Clim. Past, 5, 143–145, 2009
www.clim-past.net/5/143/2009/
© Author(s) 2009. This work is distributed under
the Creative Commons Attribution 3.0 License.

Climate
of the Past

Comment on “Aerosol radiative forcing and climate sensitivity
deduced from the Last Glacial Maximum to Holocene transition”,
by P. Chylek and U. Lohmann, Geophys. Res. Lett., 2008
J. C. Hargreaves and J. D. Annan
Global Change Projection Research Program, Research Institute for Global Change, JAMSTEC, 3173-25 Showa-machi,
Kanazawa-ku, Yokohama City, Kanagawa, 236-0001, Japan
Received: 16 October 2008 – Published in Clim. Past Discuss.: 22 December 2008
Revised: 27 February 2009 – Accepted: 30 March 2009 – Published: 8 April 2009

Abstract. In a recent paper, Chylek and Lohmann (2008)
used data from the Vostok ice core together with simple energy balance arguments to simultaneously estimate both the
dust radiative forcing effect and the climate sensitivity, generating surprisingly high and low values for these respective
parameters. However, their results depend critically on their
selection of single unrepresentative data points from time series which exhibit a large amount of short-term variability,
and are highly unstable with respect to other arbitrarily selected data points. When temporal averages are used in accordance with accepted norms within the paleoclimate community, the results obtained are entirely unremarkable and in
line with previous analyses.

1

Introduction

The sensitivity of the climate system to external forcing has
long been a subject of much research, the bulk of which has
concluded that the climate sensitivity to a doubling of CO2
is likely to lie in the range 2–4.5◦ C (IPCC 2007: Summary
for Policymakers, Solomon et al., 2007; Knutti and Hegerl,
2008). Chylek and Lohmann (2008) (hereafter CL08) claim
to have found evidence that the true value is much lower,
around 1.8◦ C, and present two main arguments in support of
their claim. The bulk of their paper focusses on an energybalance analysis of data from the Vostok ice core (Petit et al.,
1999). In this short comment we discuss the validity of their
approach in Sect. 2, and illustrate that their results are highly
sensitive to the specific data points that they selected. CL08
also present results from a GCM simulation in which high
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dust loading is imposed, to estimate the net radiative forcing
effect. However, this simulation has a serious flaw which
strongly biases and invalidates their result, as we explain in
Sect. 3.
2

Analysis of ice core data

CL08 analyse the Vostok ice core using simple energy balance arguments, assuming radiative equilibrium and estimating the climate sensitivity as the ratio of global temperature
change to total radiative forcing over a given interval. The radiative forcing effect of changes in atmospheric dust loading
over the paleoclimate record is a significant uncertainty in
this calculation, so CL08 use two different intervals – specifically, the differences between the Last Glacial Maximum
(LGM) and Holocene, and those between the LGM and 42 ka
before present – to simultaneously estimate both the climate
sensitivity and the dust forcing effect, via the following equation:
1T2
1T1
=
FGHG1 +FALB1 +58X FGHG2 +FALB2 +53X
where 1T denotes the temperature change over the first or
second interval (indexed by the subscript), FGHG and FALB
are radiative forcings due to changes in greenhouse gases and
planetary albedo, respectively, and X is the (unknown) forcing per unit change in dust. After solving for X, the climate
sensitivity is given by the expression on either side of this
equation.
CL08 used data obtained from the Vostok ice core (Petit
et al., 1999), which we re-plot in Fig. 1. Their analysis was
based on the extremal data points for temperature and dust
(P. Chylek, personal communication, 2008), which we have
highlighted in red. That is, from the temperature data, they
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Examining the data underlying CL08’s analyses of the previous glacial terminations (their Table 1) reveals that again
they have picked unrepresentative extrema in both the dust
and temperature time series. Moreover, the largest drops in
the dust values lead the significant temperature changes by
a substantial margin (exceeding 10 000 years in two cases),
which by itself would appear to refute either the implicit hypothesis of CL08 that the planet is in radiative equilibrium
over much shorter time scales, or their result that the dust
forcing makes a large contribution to the energy balance.
3

Model simulation

CL08 also perform a simulation using a GCM, in which
they use present day boundary conditions but greatly increase
the supply of natural dust and aerosol by scaling up current
sources by factors of 4 and 2, respectively, resulting in a net
global forcing of around −3 Wm−2 . However, more complete model simulations have previously been performed in
which realistic LGM boundary conditions and dust sources
are used, which show a net global change in forcing due to
dust of around −1 Wm−2 (Claquin et al., 2003). One likely
problem with the CL08 simulation is the absence of large
ice sheets. This can be expected to have biased their results,
as an increase in dust actually results in a positive forcing
over realistic LGM ice sheets (Overpeck et al., 1996; Claquin
et al., 2003). Thus, although CL08’s model estimate for dust
forcing seems broadly reasonable in the tropical region, it is
substantially too high for latitudes poleward of 45◦ (Claquin
et al., 2003) and therefore also globally.
4

Conclusions

The analysis of CL08 is based on the selection of local
extrema in time series which show high temporal variability, and moreover the data points they used are not
even temporally coincident. Thus, these data points cannot
adequately represent the long-term energy balance of the
climate system, and we have shown that their results are
highly unstable with respect to the particular data points
selected. When the noise of short-term natural variability
is reduced by temporal averaging, the results come into
line with previous analyses of these and similar data (e.g.
Hansen et al., 1993). Thus the authors have not presented
any significant evidence to challenge existing estimates of
climate sensitivity (Solomon et al., 2007).
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