
macroeconomic cost of stabilization is not a simtask either conceptually or computationally.
From an economic perspective, cost is the valubefoss in welfare associated with
undertaking the required policy measures — or edently, the value of activities that society
will not be able to undertake as a consequencermsiung stabilization?” This seems to be an
incomplete question at this point in the reportndre complete question would remind the
reader that there are consequences from not pgrstabilization (i.e., the benefits) that are not
valued in the scenario work and which | think amportant in considering the macroeconomic
cost of stabilization. If they are not importanttionsidering macroeconomic cost of
stabilization, the rationale should be explainecetder at this point in the report.

Response: The text has been slightly revised: tlestgpn mark has been removed. The
statement is not a question. [November 13 Draft]

Chapter 5, Page 3, Line 22This section should include a reminder that aké¢treference
scenarios include aggressive assumptions abouvadae energy, efficiency and nuclear energy.

Response: The point is made in the paragraphntttipossible to say that all the scenarios
include substantial improvements in renewable gnangl nuclear energy, because at least one
of the models assumes limits on the growth in #@egfration of these technologies.

General Comment 5. Discuss Technology Changes MaGampletely.

Chapter 4, Page 12, Line 20 (Section 4.4.2)his section presents an interesting discussion of
the potential role of CCS technology. | would likesee the same assessment of the role of
nuclear and renewable energy included here. Thissament should also be included for the US
—even if the US numbers represent simply one piatgrathway.

Response: The authors have chosen to provide atioadtifocus the discussion on G@apture

and storage as a single example to demonstrase#be of the energy changes that would be
required and because of its prominence in all teedg of scenarios. The authors have chosen not
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to provide similar discussions of other technolsdgased on considerations of the flow, length,
and focus of the report. However, the informatiequested in the comment will be available in
the database that accompanies the final report.

Chapter 4, Page 13, Line 29Table 4-5 should include modeled cumulative CC3080 as

well. (assuming virtually no CCS in 2000 and a&nprogression in the increase of CC per year
between then and 2030, would the cumulative modéfe8 numbers range from 9-40 GTCO2
in 2030 for Level 17? If so, this is a lot easiectmceptualize the implications than it is by
considering 17-42 PgC by 2050.) The report shotddgnt the same type of information as is
presented tables 4-4 and 4-5 for the other mairggrsmurces (nuclear, renewable energy,
biomass and efficiency) in separate tables for eaengy type. This information should also be
presented for all energy sources and CCS as a b8 number as well. Even though these
are caveated model results and not predictionseofuture, these are the kind of concrete
numbers that people today can relate to in ordgeta@ better appreciation for the scale of
change being discussed. It would be preferabledwige similar tables for the US based on the
modeled pathways. It seems like this informationlddased on Figures 4-13 and 4-14.

Response: (i) The numbers for 2030 have been afidedember 13 Dratft] (ii) As stated above,
the authors have chosen to provide an additioralsthe discussion on G@s a single example
to demonstrate the scale of the energy changesvthdtl be required and because of its
prominence in all three sets of scenarios. Theaasthave chosen not to provide similar
discussions of other technologies based on coratides of the flow, length, and focus of the
report. However, the information requested in thement will be available in the database that
accompanies the final report.

Miscellaneous Comments.

Chapter 4, Page 14, Line 36t is unclear whether the figures presenting USrgy statistics
(Figure 4-13, 4-14, 4-15 — and Figure 3-8) are thaseUS energy consumption or production. It
appears they are based on consumption which isgepted in Chapter 3 as being greater in the
US than production because of imports. Thereftwejrmplications for US emissions from
energy are not entirely clear.

Response: This will be clarified. [November 13 Djraf

Chapter 4, Page 22, Line 6Table 4.7 includes a note at the bottom that &thded cost should
not change because $100 remains $100.” If thimés then the percentages would change
dramatically at least for some of the fuels. | wbuige that percentages be recalculated based on
more current energy prices.

Response: The numbers have been updated as suygeste

COMMENTS OF ERIC HOLDSWORTH AND WILLIAM L. FANG

General Comment.On March 7, 2005, EEI submitted comments on tlaé éhrospectus for
SAP 2.1, which was made available, together with dther prospectuses, namely, SAP 2.1 and
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3.1, for public comment by the notice of Fé&d. Reg. 5969 (2005). That draft said (p. 1) that
SAP 2.1 “has two components. . .updating scenafigseenhouse gas emissions and
atmospheric concentrations (Part A) and a revieimtefyrated scenario development and
application (Part B)” and that Parts A and B wil toordinated with each other and with other
“SAPs,” “especially 3.2 and 4.5,but did not explain how and to what extent suchrdivation
was to occur. It added that they “will enhance onganternational efforts to produce scenarios
and conduct scenario analyses,” particularly bylR@&C.

In our comments, EEI questioned the wisdom of uiadterg Part A and providing “new and
updated global stabilization scenarios by the Uefore the Part B effort has been undertaken
and completed.” We noted that “despite consideredient criticisms” of IPCC’s scenarios, the
IPCC does not plan to address scenarios for thelFagsessment Report (AR4), but instead
“will consider new scenarios” for the Fifth AssesstReport “once authorized after 2007.”
Since, of course, the IPCC has not yet finished AR4 premature to speculate as to if and
when a subsequent assessment report will be ukdartgy the IPCC. At the IPCC's 94
session, there reportedly was a consensus foPIBE€ lto facilitate only the development of new
scenarios but not develop them.

