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General Comments
Reviewer #1
The report is a very good work however Where the report discusses evidence
I may do just comment of past climate change, it clearly
identifies changes that may be
1-1 Gen As a final conclusion I will recommend X associated with changes in the solar
to concentrate more on the Sun and their forcing.
effects on the climate in the long run in
the Planet Earth.
Plus other 2 items:
1. According to studies made some Correct — this comment refers to an
time ago and base on studies of interval long before the influence of
12 Gen more than 400,000 year, the X humans, when the variations in
temperature cycles and CO2 in climate and CO2 were associated
the air go by cycles as the day with natural variability. The report
and night, only in cycles of more makes clear distinctions in
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Chapter #
Page #
Line #

Comment Text

revisions are required.
Revisions have been
incorporated as
Disagree; see "Notes on
Response."

suggested.
Agree, but see "Notes

Acknowledged. No
further response or
on Response."
Beyond scope of
report/chapter

Notes on Response

than 100,000 years, must of
them we as the human did not
have nothing to do, only the
SUN.

discussing natural variability in the
past, some of which is due to solar
influences. However, many
experiments with global climate
models demonstrate that the CO2
rise over the last 150 years due to
burning of fossil fuels is required to
explain the warming that the Earth
has experienced over the last 50
years.

2. If we take the Changes in
Mesoamerica in the last
12,000 years' and the changes
to the Rise and Fall of the

1-3 Gen Mayan empire and all the

changes in Mexico, Texas and

South of USA it is the

following, before the year 1500

ac

Again, these changes may be due to
solar forcing (although there is still
no consensus on this), it occurred
before the recent interval of rise on
CO2 associated with burning of
fossil fuels.

! Brenner Mark, Rosenmeier Michael F., Hodell David A., and Curtis Jason H. PALEOLIMNOLOGY OF THE MAYA LOWLANDS Long-term
perspectives on interactions among climate, environment, and humans. Ancient Mesoamerica, 13 (2002), 141-157 Copyright © 2002 Cambridge
University Press. Printed in the U.S.A.DOI: 10.1017.50956536102131063. Department of Geological Sciences and Land Use and Environmental

Change Institute (LUECI), University of Florida, Gainesville, FL 32611, USA
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3. El Nifio and their effect Again, we agree that these past
changes in ENSO may be a response
Some of the problems are because of the to past solar forcing.

human presence, however the amount of
rain the causes may be again the Sun and
the ENOS presence because of the
Pacific Ocean temperature.

El Niflo has been happening for at least
the past 130,000 years, the strongest
evidence for which comes from fossil
corals and lake sediments.

1-4 Gen X
% There has been a general tendency
toward an increase of El Nifio events
over the period of about 10,000 years
ago to the present.

» The El Nifio-Southern Oscillation
cycle is sensitive to changes in the
Earth's orbit, and this is well
documented over the past 10,000 years.
wChanges in  solar irradiance,
amplified by ocean-atmosphere
dynamics, may help explain drought
conditions over the past millennium.

El Nino's past

1-5 Gen [0 3000 B.C-Chemical signatures of X
warmer sea surface temperatures &
increased rainfall caused by El Nino
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appear in coral specimens at least this
old,some researchers claim to have
found coral records that hold evidence
of El Nino cycles more than a 100,000
years ago.

[J 1500 A.D-Fisherman off the coast
of Peru discover that periodic warm
waters hold down their anchovy catch.
Peruvian farmers notice the warm
waters lead to increased rainfall,
transforming normally barren areas into
fertile farmland. The warm current is
dubbed El Nino after the child Jesus,
because it usually appears around
Christmas.

[0 1700-1900-European sailors make
sporadic attempts at documenting the
phenomenon. Scientists become
interested in identifying its cause.

[J 1891-Dr.Luis Carranza,a Peruvian
geographer, publishes an article
associating El Nino with unusual rain
patterns & suggests it exerts "a very
great influence on the climate
conditions of (this) part of the world."

[1 1923-British scientist Sir Gilbert
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Acknowledged. No

further response or

revisions are required.

Revisions have been
incorporated as
suggested.

Agree, but see "Notes

on Response."

Disagree; see "Notes on

Response."
Beyond scope of
report/chapter

Notes on Response

Walker discovers that when air pressure
is high in the pacific, it is low in the
Indian ocean from Africa to Australia
and vice versa. His find, which he
names the southern Oscillation, is the
first indication that weather conditions
in distant parts of the tropical pacific
are connected.

[0 1969-Professor Jacob Bjerknes of
the university of California at Los
Angeles comes up with the first
detailed description of how El Nino--
now officially known as EI
Nino/Southern Oscillation or ENSO for
short--works.

[0 1982-83The strongest El Nino ever
recorded wreaks havoc around the
world. Related floods, droughts &
wildfires kill about 2,000 people
worldwide. Damage is estimated at $13
Billion. In the United States, the first
widespread attempts to study the
phenomenon begin.

