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directly the comments.

Anonymous Referee #2

This paper describes a simulation covering the last millennium using the atmosphere-
ocean coupled model IPSLCM4. The simulation with changing total solar irradiance
(TSI), orbital forcing, and greenhouse gases is accompanied by a control experiment
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of similar length. The authors provide a statistical decomposition to attribute temper-
ature changes to the individual forcings. The multivariate decomposition of Northern
Hemisphere temperature does not provide any surprising results and the comparison
with reconstruction data must be said to be not very revealing because one important
external forcing, i.e. disturbances by volcanic aerosols, are not included. However,
the authors include a spatial decomposition and provide estimates for the signal-to-
noise-ration (SNR) for spatial scales from the sphere to the grid-point area. Since the
relative role of internal variability and external forcing in judging observed temperature
variations is still on of the most important issues in studies of past climate, this refine-
ment is highly welcome and it shows how models can be used to evaluate proxy-based
reconstructions and to guide the further development of proxy-networks. In particular
the authors point out that the patterns shown by the variance explained can be very
different for different forcing, seasons, and – most importantly – regions. An interesting
example is the role of orbital forcing (that is often assumed to be of minor importance
for last millennium’s temperature evolution) for the high northern latitude summer tem-
peratures. Overall, the manuscript is well written and concise. For the abstract, I would
recommend to somewhat de-emphasize the nice agreement of the simulations with
the range of reconstructions but focus on the really new findings for the local sensitivity
and the local SNR estimates. The authors might also consider reformulating the title
which could be a bit more catchy if it reflects the new (regional) aspects of this paper.
I therefore recommend publication in Climate of the Past after minor revisions.

Specific comments:

C1 => P. 424, line 3: To my knowledge, Lamb (1964) did not use the term MCA but
“Medieval Warm Epoch” Line 7: maybe include reference Trouet et al. (Science, 2009)
here.

R1 => This is right. The problem with the notion of the Medieval Climate Anomaly is
that there is no clear paternity for this expression. Recent papers as (Trouet et al.,
2009) or (Mann et al., 2009) use the expression MCA but they do not refer to any
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previous study. There have been previous studies like (Graham et al., 2007) that use
the term MCA, without making reference to any previous article. We have changed the
sentence “the so-called Medieval Climate Anomaly (MCA hereafter, (Lamb, 1965))” by
“the so-called Medieval Climate Anomaly (MCA hereafter, introduced by (Lamb, 1965)
as the Medieval Warm Epoch)”.

C2 => P. 427, line 10, and p. 429, line 24: if there is a trend of -0.11 degr/per 100 yr
in the control run over the first century, it is very likely that this is also present in the
forced experiment (where radiative forcing is quite weak). So there is not really a point
to discuss a 1075 AD trough in temperature here.

R2 => There is indeed a trend in CTRL during the beginning of the simulation that
is described in Section 2 (p 427, lines 5-13). On the whole 1000-1850 period, this
trend has been estimated with a cubic spline function and has been removed from
SGI (p 428 lines 2-4) for all the analyses presented in our article. It has also been
removed from CTRL for the analyses. This latter point was not clearly expressed in our
manuscript, as suggested by Referee #1. We have thus changed the last sentence of
Section 2 for “Finally, we estimated the very low frequency trend in the CTRL with a
cubic spline function (Green and Silverman, 1994) and removed it from SGI and CTRL
for the following analyses.”. Since this trend has been removed from SGI, it should
not dramatically affect the NH temperature evolution in SGI decomposed in Section
3.2. The aim of the NH temperature decomposition presented in Section 3.2 was to
quantify the contribution of the forced variability. We proposed a linear temperature
decomposition (Eq. (1)) stating that the temperature variability in SGI is the sum of the
linear contribution of the forcings, or signatures, and a residual noise. As shown in Fig
2.c, this temperature decomposition demonstrates good skills at reproducing the NH
temperature variability in SGI. During the first part of the millennium (1000-1425 AD),
the solar forcing signature on NH temperature in SGI explains ∼80% of the tempera-
ture variance. The correlation coefficient between TSI and the NH temperature in SGI
is 0.86 during the first part of the millennium. The NH temperature variability during
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this period is thus largely explained by the solar forcing. Our temperature decompo-
sition allows us saying that the trough around 1075 AD is mainly associated with the
synchronous trough in TSI (Oort Minimum).

