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Abstract. In a recent papeiChylek and Lohmanr{2008 dust loading is imposed, to estimate the net radiative forcing
used data from the Vostok ice core together with simple en-effect. However, this simulation has a serious flaw which

ergy balance arguments to simultaneously estimate both thstrongly biases and invalidates their result, as we explain in
dust radiative forcing effect and the climate sensitivity, gen- Sect.3.

erating surprisingly high and low values for these respective

parameters. However, their results depend critically on their

selection of single unrepresentative data points from time se?

ries which exhibit a large amount of short-term variability, . . :
. . N CLO08 analyse the Vostok ice core using simple energy bal-
and are highly unstable with respect to other arbitrarily se- : - N :

. . _ance arguments, assuming radiative equilibrium and estimat-
lected data points. When temporal averages are used in &g the climate sensitivity as the ratio of global temperature
cordance with accepted norms within the paleoclimate Com_c:hgan e to total radiative %/orcin overa ivgen intervaIpThe ra-
munity, the results obtained are entirely unremarkable and in’. . 9 ) 90 9 . : .
) , . diative forcing effect of changes in atmospheric dust loading
line with previous analyses. . . oo P

over the paleoclimate record is a significant uncertainty in
this calculation, so CL08 use two different intervals — specif-
_ ically, the differences between the Last Glacial Maximum
1 Introduction (LGM) and Holocene, and those between the LGM and 42 ka
before present — to simultaneously estimate both the climate

The sensitivity of the climate system to external forcing hasgegitivity and the dust forcing effect, via the following equa-
long been a subject of much research, the bulk of which has;

Yion:
concluded that the climate sensitivity to a doubling of CO
is likely to lie in the range 2—4% (IPCC 2007: Summary ATy _ AT
for PolicymakersSolomon et aJ.2007 Knutti and Heger| Fonci+Fale1+58X  Fongaot Falg2+53X
2008. Chylek and Lohman2008 (hereafter CLO8) claim ,
to have found evidence that the true value is much lowerWNereAT denotes the temperature change over the first or
around 1.8C, and present two main arguments in support of S€¢ond interval (indexed by the subscrignc and Fas
their claim. The bulk of their paper focusses on an energy-2r€ radiative forcings due Fo changes in greenhouse gases and
balance analysis of data from the Vostok ice cotetitetal,  Planetary albedo, respectively, akds the (unknown) forc-

1999. In this short comment we discuss the validity of their INd Per unit change in dust. After solving faf, the climate
approach in Sece, and illustrate that their results are highly S€NSitivity is given by the expression on either side of this

sensitive to the specific data points that they selected. CLo§auation. , . _
also present results from a GCM simulation in which high CL08 used data obtained from the Vostok ice cdretit
et al, 1999, which we re-plot in Figl. Their analysis was

based on the extremal data points for temperature and dust

Correspondence tal. C. Hargreaves (P. Chylek, personal communication, 2008), which we have
BY

(jules@jamstec.go.jp) highlighted in red. That is, from the temperature data, they

Analysis of ice core data
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Vostok ice core data . The explanation for this discrepancy is very straightfor-

1 ward. The simple global energy balance equation presented
by CLO8 simply cannot be expected to capture the high fre-
quency variability that is observed in these local records.
As Mix et al. (2007 observe, “regional temperature records
do not necessarily reach minimum values at the same time,
so a definition (of the LGM) based on the coldest observed
temperature or some other local extreme conditions would
be inappropriate.” Therefore, rather than picking individual
points, the normal approach has been to use temporal aver-
ages over some reasonable time scale. The LGM climate
state has been defined in the literature to be well charac-
terised by the interval 19-23 ka BRIix et al., 2001; Kucera
et al, 2005, so we average the temperatures over this pe-
riod. It is less clear that the climate system is close to equi-

g L librium around the 41 ka era, but for consistency we follow
0 100000 Yeuéogggoﬁe presjﬁoooo 40000 the same procedure, averaging temperatures over an interval
of the same length centred on 41kaBP, also shown in the
figure. For dust forcing, we also average the data over the
Fig. 1. Temperature (thin black line) and dust data (squares) fromS@me intervals, which gives a value of 38 units for the LGM
Vostok ice core. Thick black line is a 5-point smooth of the dust to Holocene transition, and 32 units for LGM to 41 ka.
data. Red diamonds indicate the points selected by CL08. Blue When these values are used in the energy balance
diamonds indicate alternative temperature data points, and magengquation, they provide an estimated dust forcing of
lines indicate averages over the indicated periods. 0.9+1.2 Wn 2 for the LGM to Holocene transition, and an
estimated climate sensitivity of 1.7-8@, with a median of
picked the lowest value around the LGM period, the highest2.4°C. The estimated dust forcing agrees well with that de-
temperature around 42 ka and also a warm peak at the start efved from realistic GCM simulations (see Se®jtand the re-
the Holocene, without providing any explicit justification of sulting climate sensitivity is in line with most energy-balance
these choices. They also selected the highest data point fanalyses of paleoclimatic data (ettpnsen et a]1993.
dust within the LGM period, despite it not being the closest While the upper bound of this result is still a little on the
data point in time to the temperature point that they used. Iiow side compared to some estimates, we have omitted some
is apparent by eye that the dust and temperature time serignajor sources of uncertainty. Perhaps most notably, this type
have strong variability, and we now show that their resultsof analysis implicitly assumes that the sensitivity is constant
are highly sensitive to the specific data points that they chosefor a wide range of different forcings (which are themselves
by presenting a methodologically identical analysis based orassumed to combine linearly) and also for radically different
different data points. background climatic conditions. Accounting for these fac-
To demonstrate this, we selected a local temperature maxtors would certainly increase the uncertainty of this result,
imum during the LGM interval, which is actually closer in and there is some evidence that the feedbacks in a colder cli-
time to the dust value than the temperature minimum thatmate state may be slightly lower than for a warmer dthar{
CLO8 used. We also choose a local minimum in the temperagreaves et al.2007 Yoshimori et al, 2009. However re-
ture data close to 41 ka BP. These points are indicated in blusults may vary between models, and there is still much debate
in Fig. 1. We then followed the same procedure as CL08, es-over how useful paleoclimate analyses can be for informing
timating the global temperature change as 40-50% of the loen future climate changes$S¢hneider von Deimling et al.
cal temperature change, with other estimates from their anal2006 Crucifix, 200§. The validity of the Vostok data around
ysis left unaltered. Values for dust, greenhouse gases, andi2 ka as representative of global climate changes is also dis-
albedo (including uncertainties for the latter) were not alteredputed Ganopolski and von Deimling2008, although our
from CLO8'’s choices. When exactly the same analysis proce4000-year smoothing may help to reduce this problem. Nev-
dure is followed with these slightly modified input data, the ertheless, we can at least draw the conclusion that these pa-
results are strikingly different. The dust forcing factar, is leoclimate data do not pose any significant challenge to the
now found to be negative, with a dust forcing for the LGM widely-held view that climate sensitivity is likely to lie in
to Holocene transition of approximatelyl+0.4 Wn1 2 (at the range 2—-4%C (IPCC 2007: Summary for Policymakers,
one standard deviation), incompatible with CL08's estimateSolomon et al.2007) and may indeed provide some support
of 3.3:0.8 WnT2. The climate sensitivity to a doubling of for a figure in this range.
CQO, is now estimated to be about 3G, with a 95% range
of 2.6-4.8C, compared to CL08'’s estimate of 1.3-Z2_3

Temperature (x 0.1C), normalised dust concentration
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