Our comments then said:

We understand that after the"leeting of the Conference of the Parties in
Buenos Aires, Under Secretary of State Paula Doskiaat a December 16,
2004, press conference said that the U.S. "hatamoted mandatory” climate
“steps, targets and timetablethat “it is essential to have a robust programd a
approach,” that the U.S. is “committed to the u#timobjective” of the
Framework Convention on Climate Change, and “[tjmitthat end, our programs
are geared toward effecting and addressing gresehgas emissions now, in the
near-term, in the mid-term and the long-term.” &tlded that “the very essefice
of the U.S. approach is one that places a premiuth® “development and the
deployment of transformational technologies

We did not understand from the Under Secretaryizar&s in support of the
“ultimate objective” of Article 2 of the FCCC thtite U.S. was on the verge of
developing “new” global stabilization scenarios fioe four levels, particularly in
advance of the Part B efforthe “intent” of which is “to inform preparatiomd
application of future scenarios by the CCSP, tt@dPthe CCTP, and other
global change research and assessment organizatwaposed CCSP
development of scenarios prior to learning theltesii Part B seems very
premature at best.

(Emphasis added.)

! The SAP 3.2 topic is “Climate projections for reszh and assessment based on emissions scenaribepbel
through the Climate Change Technology Program.” $A@ 4.5 topic is “Effects of Climate Change on fgye
Production and Use in the United States.”
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In our earlier comments, EEI also questioned th&E@nd DOE proposal to engage in the
development of stabilization scenarios in ordéetthance ongoing international efforts to
produce scenarios and conduct scenario analydmat'i$ not a proper role for either the CCSP
or DOE, particularly since the IPCC already haddiet in November 2003 not to prepare new
scenarios or to address criticisms of the IPCC @pBeport on Emissions Scenarios (SRES) for
AR4. Just as importantly, we specifically pointed that the FCCC’s COP has not even begun
to consider when and how to address FCCC Article 2.

In response, the CCSP said that “[g]enerating st not a once-and-for-all activity, but
must be repeatedly iterated and updated as knoe/ladgances and conditions change.
Consequently, Part A can contribute to advance nstateding of emission trends” and other
“issues without needing to await completion of BaftNeverthelesst would have been wise

to conduct the review of scenario development andpalication before undertaking new
scenarios, especially since there is no urgency feuch new scenariodMoreover, that
response did not address our comment about the @8&#R)ing in the development of
“stabilization scenarios in order to ‘enhance’ intional efforts to produce scenarios and
conduct scenario analysis.” As a general propasitihile we might not object to the
development of multi-gas stabilization scenariosoattefining stabilization in terms of radiative
forcing if a need were fully demonstrated and € ibsues that have been raised about relevant
uncertainties have been addressed, we continugetstign CCSP developing such scenarios in
order to “’enhance’ international efforts.”

Response: (i) With respect to the timing of Padral Part B, the comment is similar to
comments received on the Prospectus, and the respemains the same. Generating scenarios
is not a once-and-for-all activity, but must beaatedly iterated and updated as knowledge
advances and conditions change. ConsequentlyAR=m contribute to advanced understanding
of emission trends and associated economic andaémical issues without needing to await
completion of Part B. (ii) With respect to interiosial efforts, the comment refers to the
Prospectus and not the Part A report that wasgouataird for public comment. However,
language referring to benefits of these scenadomternational efforts has been removed.
[November 13 Draft]

While Part A does not dwell on this enhancementept) it is vague when discussing the
purpose of the scenarios and particularly who nmemehbt. It states (p. 1-1) that the “primary
purpose. .is to serve as one of many inputs to decismahkingfor climate change,” which is a
very broad and open-ended purpose, and that thkentied audience includasnspecified and
unidentified “decision-makers and analysts who rhiggnefitfrom enhanced understandiofy
the potentiabf stabilizing greenhouse gas concentrations abwaievels” (emphasis added).
However, the Part A draft explains (p. 1-2) tha slcenarios_“lack the level of detail local or
regional decision-makinguch as state or city planning or the decisiokingaof individual

firms or members of the public.” As for the fedegalvernment, the draft states (p. 1-2) that the
“scenarios may also serve as a point of depafturirther CCSP and other analyses, such as
exploring the implications for future climate oragmining the costs and feasibility of mitigation
and adaptation optiohgemphasis added). In short, the terms “decisi@kens” and “analysts”
in Part A is not informative or helpful in demorattng or explaining who they are, at whom a
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scenario (including this one) is aimed and in simgvé need and purpo$tn short, the term
“decision-makers” and several iterations thereefs¢o be intentionally all-encompassing and
vague® This appears to make it difficult to ascertain windact, are the real, perceived or
expected users and, just as importantly, to focaglevelopment of the emissions or climate-
change scenario so as to meet their actual needs.

Response: See the general response above regasairsgand uses of the scenarios. [November
13 Draft]

In our comments on the draft Prospectus, we alsstopned the “coordination” between Parts A
and B. The CCSP response was that this has beamifitad in the prospectus.” The CCSP
explained that it intends that “[clommunication antéraction between the two product teams
will take place primarily through cross-participatiin Part A and Part B.” We are pleased to see
that the final Prospectus includes in section fagement explaining that such “communication
and interaction will be ongoing,” although our r@wiof Parts A and B drafts do not indicate
when and how that occurred. This should be so atelcc

Response: The Prospectus states that “communicatidimteraction between the two author
teams will be ongoing, primarily through cross-m#pation in Parts A and B, along with cross-
participation in meetings, conference calls, arfeéovenues for planning and generating the two
products.” In practice, this has been the case.dbtigor sits on both reports, the authors have
communicated on a variety of conference calls,taete has been cross participation in
professional workshops.