C3 => P. 430: Rather than showing how excellent the agreement is between the simu-
lation and the reconstructions it would be helpful to discuss why there is agreement in
spite of the fact that the volcanic forcing is missing. Amman et al. (2007), Hegerl et al.
(2007), and Crowley “Volcanism and the Little Ice Age, PAGES Newsletter, 2008) have
pointed to the important role of cumulative occurrence of volcanic eruptions. Since one
of the authors (Swingedouw) is also first author of a paper describing the effect of ex-
ternal forcing in the Toulouse model (similar model set-up, different atmosphere model)
where volcanic forcing was applied, the authors should at least discuss this issue a bit
more thoroughly.

R3 => We point out that we nowhere claim that there is an “excellent agreement be-
tween the simulation and the reconstructions”. The second sentence of Section 5 says
that “the SGI simulation reproduces well the temperature evolution during the last mil-
lennium, especially around the LIA”. The first sentence of the fourth paragraph states
that “We found an important difference between the reconstructions and SGI between
1000 and 1200 AD [. . .]”. This comment invited us to revise the structure of Section 5 to
make our point clearer. We changed the second sentence of Section for “the SGI simu-
lation reproduces well the temperature evolution during the last millennium around the
LIA”. Apart from this correction, the initial content of Section 5 did not change. Follow-
ing this comment, we have added some discussion elements on the volcanic forcing.
We added the simulation presented in ((Swingedouw et al., in press), SW2010 here-
after) in the set of numerical simulations used for the comparison with SGI in Section
3. Fig. 1 and its caption were modified accordingly, as well as the paragraph of Section
3.1 (p 428 line 12-17). In Section 5 we included a paragraph to discuss the relative
roles of solar and volcanic forcing on secular NH temperature variability: “The IPCC
AR4 and SW2010 simulations taking into account the impact of the volcanoes show
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secular NH temperature evolution very similar to SGI. Volcanic forcing seems to have
a weak impact on secular NH temperature variability compared to the solar forcing
used in SGI and IPCC AR4 simulations shown, i.e. with a TSI mean value during the
Maunder Minimum 0.25% lower than modern value. With lower amplitude of TSI vari-
ability, the influence of cumulative eruptions on secular temperature variability should
be different (Ammann et al., 2007;Hegerl et al., 2007;Gao et al., 2009)”.

C4 => P. 435, line 9: why use “root mean square” ?

R4 => We apologize for this mistake. We initially wanted to apply the weight on the
temperature time series, which was not correct. The SNR presented on Figure 5 was
calculated with the good formula, without the root-mean-square on the weights ai. Eq.
4 has been corrected.

Minor points

Fig. 1 a: Is the radiative forcing (left axis) calculated from the simulation?

=> The radiative forcing associated with solar variability and CO2 has been estimated
independently of the simulation. This missing explanation has been added in Section
2: “The associated mean radiative forcing in Fig. 1a is estimated by dividing the TSI
by four (distribution of the top of atmosphere flux on Earth surface), and multiplied by
the Earth’s albedo (∼0.7).” [. . .] “The radiative forcing associated with CO2 in Fig. 1a
is estimated with the equation of (Myhre et al., 1998). This equation gives a good
estimate of the first order radiative forcing of CO2 in the IPSL model (J.-L. Dufresne,
pers. Com.)." The total anthropogenic forcing is the radiative forcing of the well-mixed
GHGs estimated by Dufresne et al (2005) (caption of Fig. 1a). The radiative forcing of
the tropospheric aerosols is calculated from the simulation (caption of Fig. 1a).

Figure caption: TSI is right axis

=> Âń left Âż has been changed for Âń right Âż

Fig. 2: The differences in the reconstructions would become visible better when show-
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ing all in one figure.

=> We have tried to put all the time series (NH temperature reconstructions and SGI)
on the same plot as suggested. The comparison between the temperature reconstruc-
tions is easier but the comparison between each temperature reconstructions and SGI
is penalized because of too much information on the same plot. We preferred to show
separated plots to favour the comparison between SGI and the temperature recon-
structions.

