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[1] In our recent publication [Chylek and Lohmann,
2008] (hereafter referred to as CL08), we have presented
an estimate of aerosol forcing and climate sensitivity based
on Vostok ice core data [Petit et al., 1999] for the Last
Glacial Maximum (LGM) to Holocene transition. The novel
feature of our analysis was the use of a cooling from a warm
period about 42,000 years ago (or 48,000 depending on the
time scale used) to the LGM together with the warming
from the LGM to Holocene. The use of these two period
together provided an additional constrain of the aerosol
radiative forcing, and consequently the aerosol radiative
forcing from the LGM to Holocene transition was obtained
from the data rather than from the modeling as has been
done in the past. Our results suggest the acrosol radiative
forcing for the LGM to Holocene transition to be 3.3 =+
0.8 W/m? and the climate sensitivity to be between 0.36 and
0.68 K/Wm 2 (yielding a global temperature increase
between 1.3 and 2.3 K for doubling atmospheric CO,
concentration). For comparison the IPCC report suggests
the temperature range for CO, doubling to be between 2 and
4.5 K (with 60% probability), with values below 1.5 K very
unlikely. Thus our result supports the lower end of the IPCC
suggested values.

[2] The comment on our paper [Ganopolski and
Schneider von Deimling, 2008] (hereafter referred to as
GS08) has raised several interesting questions, which we
answer in the following.

[3] GSO8 is correct in pointing out that the range of
climate sensitivity deduced from the Vostok ice core data is
well below that of the IPCC report. The IPCC stated range
of climate sensitivity and confidence level stem from
summarizing many different model estimates and different
proxy analysis to obtain the overall range of possible
climate sensitivity. The IPCC confidence level refers to an
intra-model and intra-proxy range and confidence level. In
our study, the range of climate sensitivity and the confi-
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dence level is based on the statistical analysis of one set of
data.

[4] GSO8 points out that we have used the Antarctic
cooling of 10.2 K for the LGM deduced from the Vostok
data without attaching an uncertainty to this value. The
temperature difference used by CLO8 of 10.2 K between the
Holocene and the LGM was deduced from the oxygen
isotope ratio §'%0 from the Vostok ice core [Petit et al.,
1999]. The EPICA Dome C ice project uses the deuterium
oD to recover the temperature. Their result for the difference
between the LGM and the Holocene is again around 10 K
[Jouzel et al., 2007]. Thus there is a good agreement
between the two ice cores using two different methods to
deduce the temperature differences. Although there may be
some uncertainty in the Antarctic temperature LGM to
Holocene difference, the 10.2 K for the Vostok site seems
to be reasonable.

[5s] To estimate the average global temperature during the
LGM, GSO08 suggests a vast range of values deduced from
modeling results. Our work is based on observational data
instead. The proxy data suggests that the tropical land
masses and oceans were on average 3.3 K colder during
the LGM than they are at present [Ballantyne et al., 2005].
The ratio of the global to tropical temperature increase
during the instrumental records (1880—2007) has been
around 1.43 (Figure la). If we assume a similar ratio of
global to tropical warming of 1.4 to 1.5 for the LGM to
Holocene warming, we obtain the global temperature dif-
ference of 4.6 to 4.9 K. The frequently used approximation
of the global temperature change during the LGM to
Holocene transition is that the global temperature change
has been about !/, of the Antarctic change, which leads to
values around 5 K [Hansen et al., 2008]. We have empha-
sized the uncertainty in the global temperature during the
LGM of CLO8 by using three different values, namely, 4.1,
4.6 and 5.1 K. Consequently, we consider the chosen range
4.1 to 5.1 K to be adequate. On the other hand we agree
with GS08 that using a variety of models might suggest a
wider range depending on specific models used.