Section 6 of the draft Prospectus, titled “Revielg’s been revised as it will apply to the third
Draft. The final Prospectus now states (pp. 5-6) tRarts A and B will follow the process

third draft for final review and approval througlrACA [Federal Advisory Committee Act]

2 Section 5.1 of Part B, in discussing the “[u]sésdéenarios in [c]limate-[c]hange [d]iscussionstates (pp. 113-
16) that “[tlhere appears to be a rapid increaseterest now underway in considering climate-cleascenarios in
diverse decision and planning proce$sesl that “[t]his trend is strongest for plannarsl_decision-makers
concerned with climate-change impacts and adaptainphasis added). The section emphasizes thahsos
“can servé the needs of “extremely diverse decision-maReshile noting that “[d]ifferentclimate-change
decision-makers will have greatly differiimformation needs from scenarios” (emphasis addé@dp referenced as
needing such scenarios are “[iimpacts and adaptat@mnagers-including both national officials and others
responsibldor more specific domains of impact,” and “mitigatipolicy-makerswho are initially described as
“national officials making national policy and paipating in international negotiatiofidut they can also include
“sub-national officials when they share mitigati@sponsibilities or undertake mitigation initiati’éemphasis
added). In addition, “[m]tigation decision-makefemphasis added) are referred to. Finally, thigisn refers to
energy resourcend_technology manageais a “major group of climate-change scenario Uisbas are also called
“decision-makers(emphasis added). Many of these attempts to ifyesd-called group or individual “decision-
makers” seem to overlap. However, the Executive i8ary of Part B (p. 6) makes some effort to defing explain
three groups of decision-makers, namely, “natiaffidials,” “impacts and adaptation managers” aadérgy
resource and technology managers,” but in thattetibo there appears to be overlap.

% Indeed, Part B states (p. 71) that a “basic fhotiaclimate-change decision-making is that themeoi single
global climate-change decision-makBecause the dynamics of climate change operatenoultiple spatial scale
from the local to the global, it is not subjectuditary or coordinated decision-making. Rathegrgé number of
decision-makers with diverse responsibilities affiect and be affected by climate change” (empledited). Of
course, there is the collective decision-making:pss of the FCCC.
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committeeand the CCSP Interagency Committee and the Naticiahce and Technology
Council (NSTC)” (emphasis added). Section 9 offthal Prospectus, titled “Timeline,” states
(p. 6) that the FACA meeting “will be June 06" ahdt the third Draft will be submitted to the
“CCSP Interagency Committee for review” in “July.’0Bt least one commenter questioned the
FACA involvement, and the CCSP response was that

[t]he prospectus has been reviewed and modifieditivess FACA concern$he
prospectus now statésat a FACA committee will be formed to review fingal report
and responses to peer-review and public commeifdsebthese are sent forward to
CCSP interagency committee and the National SciandeTechnology Council (NSTC)
for final approvalnd then dissemination.

(Emphasis added.)

While we have not reviewed the relevant FACA chaotethe list of the FACA members and
their affiliations, we do not agree that the fiRabspectus adequately addresses the “FACA
concerns.” It is our understanding that the FACke iie an advisory one only and that it has no
“approval” role. Yet the final Prospectus expregsigvides that the FACA committee may not
only “review” the third draft of Parts A and B, baiso approve the draft along with the CCSP
Interagency Committee and the NSTC. This is imprajpeler the FACA statute. The CCSP
needs to correct the Prospectus and provide aamxipdn of what exactly the role of the
committee is regarding the third Draft of Partsmdl @, and when and how it performs that role
so that the public may observe its deliberationsrédver, a more up-to-date “Timeline” for this
SAP is needed.

Response: [November 13 Draft]

General Comment.The final Prospectus was substantially revisethmmdified,” particularly

with respect to Part A. Some of the revisions gjkeater direction to the Part A and B teams,
such as requiring the reporting of “reference casasg with each set of stabilization scenarios.
Some of the most significant revisions are undedias follows (pp. 1, 2 and 5):

This product will contribute to and enhance theang and iterative international
process of producing and refining climate-relateghgarios and scenario tools
This process has included, among others, effodetaken by the
Intergovernmental Panel on Climate Change (IPQ®)Qlimate Change
Technology Program (CCTP), and non-governmentainfigrsuch as Stanford’s
Energy Modeling Forum. Part A will contribute neeegarios to this process
based on the evolving state-of-the-art in integragssessment modeling and
building on lessons learned in the previous scerefforts. Part B will guide the
development and application of future scenarios

* % k% %

Stabilization in the scenarios will be definedenms of the radiative forcing
resulting from long-term combined effects of carllboxide (CQ), nitrous oxide
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(N20), methane (CkJ, hydrofluorocarbons (HFCs), perfluorocarbons (Bf@nd
sulfur hexafluoride (S§j. To the extent that participating models have the
capability to represent changes in the emissiomshsr radiatively important
substances (e.q., aerosols, aerosol precursguesirheric 0zone precursors) with
a sufficient level of sophistication and integritlyis information may be made
available by the individual modeling teams

* % % %

Four stabilization levels will be considered asaaib for the stabilization
scenarios. The four levels will be constructedrsd the CQconcentrations
resulting from stabilization are roughly 450, 5680, and 750 ppmvihe precise
specification of the radiative forcing levelisll emerge through the scenario
development process. Exact gfncentrations will vary among models because
the contributions of other greenhouse gases (Glitas}al radiative forcing at
stabilization will vary among modefs

The scenarios in Part A will be constructed to eepnt meaningful and plausible
futures that would be useful to decisionmakersamalysts. The scenarios will
not be constructed and coordinated to span thedutie of meaningful and
plausible futures, and the likelihoods will notdssigned to the scenarios.
However, as detailed explorations of futures thatlto stabilizatigrthe
scenarios will provide valuable insights into qims$ such as the following:

* Emissions Trajectories. What emissions trajectories over time are coestst
with meeting the four alternative stabilizationdés”? What are the key factors
that shape the emission trajectories that leadrbst@bilizatior?