[J 1997-1998An El Nino more
powerful than the record 1982-83 event
develops in the pacific. Warnings are
issued in mid 1997,& emergency
preparedness conferences are
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convened. By march 1998, El Nino-
related flooding & tornadoes have
killed dozens in Florida & the rest of
the U.S, Georgia experienced a tornado
killing over a dozen people
1 So what causes El Nino?
periodically, trade winds near the
equator weaken or reverse direction,
forcing a huge current of warm water
that seesaws back & forth across the
pacific. The warm waters pool off the
coast of Peru & raise the water 3 to 5
degrees
Reviewer #2
General, This review is as
comprehensive as it is well done, at
least for the topics chosen for focus.
One could argue there are other major
2-1 | Gen topics pertinent to abrupt climate X
change, or that each is too in depth for
a general readership. But the authors
emphasized their specialities, so it is
very up to date.
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The format for each chapter seems
awkward, requiring frequent “doubling
back” to topics introduced earlier; this
2-2 | Gen redundancy could be reduced. Graphics X
vary greatly in quality and
appropriateness — executive decisions
must be made on how to handle figures.

Reviewer #4

We believe the SAP is informative and
provides excellent characterizations of
the four types of abrupt climate change
that pose clear risks to society in terms
of our ability to adapt to their impacts.
The evidence presented about the
significance of and impacts resulting
from abrupt climate change is very
convincing. The evidence also leaves
the reader very uneasy because of the
number and types of unknown or
uncertain factors related to each of the
four topics covered. For example, if
one had to budget funds to conduct
research in any of these areas it would
be extremely difficult to decide
how/where to conduct research and
even more difficult to estimate what

4-1 | Gen
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results one could expect from such
investments. However, the fact that the
text leaves the reader with a sense that
(1) decisions about allocating resources
will be difficult and (2) the estimates of
research results are uncertain is a
testament to how well the document is
written and how well the document lays
out the challenges to addressing abrupt
climate change and its impacts.

4-2

Gen

Accordingly, we believe that the SAP is
well-written and provides useful
references to support statements made
in the document. We offer general and
specific comments for your
consideration when updating the SAP.

4-3

Gen

There are numerous typographic errors
within the document. Words are
needlessly repeated (e.g., “of of”” on
page 4-25, line 19) or misused (e.g.,
“year-to-tear changes”, instead of
“year-to-year changes” on page 4-22,
line 16). Acronyms are defined and
then redefined in the document. For
example, Last Glacial Maximum is
defined and then redefined throughout
the document. Please ask a technical
editor to review this document and
incorporate the appropriate corrections
into the next SAP draft.

The report is undergoing technical
editing.
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There are numerous terms and There will be an appendix listing all
associated acronyms within the body of acronyms.
44 | Gen thls SAP. It might be useful to add a X
list of acronyms as an appendix to the
SAP. Please consider adding a list of
acronyms as an appendix to the SAP.
Reviewer #6
General Comment: Overall, this is an
excellent report, focused on aspects of
climate change of great interest to
61 Gen §001ety .and providing useful glnd X
interesting depth on each subject—and
done in several ways (ES, Chapter 1,
starts of each chapter, full chapters,
etc). Compliments to the authors.
General Comment: Although especially The reviewer is discussing changes
applicable to the Land Hydrology that may influence weather, whereas
section starting on ES-6, line 1 and the we are discussing changes that
Recommendations section beginning on influence climate.
page ES-10: Regarding the
6-2 Gen hydrological case, what seems to be X
happening is that the rapid thinning and
reduction in extent and seasonal
duration of Arctic sea ice is
dramatically altering the timing and
extent of warming of the Arctic
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atmosphere by the underlying ocean.
This appears to be leading to a
significant reduction in the generation
of very cold winter air (the air at -40 C)
that each winter typically pushes
outward, southward over North
America and in so doing tends to,
during most years, keep the tropical
moisture to the south along the coast of
the Gulf of Mexico. Without
diminished generation of the very cold
air and reduced extent and duration of
winter air masses over North America,
the moist tropical air pushes northward,
and so we have, for example, the
tropical air reaching Wisconsin in
January 2008, causing tornadoes there
when met by a cold front (wintertime
air masses alone do not cause tornadic
outbreaks—it takes tropical air and all
the latent energy for this to happen).
Similarly, all this record-breaking
flooding results from the collision of
the cold fronts from the north and the
moist tropical air masses from the south
colliding further north than normal
(generally there is more cold air and the
collisions occur further to the south).
While some of this relocation may be
due to changes in ENSO and the SST
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changes that are talked about in the text
and have been part of variability in the
past, the really new feature is the
rapidly melting Arctic and the real
reduction in the air coldness brought on
from the north. So, the gradual
warming trend that is projected by
GCMs is being manifested not as a
slight warming of each type of air
mass, but a rather dramatic shifting of
the location where moist tropical air is
meeting the reduced cold air from the
north. This reduced production of cold
air is also likely contributing to the
increased drought in the western US,
allowing the subtropical circulation to
spread poleward. While I understand
that present modeling capabilities
(mainly analysis of their results)
focuses on the multi-decadal changes,
and so a focus on the likelihood of
increased drought in the western US,
what really does need to be done is a
much greater effort to analyze the
changes in weather patterns that are
occurring, and what these will mean—
very likely bringing abrupt changes in
the patterns and frequencies of extreme
weather, especially as the locations of
the intersection of polar and tropical air
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masses changes.
General Comment: The numbering The consensus of the committee is
system for this report is a bit confusing. that the current numbering system is
Figures are done by chapter and have adequate.
the chapter number as the first bit of
identifying information. Sections of the
report, however, are redone for each
chapter, but without the lead chapter
number, so they repeat in each section,

6-3 Gen and references from one chapter to X
another can get confusing. I would urge
starting each chapter subsection with
the chapter number, even though this
would mean that some of the
subsections go to 4-number identifiers.
I would also add that having so many
subsections labeled summary and
conclusions, etc., when this is just for a
particular subsection is a bit confusing.