[6] GSO8 point out that our estimate of radiative forcing
of 3.3 = 0.8 W/m? is higher than some previous estimates.
This is really the point of our paper and the reason we
decided to publish it. In contrast to previous researchers we
did not simulate the aerosol radiative forcing during the
LGM to Holocene transition. Our value for the aerosol
radiative forcing is calculated from ice core data and the
assumption that the climate sensitivity in the two considered
transitions: (1) from a warm period about 42,000 to 48,000
years ago (depending on time scale used) to the LGM, and
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(2) from LGM to Holocene, is the same. Although there is
no proof that the climate sensitivity was really the same, we
believe that the assumption is reasonable, and this assump-
tion is clearly stated by CLO08. We consider the aerosol
forcing <1 W/m? used frequently by other investigators to
be a considerable underestimate. The IPCC 2007 report
estimates the mean value of the current anthropogenic
aerosol radiative forcing to be —1.2 W/m?. It is hard to
accept that the aerosol radiative forcing during the ice ages
when dust concentration in the Antarctic and Greenland ice
cores is over 50 times higher than during the Holocene, and
when increased dust deposits are observed in marine sedi-
ments in Atlantic and Pacific Ocean, can be lower than the
current anthropogenic aerosol radiative forcing. A radiative
forcing during the LGM between 1.9 and 3.3 W/m” has
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been suggested by Harvey [1988]. Other researchers [Har-
rison et al., 2001; Claquin et al., 2003] pointed out that the
aerosol radiative forcing during the LGM, at least in the
tropics, could be as strong as the radiative forcing due to
increased greenhouse gases during the LGM to Holocene
transition. Our results confirm these higher values and
suggest that the radiative forcing due to aerosols was,
indeed, approximately equal to the radiative forcing of
greenhouse gases during the LGM to Holocene transition.
[7] GSO08 states that the considered warm event in Ant-
arctica (42,000 or 48,000 years BP) does not correspond to
global climate change and that the warming in Antarctica at
that time was not matched by a warming in Greenland. It is
not an easy task to align in time the events taking place in
Greenland and in Antarctica. Since the inter-hemispherical
mixing of long-lived greenhouse gases occurs on a time
scale of a year the peaks in CH,4 concentration were used to
synchronize the time scales of Greenland and Antarctic ice
cores [Blunier et al., 1998; Blunier and Brook, 2001; Ahn
and Brook, 2008]. It was found that the starting point of
warming in Antarctica leads that of Greenland by one or
two thousands years. While the Antarctic temperature
increase is gradual within a few thousand years, the Green-
land warming is fast, lasting maybe as little as two or three
decades [Blunier et al., 1998]. Thus Greenland warming
catches up with the Antarctic warming and the temperature
peaks do occur in both hemispheres almost simultaneously
with the Greenland delay of a few hundred years (Figure 1b)
being smaller than uncertainty of the time scale (300 yrs).
Although the beginnings of warming periods are not simul-
taneous in the two hemispheres, the peak temperatures and
the following cooling are. In the time interval selected the
temperature peak of the Antarctic event A-2 coincides with
the temperature peak in the Greenland Dansgaard-Oeschger
event 12 [Blunier et al., 1998; Ahn and Brook, 2008]. After
that both Antarctic and Greenland temperatures are simul-
taneously decreasing, suggesting the synchronized climate
change. Thus our analysis (CLO8) of the ice core data for a
time of a maximum temperature (around 42,000 to 48,000
years BP) and the minimum temperature during the LGM is
justified. The dust deposits showing low values at the

Figure 1. (a) Temperature anomaly (tropics: 24°S to 24°N
and global) according to the data from the NASA GISS
website suggests the ratio of the global mean to tropical
temperature change of 1.43. Essentially the same slope ratio
is obtained for the time spans 1880—2007 (1.43), 1900—
2007 (1.42) or 1980—-2007 (1.38). Thin lines connect the
annual data; thick lines show the linear regressions.
(b) Oxygen isotopic ratio for the GRIP and the Byrd
Station ice cores (annual values and 5 year running mean)
showing the Dansgaard-Oeschger event 12 (DO-12) and the
Antarctic event A-2. The data used are from Blunier and
Brook [2001]. (c) Dust concentration in the GISP2 and
EPICA Dome-C ice cores in relative units. Thin lines
connect individual point and thick lines represent a ten point
running average. The GISP2 data are from Ram and Koenig
[1997], EPICA Dome-C data from Delmonte et al. [2004].
Maximum concentrations around 25 KYBP as well as
minimum around 45 KYBP occur simultaneously in both
the Antarctic and the Greenland ice cores.
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maximum temperatures and the following major simulta-
neous peaks in the Greenland and Antarctic ice cores
(Figure 1c) further confirm that the changes in dustiness
were global in character.