* Energy Systems: What energy systecharacteristics are consistent with each
of the four alternative stabilization levels? Howght these characteristics
differ among stabilization leve?s

» Economic Implications: What are the possible economic implications of
meeting the four alternative stabilization levels?

Although the stabilization scenarios will be desidro lead to long-term
stabilization, the study period for the analysif b the period ending in 2100.
For this reason, in many cases, total radiativeifigrmay lie below the
stabilization target at the end of the study period

* % % %

* In the case of the “Final Report” on SAP 1.1 relijay temperature trends, the glossary (p. 140)ides a
definition of the term “greenhouse gases” thatudek “water vapor.” However, the definition witkettvord
“includes” is open-ended and thus not a complefmition. Does the CCSP intend that SAP 2.1 Partmd B
include a glossary also? Will it define GHGs asduseParts A and B in the same way, and will ibalsclude
“water vapor”? In short, there should be one ursakdefinition of GHGs for this and all SAPs.
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All scenarios and associated reference casessgilirae the continuation of the
United States’ greenhouse gas intensity targetgir@012 and the first
commitment period of the Kyoto Protocol, which a¢suals in 2012The reference
case will assume no policies focused explicithytloa global climate beyond these
near-term policies. In the stabilization scenaribese near-term policies will be
followed by a notional policy in which all nation$ the world participate in
emissions reductiorend the marginal costs of emissions reductiongquelized
across countries and regions.

Assumptions regarding land use and land-use chambgeth GHG sources and
sinks will be presented and discussed in the fiebrt. Because models have
varying capabilities to explicitly consider landeusnd land-use change, however,
such consideration will vary across models

(Emphasis added.)

The above revisions, which took about 10 monthgtdize, were very significant and quite
substantive, particularly the spelling out of tih®we assumptions. Yet to our knowledge, the
public was not given an opportunity to commentlogse assumptions or any of the other
revisions at any time during this 10-month peribdat is both unfortunate and inconsistent with
the requirements of the Global Change Researclof&290. It is also inconsistent with at least
one of the “general principles” of the CCSP Stretédan, namely, “Early and continuing
involvementof stakeholders,” such as EEIl and our members (asipladded). It also is
apparently inconsistent with another general ppilecinamely, “Transparent public review of
analysis questions, methods, and draft resultscbAding to the CCSP, it has “published
guidelines” to “help adherence to these principlesgich, among other things, “establish a
broadly standardized methodology that will factitavolvement of. . .the public” and that
“encourage transparency by providing public actessformation about the status of the
products.” Either such “guidelines” were not folleavin the development of the final Prospectus
for this SAP or the guidelines may be inadequatbil&We welcome many of these changes in
the final Prospectus, we continue to have someearascparticularly now that we have seen
draft Parts A and B.

Response: The comment is noted. The process ofogéveg this product has included a public
comment for the Prospectus, revision to the Prdaspdiased on the public comments, peer
review of a first draft of the report, public commi@n a second draft of the report, and a
Climate Change Program Product Development AdviSmynmittee (CPDAC) Meeting, open
to the public, to review a third draft of the repdiuture CPDAC meetings to review additional
versions of the report will also be open to theljguld he authors have appreciated comments
received during the reviews of the report and haaee substantial revisions in response to
these comments.

Regarding the assumptions, the Prospectus arésulém with no explanation of their basis or

why they were chosen. For example, the first drathe Prospectus and the final version
selected four concentration levels with a rangé5df to 750 ppm, rather than, for example, five
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levels and a range of 450 to 1000 ppm. At leastocomementer on the draft Prospectus
contended that

[t]here isno justification for the draft Prospectus. . .to idgnt450 ppm through 750

ppm’ as ‘the range of commonly discussed,C@nhcentration levels.’ In addition to
increasing the number of stabilization levels frimur to five to accommodate 1000 ppm,
it is essential to specify in advance the spacingabilization levels, as expressed in
ppm of CQ concentration. That is a policy, not a scientifiecision, and it is necessary
to avoid skewing the analysis by modelers latestelung stabilization levels around
targets they choose, e.g., 450, 500, 550, 6007a0gppm.

In response, the CCSP said that the “prospectubders modified to make clear the four
stabilization levels will be designed so that tesulting CQ concentrations approximately track
the four levels of 450 ppmv, 550 ppmv, 650 ppmwd @0 ppmv,” and that the “prospectus no
longer includes language indicating that theseasgnt ‘commonly discussed’ levels.” Indeed,
Part A states (pp. ES-3 and 4-2): “To facilitatenp@rison with previous work found primarily
on CQ stabilization, these levels were chosen so tleatafisociated C@oncentrations,
accounting for radiative forcing from the non-CGHGs, would be roughly 450 ppmv, 550
ppmv, 650 ppmyv, and 750 ppmv.” They “were choserlligstrative purposes only. They reflect
neither a preference nor a recommendation. Howéwey,correspond roughly to four of the
frequently analyzed levels of GConcentrations.”

Response: The language regarding frequently aralgxels has been removed from the report.
[November 13 Draft]

With respect to the 1,000 ppmv level, the respave not to include it “in the set of
stabilization levels, because, given the existiodybof scenarios to date, stabilization at 1000
ppmv would probably not represent a meaningful asw from the reference cases over the
period that will be considered in this stiidgmphasis added). That is not particularly
persuasive.