Preface Comments
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Reviewer #2
p. 2, line 6, elsewhere, IPCC has a Referring generally to the entire
proper, recommended way to cite IPCC AR4 WG 1 volume as “IPCC,
2-5 P 2 6 | chapters or the whole WG I volume. X 2007 is consistent with usage in
NOT IPCC 2007. See one of their other SAPs.
chapters.
p. 4, line 17 “methane stored in...” [add Done.
stored]
2-6 P 4 17 X
p. 5, line 1 and throughout, sea-level Done.
with hyphen when used as adjective.
2-7 P 5 1 X
p. 6. FAC is used here but FACA later FAC acronym removed.
on
2-8 P 6 19 X
Executive Summary Comments
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Reviewer #2
p. ES-4-5, lines 28, 29 etc. Is the We have removed the specific
increased mass balance gain in interior explanation “result of high
73 Antarctica really an “interannual” interannual variability in snowfall”
2-9 ES 4 29 snowfall issue, or a response of the X
global hydrological system to warming;
ie a secular trend, not just internal
CLIVAR?
ES-5, line 15. Velocities increasing This is a generalization - It is an
twofold over what baseline rate? increase of more than twofold over
2-10 ES 5 15 X whatever the specific baseline rate
was for the specific glacier.
ES-6, line 23-24. 1 don’t mind the term
“boundary condition” but if the
intention here is to say no change in
radiative (“external” forcing like GHG,
211 ES 6 23- Volcgmc, solar, then it §hould be X
24 | specified what exactly is meant by
boundary conditions — for example,
there were changes in CO2
concentrations during the LIA, solar
variability is obviously
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ES-11. On the deployment of an We have added reference to RAPID
AMOC monitoring system, foreshadow program, as in Chap. 4.

2-12 ES 11 the RAPID program discussed in X
Chapter 4; since Bryden’s 2005 paper
made waves.
ES-10-12. The 8 recommendations We have extracted what we felt to
emphasize monitoring and modeling, be the most urgent recommendations
not paleo-reconstructions, even though for monitoring the current climate
paleo-records are the primary system. We agree with the
foundation for the majority of topics comment on the importance of the
covered in the report (North American paleoclimate record, and such

7-13 ES 10- droughts, methane variability, abrupt % recommendations are provided in

12 MOC changes etc). One could in fact the more extended list found in each

argue, that the abrupt SAP 3.4 report chapter. We have combined these
itself would not exist if it were not for chapter-specific paleo
paleo-evidence for abrupt climate recommendations into one more
reversals, later confirmed by climate generalized recommendation (now
models, and at least to some, the last #9) in ES.
few decades of satellite monitoring.
Reviewer #7
Background:
The Research Council, as part of its
major project oversight duties for the

7-1 ES . . X
Climate Change Science Program
(CCSP), was asked to review the draft
report for CCSP Synthesis and
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rate faster than the cause.
Alternatively, abrupt
change can be viewed in
terms of human or natural
systems having difficulty
adapting to the rate of this
change. A single short-
term extreme event should
not be considered as abrupt
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Assessment Product 3.4: Abrupt
Climate Change.
The Research Council Exec Sec sent
the document to all Research Council
members and to specific NOAA staff
that were identified to review the
document. Following are the
consolidated Research Council
comments.
Comment 1 (Major): What defines a i. We agree with this comment and
climate change as abrupt? have taken care to ensure that our
definition excludes such events,
i. Executive Summary, page 1, line including in our prospectus. Our
13-15. definition:
Abrupt climate change can
be defined in different A large-scale change in the climate
ways, for example when system that takes place over a few
the climate system enters a dec_a(_Jes or less, pe_rsists (oris
13- new regime via irreversible anticipated to persist) for at least a
ES 1 : .
15 mechanisms/processes at a few decades, and causes substantial

disruptions in human and natural
systems.

explicitly states that for an event to
be characterized as abrupt in our
report, the change must persist (or
be anticipated to persist) for at least
a few decades. Climate extremes are
the subject of Synthesis and
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projections should be considered more
carefully according to recent
understanding of climate prediction as a
seamless problem. Multi-model
consensus is not a sufficient criterion.
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climate change, so long as Assessment Product 3.3, “Weather
the regime characteristics and Climate Extremes in a Changing
are not changed. Climate.”
ii. Executive Summary, page 6, line
8-11; and Chapter 3, page
1, line 19-22. ii. We disagree with this comment.
A severe drought "not It is not clear to us what is meant by
reflecting a permanent a permanent change. Our definition
change in the state of the X of abrupt climate change was
climate system" should not carefully crafted after extensive
be regarded as abrupt discussions at our first public
climate change. This meeting. Through consensus we
report failed to distinguish agreed to attach a timescale to the
abrupt climate change from persistence of change (longer than a
climate variation within few decades). We also selected to
one regime. add into our definition that the
change had to cause substantial
disruptions to human or natural
systems.
Comment 2 (Major): How to build We acknowledge the importance of
confidence in model scenarios? assessing model simulations of
variability. However, SAP 3.4
Executive Summary, page 3, line 4-9. (Abrupt Climate Change) is not the
ES 4.9 Those conclusions derived from model X appropriate forum for undertaking

