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The authors thank Anonymous Referee #1 for the careful reading and for the construc-
tive comments on the manuscript. They helped us to re-structure our ideas and to
present them more clearly.

The present answer gives a point-by-point response to the comments of Anonymous
Referee #1. The referee’s comments are in italic font and the author’s response in
upright font.

We also provide a new version of the manuscript (with changes highlighted in red) as
a supplement to this comment.
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Response to Anonymous Referee #1’s comments

The paper evaluates the CMIP5 models and their ability to simulate historical Antarctic
sea ice extent. The hypotheses is that the model’s internal variability and/or an inad-
equate initialization are the reason for the models’ inability to simulate a correct trend.
The paper is generally well written and raises an important question. However, the
authors mention the possibility that internal variability may play a significant role for
the observed trend, but never analyze this. Therefore, before publishing the authors
should also include the role of internal/interannual variability in their analysis.

Main points

1. As illustrated by the authors, internal or interannual variability is an important
factor for this region. The fact that some models have ensemble members with
positive trends and negative trends should raise the question, whether the ob-
served trend is more than just noise. Because if this is true, there would be
no reason for the models to agree on the sign of the trend. Tebaldi et all. il-
lustrate this concept in their paper (Mapping model agreement on future climate
projections, 2011). An other nice illustration of how important variability can be
is given by Deser et al. (http://www.cgd.ucar.edu/cas/cdeser/ Docs/submitted.
deser.communicating _uncertainty.jani). In Section 3.2 the authors give a trend
of 150°000km2, however the standard deviation shown in Figure 2b for this time
of the year is of about that magnitude. This could be an indication that the trend
might as well be noise.

Response: The satellite observations of sea ice extent in the Southern Ocean

start in 1979. The time period they span is thus too short to properly investigate

how the trend in sea ice extent evolves over longer time periods (at multi-decadal
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timescales). The observed increase in sea ice extent could indeed arise from the
internal variability and be not more than noise. Unfortunately, the limited avail-
able observations prevent us from confirming this hypothesis. In our study, we
use climate models to test this hypothesis. Nevertheless, if we want to trust their
results, these models must agree with the real system for what we know from ob-
servations. The available observations tell us informations about the mean state,
the interannual variability and the trend of the sea ice extent in the Southern
Ocean, from 1979 to present. We have shown that none of the analyzed mod-
els has both a mean state and an interannual variability that fit the ones of the
observations. This thus rises the question whether we can reasonably use these
models to investigate the internal variability in the Southern Ocean. Regarding
the trend in Southern Ocean sea ice extent, thanks to their large internal variabil-
ity, some models can provide positive values that agree with what is observed.
These results seem to favor the hypothesis that the positive trend is due to the
internal variability. However, one has to keep in mind that these models do not
provide a reasonable estimate of the main characteristics of the sea ice extent
in the Southern Ocean (i.e. the mean state and the interannual variability). In
conclusion, we do not exclude the hypothesis linking the recent increase in sea
ice extent to the internal variability. However, neither the observations nor current
general circulation models can be used to confidently confirm this hypothesis.

Action: "Introduction" and "Summary and conclusions" sections have been re-
written to better present the issues we dealt with and the conclusions we can draw
from our study, citing and discussing the references proposed by the referee.
Details about the analyses of results have been added in Sect. 3.2. In particular,
we now present a figure summarising the range of the trends provided by each
model’s ensemble historical simulation.

. How exactly was the trend computed?

Response: The trend of summer (winter) sea ice extent has been computed
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through a linear regression of the yearly values of summer (winter) extent, be-

tween 1979 and 2005. TCD
Action: A brief explanation has been added in Sect. 3.2. 6, C2426-C2436, 2012
Minor points :
Interactive
Comment

1. Page 3542: If the variability is large, what does out of phase mean? Is it then
necessary that the models are in phase with the observations?

Response: If the observed positive trend is actually due to internal variability,
a correct initialization of the models may put the system in a state that favors
the formation of sea ice (e.g., a more stratified or a colder ocean). Even if the
variability is large in this region, idealized models studies have pointed out high
potential predictability there (e.g. Latif et al., 2010). This means that models have
deterministic decadal variability. We thus think it was necessary to check if this
potential predictability could lead to reliable prediction of the sea ice extent in real
conditions, i.e. when a model is initialized with some observed fields.

Action: We have added a paragraph at the beginning of Sect. 4 to make this
point clearer.

2. Page 3543: Not sure whether it is fair to say the models are failing for the reasons
mentioned in the main points.

Response: The point of this paragraph is to explain why we have chosen to
present our analyses for the sea ice extent over the whole Southern Ocean rather
than discussing the results for the individual sectors. The reason is that there is
no better agreement with observations if we consider sectors of the Southern
Ocean individually. However, the spatial structure of the observed trend might
also arise from internal variability. If this is true, there is indeed no need for
models to reproduce this spatial structure. Since this hypothesis has not been ®
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validated yet, it seems important to us to mention that we keep in mind the differ-
ent behaviour of sea ice in the different sector of the Southern Ocean, even if we TCD
do not discuss these results in our paper. 6. C2426-C2436. 2012

Action: We have modified the last paragraph of the introduction to better explain

our approach.
Interactive
3. Page 3546: the multi-model mean overestimates the sea ice cover. Could this Comment

be due to a few models? At least for CMIP3 most models had to little sea ice
compared to observations.