As stated in the response to comments on the Riaspetabilization at 1000 ppmv would not
require meaningful deviations from the referenansacios in this century. The reference
scenarios can serve those interested in scenhebsthbilize atmospheric concentrations at 1000

ppmv.

Moreover, according to Part B, the range of 450,600 ppm has been utilized in other
scenarios (e.g., “WRE [Wigley-Richels-Edmonds] ss@s”), which “illustrated the large cost
savings attainable by approaching stable concémtisathrough emission paths that initially rise
and then decline steeply, rather than beginningeergradual decline immediately.” Part B adds
(pp. 34-35):

Although these were not strictly optimal (cost-miiging) scenarios, they
demonstrated that this qualitative shape of emissijectory would tend to
reduce costs for four reasomsrst, it allows more time to develop technol@dic
innovations that lower the cost of emissions reidustin the futureSecondit
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allows lower-emitting equipment to be phased irhwibrmal capital turnover
avoiding premature abandonment of long-lived eqeipmThird, it takes
advantage of natural carbon-cycle dynamics, whrellgglly remove C®
emissions from the atmosphere and so allow mone ffoo increases in earlier
emissions than later emissions while still meethgconcentration target. And
finally, by shifting mitigation expenditures furthe the future, it reduces their
present value through discounting.

(Emphasis added.)

These four “reasons” are very significant and app@aonflict with the above CCSP response.
We question if and when the Part B team communilctitem to the Part A team and the CCSP.
Indeed, this raises a question as to what extdrredr both teams were involved in the
development of the various assumptions.

Response: As stated in the Part A report (seed@edtR.4), the emissions trajectories in the
stabilization scenarios are consistent with theseal conditions.

In addition, concerning the “study period” of 21100 “the analysis,” Part A points out (p. 4-3)
that “[t]here is a strong economic argument thatgation costs will be lower if abatement
efforts start slowly and then progressively ramppagoticularly for CQ.” However, the Part
adds that “[w]hat constitutes such a cost effectl@wv start” depends, not only on the
“concentration target” chosen, but also on theligbiof the affected countries “to make strong
reductions later.” Thus, while 2100 or 100 yearshsiously a long time, Part A states that “it is
not long enough to fully evaluate stabilization igda

Response: As stated in the response to commertkedtrospectus, stabilization at 1000 ppmv
would not require meaningful deviations from th&erence scenarios in this century. The
reference scenarios can serve those interestegmasgos that stabilize atmospheric
concentrations at 1000 ppmv.

As to the issue of the identification of “policiesne commenter said that the draft Prospectus
did not “require that the modeling groups specifyatvpolicies are used to achieve stabilization
scenarios.” The commenter noted that “[m]any pe$die.g., carbon taxes, tradable permits,
technology or performance mandates like (CAFEhalle varying economic impacts beyond
their narrow greenhouse GAS emission impacts. Wriles policies used to achieve stabilization
are carefully identified and characterized, therea basis to even ask for ‘economic
implications™ as called for in the draft Prospex{p. 2). The CCSP response was, as quoted
above, to assume not any such specific nationaipsllisted above, but for the reference case
to assume continuation of the President’s intergigl “through 2012” for the U.S. and for other
developed countries, the Kyoto Protocol first cotmmeint period, “which also ends 2012”
(emphasis added). According to the Part A drafthereference scenarios “these policies were
modeled as not continuing after 2012” (p. 4£2).

®> We question the statement that the commitmenbgégnds in 2012” and the implication, at leasattine “near-
term” policies are somehow not effective or conmguafter 2012. It gives the impression that thet&gol
commitment ends with the 2012 date and that theen@ icontinuing obligation on the Protocol PartiEzat is not
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As to the stabilization scenarios, those so-cdlhedr-term” policies are said in the Prospectus
to be “followed by a notion&policy in which all nations of the world participate in ission
reductions” (emphasis added). Part A, in factest#tat “these initial period policies were
superseded by the long-term control strategiese [atter are unrealistic, particularly with
respect to developing countries. Indeed, Part festdES-7) that “[a]lthough these assumptions
are convenient for analytical purposes. . ., theyidealized versions of possible outcomes.” In
order for the “results to be a realistic estimdteasts,” they “would require, among other things,
the assumption that a negotiated internationaleageat includes these features.” Part A points
out (ES-9) that “each of the modeling teams asdiinaiea global policy was implemented
beginning after 2012, with universal participatlmnthe world’s nations” (emphasis added).
However, Part A shows skepticism in stating (p.) 4hat “it seems unlikely that all countries
would simultaneously join such a global agreemdnif’states that “the assumption that all
countries participate provides a useful benchmarhlis, Part A explains (ES-7) that “it is
important to view these result(s) as scenarios usgiecified conditions, not as forecasts of the
most likely outcome within the national and intdromaal political system.”

Furthermore, the Protocol’s preamble refers toBadin Mandate, which expressly rejects new
commitments for developing countries. Neverthelggsnotion appears to be consistent with the
policy expressed by the Senate in 1997 when ittadiajpe Byrd-Hagel Resolution, S. Res. 98,
which applies not only to the Protocol but “anyesgment” under the FCCC. However, there is
nothing in the FCCC proceedings to date to indieatn a glimmer of hope for such a policy.

Response: In this spirit of this comment, the repow includes prominent, bold-faced text that
highlights the limitations and possible implicatoof the assumed perfeghere, when, and
what flexibility.