this task. We refer the reviewer to
Synthesis and Assessment Product
3.1 “Climate Models: An
Assessment of Strengths and
Limitations” and in particular the
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Climate is a highly nonlinear system, in section on how well climate models
which different scale processes interact simulate natural variability and how
with each other. Model systematic this variability changes over time.
biases, not only in climatology but also
in variability, can propagate across
spatial and temporal scales,
contaminating long-term projections.

To increase confidence in model

scenarios of abrupt climate change,

verification of model simulations of

variability, in addition to the mean, for

the current climate state should be

considered in this report.

Comment 3 (Minor): Editorial Done.
13- Executive Summary, page 2, line 13-

7-4 ES 2 14 14. X
Change “extremely unlikely
probability” to “extremely unlikely:
<5% probability”.

Chapter 1 Comments

Reviewer #2
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1-2. Historically, one could argue
Broecker’s work on abrupt climate
reversals based on marine and deglacial
2-14 2 oOnshore records had more or as much
influence as the ice cores, though DO’s
were important and both emerged in the
mid 80s.
1-2. Am I correct to interpret the As we understand it, the reviewer is
footnote to mean, the authors use the raising the question as to whether
term “forcing” differently from IPCC’s there is any forcing other than
radiative forcing. [PCC and others view radiative forcing. We have added to
2-15 2 internal “unforced” variability as the footnote examples of other
“noise”, please clarify this important forcings, namely freshwater forcing
point, as the opinions of the SAP 3.4 and changes in sea-surface
report are important and perhaps more temperatures.
reasonable than IPCC>
1.15, line 3 spell Herweijer
2-16 15
Chapter 1. In the discussion of sea This point is made, but with
level. Shouldn’t authors cite Meier’s reference to IPCC AR4. Itis
studies of alpine glaciers right here; he important to keep in mind, however,
2-17 and others believe glaciers will be the that we do not expect any abrupt

primary ice-melt contribution to sea
level rise during at least the 21st
century [with Greenland and/or
Antarctica playing a larger role later]

changes in sea level from glaciers
and ice caps.
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1-24. Why is this uncertainty box This is just for the draft — actual
placed here? placement will be in final published
2-18 24 X where Box is referred to in text.
Figure 1.1. Strictly speaking the top Although the Greenland record is
panel is not the true Arctic, if [ am not a perfect temperature record, it
correct, it’s a Greenland ice core and is primarily temperature, as shown
the O-18 is not a perfect temperature by the gas records (N and Ar).
record. I also wonder why authors Moreover, it is the best record we
7-19 31 chose this time interval, rather than X have for high northern latitudes, and
let’s say the last 40,000 years in which where other high-latitude records
glacial DO variability contrasts with exist, they share the same
deglacial (B/A, YD etc) and lower characteristics. Finally, we chose
amplitude Holocene variations? this interval to show the frequency
and amplitude of the abrupt changes
being discussed in the text.
Figure 1.2 in caption, mention the Gulf
of Mexico, which dominates the map.
2-20 33 X
Figure 1.3 Map only has red and blue
line, how does this tell you # of melt The incorrect figure caption
2-21 33 days? X was provided. This has been
corrected.
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Figures 1.6, 1.7. There’s quite a
contrast in the style of graphics — the
complex ocean circulation versus the
222 1 36- wo.nd.erful picture of the Emerald I;le x
37 [this is so for other figures too]. Give
some thought to the audience and
which route you want to take on the
types of graphics.
Reviewer #4
Chapter 1, Page 1-3, Lines 14-16
The text in these lines states: “Finally, This statement is made in the
improvements in modeling of the context of the introductory front
climate systems have further reduced matter, similar to the statements
uncertainties in assessing the likelihood immediately preceding it which
of an abrupt change.” It would be similarly indicate progress in other
helpful to the reader to describe some means of examining abrupt climate
14- of the “reduced uncertainties™ at this change. This context should be
4-5 1 3 16 point or at least be more specific where X clear, and specific examples follow
the discussion could be found in the both in this chapter as well as in
SAP. In subsequent drafts of this SAP, subsequent chapters. In this context,
please consider (1) incorporating within we do not see the need to provide a
Chapter 1 examples of how pointer to specific places where this
uncertainties have been reduced or (2) discussion occurs.
within Chapter 1, clearly point the
reader to where the discussion on
reduced uncertainties occurs in later
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chapters within the SAP.

Chapter 1, Page 1-6, Lines 14-17;

Chapter 1, Page 1-8, Lines 27-28;

Chapter 1, Page 1-10, Lines 1-7; and

Chapter 2, Page 2-4, Lines 5 and 11

The text on page 1-6, lines 14-17 states

that “physical processes that may be

governing” dynamical responses to

warming of the ice sheets were not

included in the ice-sheet model

projections used in the

) 6.8 Intergovernmental Panel on Climate
4-6 1 o Change Fourth Assessment Report. X
10 . : :

However, this deficiency is not

included in the recommendations (in

Chapter 2) which address model

deficiencies. We believe this

deficiency should be included within

the recommendations (in Chapter 2) to

address the model deficiency noted on

page 1-6. Accordingly, we recommend

that the text on page 2-4, line 5 be

revised to read: “ ... investigations of

physical processes ...”