Response: In September, 10 of the 24 models underestimate the whole South-
ern Ocean sea ice extent (see Fig. 2a). Regarding the different sectors of the
Southern Ocean, it seems that, in each individual sector, there are approximately
as many models that overestimate the sea ice extent as models that underesti-
mate it but we do not discuss it in the paper.

Action: We have added a sentence in Sect. 3.1 to precise that 10 of the 24
models underestimate the Southern Ocean sea ice extent in summer.

4. Page 3554: Same point again; if variability is large how much information can a
correlation tell you?
Response: See the answer given for the minor point 1.

Please also note the supplement to this comment:
http://www.the-cryosphere-discuss.net/6/C2426/2012/tcd-6-C2426-2012-
supplement.pdf
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(a) 1979-2005 sea ice extent monthly mean (b) 1979-2005 sea ice extent monthly standard deviation
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Fig. 2. (a) Monthly mean of Southern Ocean sea ice extent, computed over the period 1979-2005. (b) Standard deviation of detrended
Southern Hemisphere sea ice extent, computed over the period 19792005 for each month of the year. Colors correspond to the ensemble
mean of historical simulations from 24 different models. Dotted lines refer to models that provide both historical and hindcast simulations
but here, results are only from historical simulations. Orange bold line is the multi-model mean. Black bold line refers to observations
(Cavalieri and Parkinson, 2008).

Fig. 1. New version of Fig. 2
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(a) 1979-2005 JFM trend VS. mean (b) 1979-2005 JFM trend VS. standard deviation
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Fig. 3. Sea ice extent trend for the period 19792005 over the whole Southern Ocean vs. mean (a, ¢) and standard deviation (b, d). The first
row corresponds to summer (JEM), the second to winter (JAS). The different colors correspond to the historical simulations from 24 different
models. For each color, the small dots refer to model individual members and the symbol specified in the legend is for the model ensemble
mean. The number of members in each model is indicated in brackets in the legend. Orange refers to multi-model means: diamond sign is
for the average over all the models, circle sign is for the mean of models with interactive chemistry (in bold in Table 2) and triangle sign is
for the mean of models with 35 atmospheric levels or more on the vertical. Black square is for the observations (Cavalieri and Parkinson,
2008), surrounded by 2 standard deviations (black dashed lines).

Fig. 2. New version of Fig. 3
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Fig. 4. Ensemble mean, minimum and maximum value of the sea ice extent trend for the period 1979-2005 over the whole Southern Ocean
for summer (a) and winter (b). The different colors correspond to the historical simulations from the 15 models that have at least 3 members
in their ensemble. Dots refer to the ensemble means of the trends. Horizontal bars show the minimum and the maximum value of the trend
reached by the members of one model ensemble. Black dashed line is for the trend of the observations (Cavalieri and Parkinson, 2008)
surrounded by 2 standard deviations (grey shade).

[l

Fig. 3. New figure
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(a) 1981-2005 JFM hindcast VS. historical trend (b) 1981-2005 JAS hindcast VS. historical trend

;g 1500, » % 5000, ;

o + i y o e

3 3 +
< &

£ E 4000 S
S 1000 A ) e

z / z y

s 5 000 A BCC-CSM1.1
- 2 CCSM4

2 v 2 CNRM-CM5
£ 500 7 B 2000 §r FGOALS-g2
3 /7 z HadCM3

- 8 IPSL-CM5A-LR
£ y £ MIROC4h

5 | - g 10 Vs MIROCS

° < ° MPI-ESM-LR
13 % 5 0 n"d MRI-CGCM3
£ //—+-+ £ " NSIDC obs

8 8 -1000 5

F / s AT

Q P Q d

[} (2] P /

= - 0 /

L -1%%60 7500 0 500 1000 w0 S Koo 1000 0 7000 2000 3000 4000 5000

JFM sea ice extent trend of historical simulation (10° km?/decade) JAS sea ice extent trend of historical simulation (10° km®/decade)

Fig. 5. Hindcast vs. historical Southern Ocean sea ice extent trend for summer (a) and winter (b), computed over the period 1981-2005. The
different colors refer to the different models. For each model, the dot refers to the ensemble mean of the trends and the horizontal (vertical)
bar shows the ensemble mean of the standard deviations of the trends in the historical (hindcast) simulations. Black square is for the trend
of the observations (Cavalieri and Parkinson, 2008). The vertical and the horizontal black bars are for the standard deviation of the observed
trend. Dashed line represents the line y(z) = .