General Comment.In commenting on the draft Prospectus, one comenersiked whether
“there have been sufficient scientific advancesvarcoming the IPCC’s assessments of the
‘[u]lncertainties in converting emissions to concatibns.” The commenter added that

[s]tabilization scenarios involve methodologiesigamto those used in estimating
atmospheric concentrations resulting from emisssoefnariosTAR-Science, p. 224,
except, of course, that the process is inverses®aris levels and their time paths are
deduced for prescribed atmospheric concentratibnecessarily follows that

the case. Article 3 of the Protocol does not uaéword “end.” It provides that Annex | Parties kbansure that
their aggregate anthropogenic” g:©quivalent emissions of GHGSs" listed in Annex Atbé Protocol “do not

exceed their assigned amounts. . .with a viewdagimg their overall emissions of such gases bgaatt 5 percent. .
.in the commitment period 2008 to 2012.” The Protscobligation on the Parties is to reduce emissiby the
specified amount. It gives the Parties the windé®G98 to 2012 to achieve the obligation or comreititn
However, that commitment does not end in 2012 palgh the window closes for achieving it in 2012idad, both
the Protocol and the commitment remain viable arfdreeable after 2012. Similarly, in the case &f Bresident’s
“intensity goal,” the 2012 date is when his goabi®e met. But the President’s ultimate goal sltev and, as the
science justifies, stop and then reverse the groifbHGs — continues beyond 2012.

® Random House Webster’s College Dictiongtth ed. 2005) defines (p. 987) “notional” to méan. .expressing,
or consisting of, notions or concepts. 2. imaginant actual. . .3. having visionary ideas; givermhims;

fanciful..”
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stabilization scenarios suffer from the same uadsties that attend projections of
concentrations driven by emissions scenarios.

In reply, the CCSP said:

Response: (1&2) There are multiple uncertaintiescenario generation,
including those mentioned above and others, butFCkkieves that this product
will be useful regardless of the uncertainties.rdn@ary purpose of scenarios is to
facilitate understanding in situations of uncettgiWWe note that these scenarios
do notinclude aerosol forcings and their attendant uagares. Radiative
forcings_are restricteth CO,, CH, , N;O , HFCs, PFCs, and $frases for which
uncertainties are less severe than is the casefosols and dark particles.

(3) GWPs will not be used in the CCSP scenafib&se scenarios will be
generated by models that employ explicit represiems of the atmosphere.
Radiative forcing will be calculated explicitly #se sum of the radiative forcing
from the individual constituents.

(4) The Prospectus has been modified appropritdetyake clear that one section
of the final report will discuss the uncertaintibat surround the development of
stabilization scenarioglowever, no attempt will be made to conduct analr
uncertainty analysis.

(Emphasis added’)

Our examination of the final Prospectus shows Jphat the final Part A report is to include “a
discussion of key uncertainties surrounding theages” as well as a “summary section that
addresses issues important for interpreting amthusie scenarios.” That brief “summary” is
apparently contained on the last page of Part #l&svs (p. 5-12):

5.4.5 Decision-Making under Uncertainty

Finally, the problem of how to respond to the thi&aclimate change is
ultimately a problem of decision-making under uta@ty that requires an
assessment of the risks and how a policy mightaeduwe odds of extremely bad
outcomes. One would like to compare the expectedfiis of a policy against the
expected cost of achieving that reduction. By faagi®nly on emission paths that
would lead to stabilization, we are able to replogt costs of achieving that goal
without an assessment of the benefits. Moreoveengihe direction provided in
the Prospectus, the focus was on scenarios anshrant uncertainty analysis is
not possible to attach probabilities to scenar@msstructed in this way; formal
probabilities can only be attached to a range whecjuires exploration of the
effects of many uncertain model parameters. THeitaan important one, but
beyond the scope of the study carried out here.

" There is no explanation given in the final Prospgor in the above response as to why there @&@aence of an
“uncertainty analysis.”
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(Emphasis added.)

The CCSP Strategic Plan “sets forth general priesifor the S&A Products,” which include
“[e]xplicit treatment of uncertainties.” The aboparagraph does not comply with that principle.
There is no meaningful “discussion of key uncettas)” let alone even an indication of what
they are. Yet Part B expressly states (pp. 100#¢4t)“[r]epresenting and communicating
uncertainty is perhaps the most fundamental purpbseenarios(emphasis added). The Part
adds, “In particular, the role of uncertainty is@enario exercise is strongly linkexlscenario
complexity, richness and use” (emphasis addadjhort, it is critical that there be explicit
consideration and discussion of “uncertainties.”

Response: The authors appreciate the value of tantgranalysis. For this reason, the authors
have, as stated in the comment, suggested an af@muéure research that would include
exploration of reference and stabilization outconmeder uncertainty and explicit consideration
of decision-making under uncertainty, and they halge suggested sensitivity analysis as an
avenue for future research. Any of these effortald/@gonstitute an expansion beyond the
stipulated scope of effort of this CCSP Producesehscenarios involve the construction of
scenarios for five specific conditions where thedeling teams were to choose assumptions
(among many uncertainties) that they considereautble” and “meaningful”, and the authors
have taken care to make this approach to scenamtrriction clear in the report. In response to
the concern of the Prospectus with respect to teiogy the authors have also taken care to
indicate where, among the varying results fromtkinee models, there is evidence of key
uncertainties that influence the outcomes.