[8] Finally, our reference to agreement between our
analysis and the GCM refers to the ECHAMS GCM
simulation, which we have performed with the global
sources of dust increased by a factor 4 and the sources of
marine aerosols by a factor of 2. The recent paper [Winckler
et al., 2008] suggests dust flux increases into the Pacific
Ocean by a factor 2.5 + 0.5 during the LGM. Our simulation
increased the dust burden by a factor of 3.4, increased the
acrosol optical depth by about 0.15 (compared to about 0.04
estimated for the post industrialization increase [Lohmann et
al., 2007]), and produced the aerosol radiative forcing of
3 W/m?. Thus we conclude that the role of glacial aerosols
is likely to be as large or at least almost as large as deduced
from observational data of CLO8 and our range of climate
sensitivity is reasonable but may be a bit underestimated.

References

Ahn, J., and J. Brook (2008), Atmospheric CO, and climate on millennial
time scale during the last glacial period, Science, 322, 8385,
doi:10.1126/sciencel1160832.

Ballantyne, A. P., M. Lavine, T. J. Crowley, J. Liu, and P. B. Baker (2005),
Meta-analysis of tropical surface temperatures during the Last Glacial
Maximum, Geophys. Res. Lett., 32, L05712, doi:10.1029/
2004GL021217.

Blunier, T., and E. Brook (2001), Timing of millenial-scale climate change
in Antarctica and Greenland during the last glacial period, Science, 291,
109-112.

Blunier, T., et al. (1998), Asynchrony of Antarctic and Greenland climate
change during the last glacial period, Nature, 394, 739—743.

CHYLEK AND LOHMANN: COMMENTARY

L23704

Chylek, P., and U. Lohmann (2008), Aerosol radiative forcing and climate
sensitivity deduced from the Last Glacial Maximum to Holocene transi-
tion, Geophys. Res. Lett., 35, L04804, doi:10.1029/2007GL032759.

Claquin, T., et al. (2003), Radiative forcing of climate by ice-age atmo-
spheric dust, Clim. Dyn., 20, 193—-202.

Delmonte, B., et al. (2004), EPICA Dome C ice cores insoluble dust data,
http://gemd.nasa.gov/records/ GCMD PALEO_EPICA_2004-040.html,
World Data Cent. Paleoclimatology, Boulder, Colo.

Ganopolski, A., and T. Schneider von Deimling (2008), Comment on ““Aero-
sol radiative forcing and climate sensitivity deduced from the Last Glacial
Maximum to Holocene transition” by Petr Chylek and Ulrike Lohmann,
Geophys. Res. Lett., 35, 1.23703, doi:10.1029/2008 GL033888.

Hansen, J., et al. (2008), Target atmospheric CO,: Where should humanity
aim?, Open Atmos. Sci. J., 2, 217-231.

Harrison, S. P., K. Kohfeld, C. Roelands, and T. Claquin (2001), The role of
dust in climate changes today, at the last glacial maximum and in the
future, Earth Sci. Rev., 54, 43—80.

Harvey, D. (1988), Climatic impact of ice-age aerosols, Nature, 334, 333—
335.

Jouzel, J., et al. (2007), Orbital and millenial Antarctic climate variability
over the past 800,000 years, Science, 317, 793—796.

Lohmann, U., P. Stier, C. Hoose, S. Ferrachat, S. Kloster, E. Roeckner, and
J. Zhang (2007), Cloud microphysics and aerosol indirect effects in the
global climate model ECHAMS-HAM, Atmos. Chem. Phys., 7, 3425—
3446.

Petit, J., et al. (1999), Climate and atmospheric history of the past 420,000
years from the Vostok ice core, Antarctica, Nature, 399, 429—436.

Ram, M., and G. Koenig (1997), Continuous dust concentration profile of
pre-Holocene ice from the Greenland Ice Sheet Project 2 ice core: Dust
stadials, interstadials, and the Eemian, J. Geophys. Res., 102, 26,641—
26,648.

Winckler, G., R. Anderson, M. Fleisher, D. McGee, and N. Mahowald
(2008), Covariant glacial-interglacial dust fluxes in the equatorial Pacific
and Antarctica, Science, 320, 93—96.

P. Chylek, Space and Remote Sensing, Los Alamos National Laboratory,
MS B244, Los Alamos, NM 87545, USA. (chylek@lanl.gov)

U. Lohmann, Institute for Atmospheric and Climate Science, ETH
Zurich, Universitaetsstrasse 16, CH-8093 Zurich, Switzerland.

30f3