* Comment 4-6, 4-7 and 4-8 refer to text in both chapters 1 and 2. Revisions were made in chapter 2 based on the recommendations in these comments.
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For the same reason, we also suggest
6.8 that the recommendation text on page
4-7 1 iO ’ 2-4, line 11 be revised to read: “... X
modeling of ocean/ice interactions and
physical processes ...”
These changes to page 2-4, lines 5 and
11 will also help address those
deficiencies described on page 1-8,
6, 8, lines 27-28 and on page 1-10, lines 1-7.
4-8 1 ) ) X
10 Please consider making the suggested
text amendments to page 2-4, lines 5
and 11 in subsequent drafts of this
SAP.
Reviewer #6
Page 1-2, lines 7-8 (and late in that We have added an additional bullet
section): I think it should be made clear later on this page to make this point.
here that just because there was not a
change in radiative forcing does not
mean that the abrupt change did not
have a cause. For example, at least
-4 1 2 - > X
6 7-8 some of the abrupt changes during the
glacial period were apparently due to
releases of meltwater ponds, etc. What
needs to be conveyed, it seems to me, is
that the climate system does not seem
to just spontaneously go through an
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abrupt change—it appears that there are
causal mechanisms (reasons) for such
changes happening, and that these do
involve aspects of the system that are at
least potentially predictable—and not
just random.
Page 1-2, lines 16-22: The statements We believe that the third bullet
here would benefit by adding that there makes this point already.
65 5 16- | is no real indication that global changes
22 | occur randomly, but do, as is noted,
occur as the result of interactions of
processes and components.
Page 1-3, lines 3-4: We really do not We consider the possibility of
know that the changes were unforced— forcings other than radiative (such
this assertion should be caveated in as freshwater) under the general
6-6 3 3-4 | some way—it is perfectly possible that term “forcings.” We have added
a forcing (other than a radiative text to indicate that many changes
forcing) caused the change (e.g., an ice appear associated with some
dam limiting glacial meltwater release). forcing.
Page 1-3, line 17ff: It might be helpful We believe that this level of
somewhere to note that climate itself is clarification is not needed for this
defined as the average of conditions report.
over a few decades (typically 30 years).
6-7 3 17 In this regard you might also need to
define climate fluctuation and/or
climate variability. You might also add
that a change in climate would
normally involve changes in the
patterns and frequencies of weather and
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extremes.
Page 1-4, line 16: You might want to This information is addressed
note here or elsewhere that other types elsewhere in this chapter and in
of hydrologic changes are also possible, Chapter 3. The context of the
even likely, in that warming globally statement in question here is that of
) leads to more precipitation and our greatest interest for this report,
6-8 4 16 continuation of trends to greater X namely the possibility of drought.
extreme precipitation, and in addition, In addition, the question of extreme
there are shifts in major precipitation events (flooding, extreme
bands, so an increased frequency of precipitation) is addressed in another
flooding is certainly also possible. SAP.
Page 1-5, line 13: On a recent visit to We cannot add reference to a
JPL, they suggested the rate of sea level number that has not been published
6-9 5 13 | rise over past year or so was up to near X yet.
4 mm/yr, so you might indicate that the
trend appears to be accelerating.
Page 1-7, lines 8-9: Given that sea level Current ice volume is ~65 m. At
was down about 120 meters during the LGM, it was 120-130 m. So at the
6-10 7 8-9 | last glacial, and resent ice on land is X LGM, the excess ice volume was ~2
near 75 meters, saying more than 2.5 times greater than the present
times as much might be more accurate. volume, as stated.
Page 1-7, line 28 to Page 1-8, line 6: At It is correct that the central part of
his AMS seminar last November, Greenland is well below sea level
6-11 7 28 | Konrad Steffen showed a plot of the X but only a few glaciers connect the
depth of land underlying Greenland coast to the depression (i.e.,
(included here as Figure 2.10), and Jakobshavn Isbrae). Inso as far as
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Chapter #

Page #
Line #

Comment Text

revisions are required.
Revisions have been
incorporated as

suggested.
Agree, but see "Notes

further response or
on Response."

Acknowledged. No

Disagree; see "Notes on

Response."
Beyond scope of
report/chapter

Notes on Response

quite shockingly, most of the interior
part of the Greenland ice sheet is
resting below sea level. Indeed,
although there are only a couple of
fjords connecting that depressed area to
the open ocean, this report should make
clear that most of Greenland is actually
grounded below sea level, and so is
likely very vulnerable, especially as it
is at lower latitude than the West
Antarctic ice sheet. The differentiation
suggesting that West Antarctic is more
vulnerable seems to me somewhat
outdated, being based on the now-
mistaken view that the Greenland ice
sheet was resting on mountains above
sea level. This is not the case except
around the edges—so it is more than
just the Jakobshavn Isbrae that is
vulnerable.

we currently understand, WAIS
remains more vulnerable because so
much of its area grounded below sea
level is directly connected to ocean.