General Comment.Part A indicates that the stabilization scenartadisd by the Part will have
“implications” for energy use and electric powenggtion. In the case of the former, the Part
points out (p. 4-10) that the “lower the radiatfeecing limit, the larger the change in the global
energy system relative” to the Part A’s referermnario, although “significant fossil fuel use
continues in the all four stabilization scenarida.the case of coal, its “growth potential” will
apparently be curtailed “over the century,” althodlge models “project coal usage to expand”
under three of the four stabilization levels. Ie tase of the fourth.¢., Level 1), which is the
most stringent, the “global coal industry declimeshe first half of the century before recovering
by 2100 to levels of production somewhat largenttaaay” (pp. 4-10 — 4-11). The Part also
indicates that an important factor relative to ¢batinued utilization of fossil fuels is that afl o
the modeling assumes that “g8arts relatively modestly in all of the scenarimst grows to
large levels.” Although the Part cautions thatdkailability of geologic carbon capture and
storage (CCS) is “crucial,” it indicates signifitamcertainty with regard to CCS (pp. 4-13 — 4-
14).

Yet capture technology is hardly ordina€yeologic storage is largely confined to
experimental sites or enhanced oil and gas recoVégre are as yet no clearly
defined institutions or accounting systems to relgrch technology in emissions
control agreements, and long-term liability forretb CQ has not been
determined. All of these issues and more must $@ved before CCS could
deploy on the scale envisioned in these stabitimatscenarios. If CCS were
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unavailable, the effect on cost would be advefsese scenarios tend to favor
CCS but that tendency could easily change withediffit assumptions about
nuclear power that are well within the range ofertainty about future costs.
Nuclear power carries with it issues of long tetorage or disposal of nuclear
materials and proliferation concerns. Thus, eidrerviable options but both
involve regulatory and public acceptance issueseAbCCS and nuclear fission,
these models would need to deploy other emissibatement options that would
potentially by more costly, or would need to emmislarge breakthroughs in the
cost, performance, and reliability of other teclogiés._This study has not
attempted to quantify the increase in costs oféoeganization of the energy
system in stabilization scenarios without CT8&is sensitivity is an important
item in the agenda of future reseafch

CCS is not the only technology that is advantagestabilization scenarios
Renewable energy technologies clearly berseft their deployment expands in
both the MERGE and MiniCAM scenarios. Nuclear poaisp obtains a cost
advantage in stabilization scenargo®l experiences increased deployment,
particularly in the MiniCAM stabilization scenariobhe fact that no clear winner
emerges from among the suite of non-fossil pow@egsing technologies
reflects the differences among the modeling teagarding expectations for
future technology performance, market and non-mddators affecting
deployment, and the ultimate severity of futuressioins mitigation regimes.

(Emphasis added).

As to electric power generation globally, thera isrojection of “substantial changes in
electricity-generation technologies as a resusitabilizationbut relatively little change in
electricity demand” (emphasis added). Accordingaot A, the “impaosition of radiative forcing
limits dramatically changes [to] the electricitycta.” It states (p. 4-13):

The IGSM model responds to the stabilization saertar reducing the use of
coal and olil relative to the reference scenaripaexing the deployment of gas
and coal with CCS, and reducing demand. Howevédovatarbon prices,
substitution of natural gas for coal occurs inB&M scenarios. MERGE
reduces the use of coal in power generation, vexfanding the use of non-
biomass renewables and coal with CCS. The MiniCAdtlel reduces the use of
coal without CCS, and expands deployment of o#, gad coal with CCS
technology. In addition, nuclear and non-biomasgwable energy technologies
capture a larger share of the market. At the laasgent levels of stabilization,
i.e., Levels 3 and 4, additional biofuels are dgetbin power generation, and
total power generation declines. At the more-seirigstabilization levels,

81n 2005, the IPCC issued a Special Report titt@drbon Dioxide Capture and Storage” that “shows e
potential of C(gcapture and storage is considerable, and the foystsitigating climate change can be decreased

compared to strategies where only other climatagéanitigation options are considered.” It plac€&SCin the
context of other climate change mitigation optians;h as fuel switching, energy efficiency, rendesland
nuclear energy.”
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commercial bio-fuels are diverted to the transgmmasector, and use actually
declines relative to the reference.

In addition, “[e]lectricity-priced increases asesult of climate policyre smaller relative to

those for direct fuel use because the fuel inphtlenmportant, is only part of the cost of
electricity supply to the consumer” (emphasis ajldéde assumptions are that after 2012 there
will be new climate policies affecting all economii¢hat the “same marginal cost is applied
across sectors” (p. 5-5) and that costs will beagpout rather uniformly across such economies.
All of these assumptions are not only overly opsitici they are very unrealistic. Hence they
skew the results, raising serious questions alh@ulPart A discussion.

In the case of the U.S., Part A states that “adjast of the U.S. electric sector to the various
stabilization levels. . .is similar to the worldats,” which is a very broad statement. The report
adds (p. 4-15):

It is worth re-emphasizing that reductions in egezgnsumption are an important
component of response at all stabilization levelali scenarios reflecting a mix
of three responses:

* Substitution of technologies that produce theesamergy service with

lower direct-plus-indirect carbon emissions.

» Changes in the composition of final goods andises, shifting toward
consumption of goods and services with lower dipgs-indirect carbon
emissions, and

» Reductions in the consumption of energy services.

This report does not attempt to quantify the re&atontribution of each of these
responses. Each of the models has a differenf setlinology options, different
technology performance assumptions, and differexdehstructures.
Furthermore, no well defined protocol exists theat provide a unique attribution
among these three general processes. We simplyhaitell three are at work.

The Part’s treatment of consumption and technoisggo abbreviated and general, and
underscores a key deficiency of the scenarios amikis.