References

Ammann, C., Joos, F., Schimel, D., Otto-Bliesner, B., and Tomas, R.: Solar influ-
ence on climate during the past millennium: Results from transient simulations with
the ncar climate system model, Proc. Nat. Acad. Sci. USA, 104, 3713-3718, doi:
10.1073/pnas.0605064103, 2007.

Dufresne, J. L., Quaas, J., Boucher, O., Denvil, S., and Fairhead, L.: Contrasts in the
effects on climate of anthropogenic sulfate aerosols between the 20th and the 21st
century, Geophys. Res. Let., 32, Doi 10.1029/2005gl023619, 2005.

Gao, C. C., Robock, A., and Ammann, C.: Volcanic forcing of climate over the past
1500 years: An improved ice core-based index for climate models (vol 113, d23111,
2008), J. Geophys. Res. Atm., 114, doi: 10.1029/2009jd012133, 2009.

Govindasamy, B., Caldeira, K., and Duffy, P. B.: Geoengineering earth’s radiation bal-
ance to mitigate climate change from a quadrupling of co2, Global Planet. Change, 37,
157-168, Doi 10.1016/S0921-8181(02)00195-9, 2003.

Graham, N., Hughes, M., Ammann, C., Cobb, K., Hoerling, M., Kennett, D., Kennett, J.,
Rein, B., Stott, L., Wigand, P., and Xu, T.: Tropical pacific - mid-latitude teleconnections
in medieval times, CLIMATIC CHANGE, 83, 241-285, 2007. Green, P. J., and Silver-
man, B. W.: Nonparametric regression and generalized linear models: A roughness
penalty approach, Chapman & Hall, 1994.

C363



Hegerl, G., Crowley, T., Allen, M., Hyde, W., Pollack, H., Smerdon, J., and Zorita, E.:
Detection of human influence on a new, validated 1500-year temperature reconstruc-
tion, J. Climate, 20, 650-666, 2007.

Lamb, H. H.: The early medieval warm epoch and its sequel, Paleogeogr. Paleocl., 1,
13-37, 1965.

Mann, M. E., Zhang, Z. H., Rutherford, S., Bradley, R. S., Hughes, M. K., Shindell,
D., Ammann, C., Faluvegi, G., and Ni, F. B.: Global signatures and dynamical ori-
gins of the little ice age and medieval climate anomaly, Science, 326, 1256-1260, DOI
10.1126/science.1177303, 2009.

Myhre, G., Highwood, E. J., Shine, K. P., and Stordal, F.: New estimates of radiative
forcing due to well mixed greenhouse gases, Geophys. Res. Let., 25, 2715-2718,
1998.

Swingedouw, D., Terray, L., Cassou, C., Voldoire, A., Salas-Melia, D., and Servonnat,
J.: Natural forcing of climate during the last millennium : Fingerprint of solar variability,
Clim. Dyn., 10.1007/s00382-010-0803-5, in press.

Trouet, V., Esper, J., Graham, N. E., Baker, A., Scourse, J. D., and Frank, D. C.: Persis-
tent positive north atlantic oscillation mode dominated the medieval climate anomaly,
Science, 324, 78-80, DOI 10.1126/science.1166349, 2009.

Interactive comment on Clim. Past Discuss., 6, 421, 2010.

C364

−0
.7

5
0.

00
0.

50
1.

00

27
0

31
0

35
0

13
61

13
64

)a(

TS
I (

W
/m

²)

[C
O

2]
 (p

pm
)

R
ad

ia
tiv

e 
fo

rc
in

g 
(W

/m
²)

IST
2OC

2OC − )reA+GHG llA(

AOT nwod WS
noitalosnI

−1
.5

0.
0

1.
5

)b(R
ad

. f
or

c.
 6

5°
N

S
um

m
er

 (W
/m

²)

emit radnelaC

000200810061004100210001

−0
.4

0.
0

0.
4

0.
8

)c(

N
H

 T
em

pe
ra

tu
re

A
no

m
al

ie
s 

(°
C

)

IGS
TSIHV

LRTC
dnert FL

)9981 − 0051( = doireP feR

R
ec

on
st

ru
ct

io
ns

 O
ve

rla
p 

(%
)

0

02

04

06

08

001

Fig. 1. Revised Fig.1
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