6-12

10

Page 1-10, line 8 and following: There
does not seem to be mention that
precipitation bands can shift in
location, making some areas much
wetter. As noted in the general
comment, with less cold area coming
out of the Arctic, warm, moist air is
going to push further north, with the
heavy rains coming at the intersection
of these air masses shifting to new

We disagree with this assessment of
the controls on precipitation by
collision of air masses, and instead
attribute any large changes in
distribution of precipitation to large-
scale changes in circulation that
govern moisture flux and vertical
motions (large-scale uplift).
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regions, or at least to new seasons.
Page 1-19, lines 20-30: While the ocean Such potential changes in
circulation may not change abruptly, atmospheric behavior fall under the
the atmospheric circulation can change, purview of changes in regime shifts,
shifting, for example wave number or which is not within the scope of this
shifting position. Some mention should report.
be made of the fact that just because the
ocean is changing gradually, the
6-13 19 20- | atmospheric circulation, and therefore X
30 | the weather affecting various regions,
can shift suddenly (e.g., shifts in NAO
can quite dramatically shift the weather
in Europe and be indicative of weather
shifts elsewhere around the NH, etc.)—
and it is, after all, the weather that will
be how most people experience the
change in the AMOC.
Page 1-21, lines 5-6: What is more Our focus here is not on danger as
important about methane when defined by the EU, but on abrupt
considering the potential for abrupt change. We agree that policy
change is that on a 20-year time scale makers should consider this issue
6-14 21 5-6 | (the time during which abrupt change when considering short term

would happen) the GWP compared to
CO2 is 72 (or something similar), so
there is a very large near-term influence
that fades away faster than CO2 due to

emission reduction schemes, but
calculating the CO2 equivalent of a
methane change still requires the use
of the 100 year GWP. To address
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the chemical destruction of methane this issue, we have added the
(lifetime just over a decade). So, following statement:
methane is a really, really important ON SHORTER TIME SCALES,
issue for the near term. Given we are METHANE'S IMPACT ON
near to a CO2 equivalent now near 450 RADIATIVE FORCING IS
ppmv (discounting the very short-lived HIGHER.
aerosol effect), putting us near a
warming commitment that would be
over the EU’s “dangerous” temperature
rise of 2 C over preindustrial, an
increase in methane has the potential to
rapidly push the temperature rise
upward, not only abruptly, but to a
level above “dangerous”—by their
definition.
Page 1-24, lines 4-5: Given that Arctic Because permafrost hydrate is
sea ice is melting more rapidly than relatively deep in the terrestrial
models have been projecting, and this is sediment column the temperature
looking as if will continue, and that this signal will take a long time to get
really greatly shortens the period of there, under any scenario. So from
very intense cold as the sea ice is too the perspective of hydrates this is
thin to insulate the atmosphere from the not a concern. From the wetland

24 | 4-5 | underlying ocean, can one really say perspective the uncertainties in

with such high confidence that a quite future methane emissions from high-
rapid warming of permafrost areas and lat wetlands are due more to the lack
consequent acceleration in the loss of of understanding and predictive
methane could not occur? I would capability in how the landscape will
suggest that the relatively rapid retreat respond to permafrost thaw (e.g.
of sea ice, the increasing deterioration considerably more wetlands or not)
of the Greenland Ice Sheet and adjacent than uncertainties in the extent and
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ice bodies, and the retreating snow timing of permafrost thaw. We have
duration and cover, suggest that greater addressed this issue by highlighting
than projected permafrost thawing is in the text that the pace of climate
possible, so this statement should not change is accelerating, particularly
be indicated with such high confidence. in the arctic.
Page 1-33, Figure 1-2 and caption: This We have added a sentence in figure
plot shows land areas less than 6 caption to distinguish between what
meters. It is not at all clear that these is shown relative to the point raised
would be the boundaries of the land by the reviewer.

with a 6-meter sea level rise. Sea level
is given as a mean level, so there are
tides that take sea level higher and
lower than the mean. The present
shoreline has become hardened to its
level (with dunes being created,
mangrove growth, etc.) that it is not at
all clear would be duplicated at the
6-16 1 33 boundaries shown, especially given that X
sea level will be rising so that there is
little time for hardening of the new sea
shores compared to the thousands of
years that we have had the near
preindustrial sea level. Quite likely, the
new seashores will be much more
vulnerable to storm surges and wind-
driven waves, etc., meaning that the
actual seashore could be a good bit
further inland. The caption should at
least somehow indicate this potential
vulnerability, and that all that the map

SAP 3.4 Public Review Comments - Combined 10/7/2008 Page 30



Comment from Peer Reviewers

Author’s Response

— (=

< . o

£ B s g 8

: seslf | 2 |3 |

O -c n O o 9 -w = = ©

o o2 9 T 5 IR, Q _ o=

= 52| 285 = £ "ol o F

3 ¥ Low 288 38 |ga 2%

= 2 # % 2.5/ c6¢S® .3 25 TS

2 o o e 228 82 24| 5E

D < © c o 5 > 2 S 5 o c Lol o 8

o 3 O & | — | Comment Text <s = XED| <O 0@ A= | |Noteson Response
shows is the best estimate of the 6-m
elevation, which is likely the minimum
amount of inundation/land loss that will
occur.