Response: (i) The authors believe that the repoxtiges expansive discussion of the elements
of the study design to assist readers in intemgetie results. In addition, Chapter 2, and the
discussions of the scenarios in Chapter 3 and viggaxtensive discussion of the limitations
and differences in the participating models th#tiance the final scenarios. (ii) To better
communicate the details of the underlying modets@ssumptions at a level not possible in this
report, the authors will make available to the pubtletailed documentation on the model
versions, and associated technology assumptions, pyblication of the report. References to
this documentation will be in the report where tibehnology issues are discussed. Such
documentation will produce information at a levelMbeyond what would be feasible for the
report itself, and interested parties will have dip@ortunity to understand at this level of detail
the differences between both assumptions and flw@aghes to technology used in the
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participating models. (iii) The authors have enlehihe text that describes technology and they
have attempted to better highlight information adhe presented in the report that already gives
indications of technology costs and performance.

General Comment.In its summary of the stabilization scenarios, Rarécognizes that the
various “assumptions are convenient for analyficaposes,” and that the scenarios present
“idealized versions of possible outcomes” and au@.”. .forecasts of the most likely outcome
within the national and international political sms” (pp. 5-5 — 5-6). However, Part A also
includes a brief section 5.4.2, titled “Consideratof Less Optimistic Policy Regimes,” which
makes several broad statements about policy tlbatidimot be a part of the SAP.

While this section is couched in terms of shariagnbng countries” the “economic burden of
emissions reductions,” it contains a brief disoms®f several policies and policy instruments
that do not appear to be appropriate for this Raeport. It also includes a brief comment about
cap-and-trade legislation and states, in a congdlutay, that “no” such “policy. . .has actually
been proposed by any legislature that has seridakgn up the issue of GHG mitigation.” This
is incorrect, as legislatures in the seven staeticpating in the Regional Greenhouse Gas
Initiative as well as California have either endobe are considering cap-and-trade legislation.
In addition, Congress has considered and votesvortap-and-trade proposals by Senators
McCain and Lieberman. In short, we question theiezy and value of such a portion of the
report.

Response: The referenced text has been removedised.

Table of Contents. The table of contents format for Part A is notyweseful and informative,
because it does not provide the contents for thieegnof Part A, in contrast to the table of
contents for Part B. The Part B format should b@ia@ to Part A.

Response: The table of contents will be improvetthéfinal draft.

Page 4-1, lines 45-46 and p. 4-2, lines 43-Z4e first clause of the sentence that begins on p.
4-1, line 45 states “that there has been no intenma agreement on a desired stabilization
target.” Similarly, on p. 4-2, lines 43-44, thesticlause states a lack of such “international
agreement on the desired level at which to stabikdiative forcing or the path to such a goal.”
While the statement about “no agreement” is corirebbth clauses, there also has not been
under the FCCC any discussion by the Parties thefashat constitutes a “stabilization. . .level
that would prevent dangerous anthropogenic intenie with the climate system” or any
attempt to reach such agreement, although somerasiand groups of countries have made
some comments or suggestions informally. We alsstipn the use of the word “desired” in
both clauses. Moreover, both clauses are unnegesmsdrsomewhat misleading. Both should be
deleted.

Response: Both clauses have been removed. [NovelBlieraft]

Page 4-2, line 43 to p. 4-3, line Ihe statement about the lack of a “consensus”aointg the
“sharing of burdens,” with its reference to thegge “common but differentiated
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responsibilities” contained in FCCC Article 3 iretbontext of a report on stabilization scenarios,
is inaccurate, particularly in light of the Kyotod®ocol's preamble reference to the Berlin
Mandate decision, 1/CP.1, which developing coustview as precluding commitments by them
to control or reduce GHG emissions.

Response: The phrase has been removed.

COMMENTS OF MOHAN GUPTA

What is the basis of relationship between projeetagssion scenario and corresponding
concentrations of long-lived trace species ovemiad, say, 100 years given potential changes in
atmospheric circulation, chemical interactions drehce, the lifetime? How this correction is
applied while creating concentration fields fromigsions?

Response: The earth systems components of the snadetiescribed in Section 2.3 of the
report.

COMMENTS OF CHUCK HAKKARINEN

Chapter 4, Page 4-28, Table 4.E5tablization of greenhouse gas concentrationscht efathe
levels listed (750 ppm, 650 ppm, 550 ppm, 450 ppitiyequire VERY SUBSTANTIAL
reductions of annual emissions from the currergliewf approximately 7 gigatons per year. For
example, analyses with the MAGIC model of Wiglelyakestimate that stabilizing atmospheric
concentrations at 550 ppm will require a reducbbemissions to 1 gigaton per year, which is
the level of global emissions that existing in 19Rudt another way, reducing emissions to 1
gigaton per year could be achieved by reducinggB@ the emissions from the 13 largest
emitting countries in the world, and holding ALL BER COUNTRIES emissions constant at
current levels (i.e., zero growth). Stabilizing aspheric concentrations at 450 ppm would
require even greater emission reductions, pertagkbal totals of 0.7 gigatons per year, or a
90% reduction globally from current levels. Stahilg concentrations at 650 ppm or 750 ppm
would require emission reductions from the curiggtgatons per year to perhaps 1.5 or 2
gigatons per year, respectively. These points shioelincluded in the chapter text, relevant
tables, and the Executive Summary to the synthmept -- these are the type of simple-to-
understand numbers that will be most understandalgelicy makers and general public alike.

Response: The authors appreciate the informatidherequirements of stabilization that have
arisen in other studies. This study, and its extendiscussion of emissions pathways and energy
system changes required for stabilization, shoalgibwed as a complement to these other
studies. This report provides, in great depth,rapgetive of the issues raised in the comment.

37