Fig. 4. New version of Fig.4 (now Fig. 5)

C2434

TCD
6, C2426-C2436, 2012

Interactive
Comment



http://www.the-cryosphere-discuss.net
http://www.the-cryosphere-discuss.net/6/C2426/2012/tcd-6-C2426-2012-print.pdf
http://www.the-cryosphere-discuss.net/6/3539/2012/tcd-6-3539-2012-discussion.html
http://www.the-cryosphere-discuss.net/6/3539/2012/tcd-6-3539-2012.pdf
http://creativecommons.org/licenses/by/3.0/

TCD
6, C2426-C2436, 2012

TO70-2005 sen Tow wxtent (107w T575-7005 frond i soa Teo extent (10"km”/docads)
Frsemble mear o7
Ensemble mean of | Laeomble mew of Individual Cnsemble mean | Emiemble standard
seasonal means pal stond membars eviation
as0 om “aeL81 400,61
CansM2 w13 on “604.00 20207
cosma 1206 060 220 arsas
CNRM-CM5 016 .08 6182 7.5
CSIRO-MKs.5.0 1045 om0 15069 27607
ECEarh =3 T =
FGOALS g2 15 046
671 o5t a3 434
GFDL-CM3 e 022 2041 s
GFDL-ESM2M 044 013 1649 -
GIss.E2R 066 o 502 3884
HadeM3 500 039 125,76
HaACENZOT =7 T =
TodGENZES 501 57607
TNYCCRIT Ta7 Es
IPSL-CMBA-LR Lot 02 1001 e
IPSL-CAMBA-MR 050 our 070
MIROCh 248 036 “aoLaa o478
MiROCS 010 o005 1094
MIROC-ESM a7 0az -aas.01 2.50
NROC-ESNECHEN, Tz QUEiD EANE)
MPLESM-LR Lot o3 o a1
MRICGCM3 a5 o057 8508
NorESMIA 503 iz 20.08
Cbscrvations T T = =
Table $2: Summer (JFM) sea ice extent: 1979-2005 mean and trend, computed from the hi

torical simulations. The ens

nble mean of seasonal means is tl

average over

extents of the individual members of one model historical simulation. The ense

all the JFM
nble mean of

seasonal standard deviations is the mean of all the seasonal standard deviations of the indi-

vidual members

. The ensemble mean of the trends is a mean of all the trends of the individual

members and the ensemble standard deviation of the trend is the standard deviation of the
trend between members. Trends that are significant at the 90% level arc in bold. Details
about the observations are given in in Cavalieri and Parkinson (2008).

Fig. 5. New table in the supplementary material

C2435

Interactive
Comment

R
EEETEETE
EEETEEE


http://www.the-cryosphere-discuss.net
http://www.the-cryosphere-discuss.net/6/C2426/2012/tcd-6-C2426-2012-print.pdf
http://www.the-cryosphere-discuss.net/6/3539/2012/tcd-6-3539-2012-discussion.html
http://www.the-cryosphere-discuss.net/6/3539/2012/tcd-6-3539-2012.pdf
http://creativecommons.org/licenses/by/3.0/

TCD
6, C2426-C2436, 2012

SerHle e of
Ensemble mean of | Laeomble mew of Individual Cnsemble mean | Emiemble standard
seasonal means pal stond membars eviation
04 132 1703.93
CansM2 2102 o6 o028 35409
cosma 27 o040 “s65.07 258 Il Ite raCtlve
CNRM-CM5 1395 090 ssrar
CSIRO-MKs.5.0 1781 046 21547
ECEarh R o T =
FGOALS g2 217 o041 205,75
26 096 “ss6.04 .66
GFDL-CM3 186 L7 22678 sa5.00
GFDL-ESM2M 176 045 1787 -
GIss.E2R 1231 08 506.52 1993
HadeMs 1984 on 12664 21310
HaACENZOT FEX =
TodGENZES T30
TNYCCRIT 7w
IPSL-CMBA-LR 1012 Lao “ans asss
IPSL-CAMBA-MR 1572 o085
0 MIROCH#h 180 o5 2693
MiROCS 542 08
MIROC-ESM 075 06 182
NROC-ESNECHEN, IR o
MPLESM-LR 1387 L1 w311
MRICGCM3 1875 03 “00.73 a2r00
NorESMIA 1548 050 20863 183,16
Cbscrvations T e = =

storical
s of

Table $3: Winter (JAS) sea ice extent: 1979-2005 s
simulations. The ensemble mean of seasonal means is the average ov

-asonal mean and trend, computed from the h
r all the JAS extent

the individual members of one model historical simulation. The ensemble mean of seasonal
standard deviations is the mean of all the seasonal standard deviations of the individual
members. The ensemble mean of the trends is a mean of all the trends of the individual
members and the ensemble standard deviation of the trend is the standard deviation of the

trend between members. Trends that are significant at the 90% level are in bold. Details

about the observations are given in in Cavalieri and Parkinson (2008). _

Fig. 6. New table in the supplementary material
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