Chapter 2 Comments

Reviewer #2
2.2, line 2 as velocities increase and ice True, as shown at Larsen B.
shelves collapse drawing down interior

2-23 2 2 | ice from Antarctic Peninsula X
2.2, line 9 causes and mechanisms ARE We removed this paragraph
[plural] not well understood [actually

2-24 2 9 | they are fairly well known] X
2.4, lines 16-18. Actually, early We modified the text

16- Cenozoic paleo-reconstructions and

2-25 4 18 modeling suggest there was ice in the X
Eocene, is oscillated at orbital
frequencies, and some authors thing the
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Cretacerous Paleocene as well. So 35
Ma is not the onset of Cenozoic of
land-based ice.
2.5, line 25. the SL-equivalent of
Greenland ice, be sure the same value
2-26 2 5 25 | is given throughout report [5,6,7 m]. A X
meter is a lot of SL rise.
2.8, line 23 and earlier in text. Be
consistent referring to Jakobshavn Isbra
2-27 2 8 23 | as a glacier, ice tongue etc X
Section 2. Other than brief mention of Sources of past sea level data as
coral records, this sea level ice volume from corals are reflecting change.
section misses the important source of Paleo-shorelines — see also
past sea level data from paleo- 2.10,lines 4-10
shorelines — in fact the GIA models are
2-28 2 9 1 | built on paleo-shorelines for the X
deglacial-Holocene. Add a paragraph
on shorelines at least on shorelines and
emphaize the ICE GIA model is in
1000-year timesteps, not really policy
relevant.
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2.12. The Cenozoic CO2 climate We modified the title of this section:
linkage briefly discussed here does not Sea level changes during the past
do justice to the complexity of the
2-29 2 12 issue, the problems with proxies and it X
really doesn’t belong in a discussion of
post-LGM and LIG ice volume.
2.13. The deglacial rates of SL rise are True, the deglaciation rates for
cited many times in the report, Antartica were discussed in 1.1, 2.1
2-30 2 13 eliminate redundancy. X and 3.3.2, but in a different context
(paleoracord, reconstruction of ice
sheets, and uplift rates)
2.21. lines 11, 12. superscript per
11 | annum symbols
2-31 2 21 X
12
2.31. Considering the in depth Removed lines 18-23
treatment of glaciological evidence in
preceding pages, the statement we must
rely on temperature to deduce past
glacial growth and decay rates does not
at all do justice to the many excellent
regional alpine glacial studies on all
2-32 2 3 continents [Alaska and Canada are X
some of the best studied], many with
excellent chronology and independent
proxy records [e.g. lake records, in
addition to glacial features], some with
valuable information about variability
during the MWP and LIA. This section
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gives the false impression we do not
know much about glacial history, but
we in fact do!
2.36, line 24. Don’t imply really warm Changed to: The interaction
water is in contact with glacier margins. of warm ocean waters with
2-33 2 36 | 24 | Rephrase “Interaction of ocean water X the periphery of the large
with the periphery” ice sheets
2.37, lines 5-7. See Domack’s Domach’s paper in Nature (436,
Holocene history of ice shelves. 2005) proposes a thinning in the
Holocene, but there is no adequate
.34 ) 37 |57 X obs.ervatlonal c.iata base agalqst
which to definitely correlate ice
shelf thinning or collapse with
warming of the surrounding ocean
waters.
2.37, lines 29, 30 Italics for names Only literature references will be in
29. italics in this document.
2-35 2 37 X
30
2.39, line 30 “the global ocean”
2-36 2 39 30 X
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2.39/2.40. discussion of ocean warming Correct, but ocean temperature
and melting is simplistic, Levitus’ measurements are lacking close to
analyses were very region/depth the ice margin.
39- . ; :
2-37 40 specific, so there is no need to imply
general oceanic warming is relevant,
it’s the ocean system immediately
adjacent to an ice sheet margin.
2.41, line 10. “the outcome”
2-38 41 10
2.47, line 1. Not “western half”, say
WAIS
2-39 47 1
Figure 2.2 at end of chapter is not very This graph illustrates well that ice
useful. sheets (Greenland and Antarctica)
2-40 75 % mlght not respond to “rapid '
increase of CO2 (hence warming)
unless we consider ocean interaction
and ice dynamics.
Chapter 2: General. Given the detail This will be addressed in more detail
devoted to land-based ice, it is striking in Chapter 4, Box 4.4.
there was no attention given to sea ice
2-41 which is extremely dynamic even over
seasonal timescales, has several strong
feedbacks [albedo, insolation, carbon-
nutrient biogeochemical processes etc],
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and is implicated in many studies as
important in abrupt climate transitions.
Reviewer #4
Chapter 2, Page 2-2, Line 9 This bullet has been deleted

The text on this line reads: “The cause
and mechanism of these meltwater
fluxes is not well understood ...”;
however, none of the Chapter 2

4-9 2 2 9 | recommendations (about addressing X
deficiencies) highlights this
deficiency/issue. In subsequent drafts
of this SAP, please consider amending
the recommendations in Chapter 2 to
highlight this deficiency/issue.

Reviewer #6
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Page 2-1, line 22: Shouldn’t Thanks for spotting this error
“decreased” be “increased”?
6-17 1 22 X
Page 2-2, lines 3-6: To make really Text has been revised and more
clear that this covers two different information was provided. However,
periods, this point should be made into we disagree with the statement that
two sentences (or maybe into two the glob al average temperature in
points). And, regarding the Eemian, it the Eemian; in fact we suggest it
6-18 2 3-6 | should likely be noted that these X was up by as much as 4 C as quoted
warmer summer conditions were a in the revised text.
result of orbital changes and that The orbital changes were mentioned
globally, the average temperature was in the text.
up perhaps 1 C, so significantly less
than is projected for the 21* century.
Page 2-2, lines 9-11: It is not clear to This bullet was deleted
what this statement applies. As noted in
the comment on lines 3-6, it should be
said that it was orbital element forcing
6-19 ) 9- | that contributed to the warming during x
11 | the Eemian—that is reasonably
understood. If this statement applies to
the melting after the Last Glacial
Maximum, then this needs to be made
clearer.
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Page 2-2, line 16: As noted in another This bullet refers to ice masses
comment, Konrad Steffen’s visual from grounded below sea level connected
the AMS talk last November showed to the coast. It is correct that the
6-20 2 16 | most of interior Greenland as being X central part of Greenland is well
below sea level—not just a few (large) below sea level but only a few
ice streams. glaciers connect the coast to the
depression (i.e., Jakobshavn Isbrae)
Page 2-3, lines 19-25: It needs to be GRACE measurements are
made clearer why the GRACE important as they give e to total
observations (that give changes in mass change, but [ would disagree
mass) are so much more important than that RADAR measurements are no
the radar observations that give only longer needed or less important. The
change in volume. With the volume RADSAR derived ice velocities
measurements only, we had been together with ice thickness give us
19- | making a serious error with regard to mass loss at the margins of the ice
6-21 3 . X .

25 | what was happening to Greenland, sheet, hence provide us where the
having to make the assumption that dynamic plays an important role.
density was remaining constant. With We need to understand the processes
that now indicated as a poor better and therefore need ice
assumption, we absolutely have to have velocity (RADAR) and ice
the gravity observations, whereas we thickness.
could survive without the radar
observations.

Page 2-4, lines 18-21: What I would Unfortunately, this rate is not
really also like to have is the rate of SL known.

18- | rise occurring leading into the Eemian

6-22 4 . : :

21 | rather than jumping to the rate of rise
after the Last Glacial Maximum. Can
you say what is known about this?
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Page 2-5, lines 3-5: The phrasing here Clarified and revised:
is confusing. Saying that the rate of ice Rapid changes in ice-sheet mass
loss is increasing would be clearer, have surely contributed to abrupt
especially in that it is next said that the changes in climate and sea level
rate is accelerating. in the past. The mass balance
6-23 5 3-5 loss of the Greenland Ice Sheet
increased in the late 1990s to
100 gigatonnes per year (Gt a™)
or even more than 200 Gt a™* for
the most recent observations in
2006
Page 2-7, lines 7-11: It would help to Ice tongues and ice shelves are of
7. give an indication of ice shelf and ice similar thickness for large glaciers
6-24 7 11 | tongue thickness to compare these rates (400-800m). Small glacier tongues
to. can be a thin as 50 m.
Page 2-8, line 23: Konrad Steffen’s plot Added Petermann, Humboldt, and
of underlying geography of Greenland 79N glacier in this comparison
shows two additional inward reaching
6-25 ] 23 fjord in the northwest and northeast
coastlines of Greenland—so, with a bit
more warming, there may be as many
as three outlets for the main part of the
Greenland Ice Sheet.
Page 2-8, lines 27-30: It would sure be Lines 27-30 do not refer to the
helpful if ways that could block these channels below sea level. I assume
6-26 3 27- | channels could be described. Dams you refer to the channels leading to
30 | may be hard to construct under such the interior of the ice sheet in
conditions, but might there be a way— Jakobshavn, Petermann, Humboldt
possibly with inflatable dams or and 79N glaciers. I cannot answer
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something similar. this geo-engineering question.
Page 2-10, line 20: This section does Accurate global ocean surface
not seem to have any discussion of the height observations became
inability of observations to explain the available from 1993 with satellite
observed sea level rise of the 20" altimetry. Before that data, SLR was
century (or as the IPCC indicated, from derived from coastal water height
the 1960s to present, except for the measurements which are known to
period since 1993. While the new have a regional signature. This has
Church and colleagues paper explains been discusses in the previous IPCC
6-27 10 20 part of this is due to problems with reports
ocean measurements, there should be
some discussion of the differences in This section discusses past SLR of
what has been observed and what we the past 100k y.
can explain—if not in this section,
somewhere—as the problem might well
be due to uncertainties in what has been
happening to the ice sheets.
Page 2-10, lines 21-22: Though This sentence has been deleted as it
clarified a bit in succeeding sentences, was misleading.
this statement is seriously misleading
’1- (remember that key statements can get
6-28 10 2 taken out of context—and this could be
one of them). Prior to the preindustrial
period, global sea level had been
amazingly constant for at least several
thousand years. Phoenician salt flats in
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revisions are required.
Revisions have been
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suggested.
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on Response."
Beyond scope of
report/chapter
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