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CORRESPONDENCE

To the Editor — In their Commentary 
“Quantifying climate change — too rosy a 
picture?”, Schwartz et al.1 suggest that the 
estimated uncertainties associated with future 
warming presented in the Intergovernmental 
Panel on Climate Change Fourth Assessment 
Report (AR4)2 do not correspond to the 
AR4 assessment of uncertainties associated 
with radiative forcing (that is, a measure of 
the infl uence that a factor has in altering the 
Earth’s balance of energy and thereby causing 
warming or cooling of surface temperatures). 
In doing so, they criticize estimates of climate 
sensitivity (that is, the increase in global 
mean surface temperature expected from 
a doubling of atmospheric CO2 levels) and 
estimates of future warming. However, they 
have misinterpreted the use of AR4 Fig. SPM-
4 (shown here as Fig. 1) and, as such, their 
criticisms are misplaced. In the following, we 
summarize key aspects of the AR4 uncertainty 
analyses that were neglected by Schwartz et al.

AR4 Fig. SPM-4 illustrates that no 
model simulation has reproduced observed 
warming by natural forcing alone for any 
continent (note that the data for Antarctica 
were insuffi  cient to make an assessment 
for the AR4). Atmosphere/Ocean Global 
Climate Models (AOGCMs), however, are 
able to reproduce the observed warming 
on global and continental scales when 
taking historical natural and anthropogenic 
forcing into account.

It is clear that the twentieth century 
climate simulations in AR4 Fig. SPM-4 
do not span the full range of uncertainty 
in radiative forcing or climate sensitivity. 
As Schwartz et al. point out, and as is well 
known, models with diff ering sensitivities 
and forcings can produce similarly skilful 
twentieth century simulations. However, 
the AR4 assessment did not derive 
estimates of climate sensitivity, of future 
warming, or of past warming attributable 
to greenhouse gases directly from these 
simulations2. Instead, uncertainty ranges for 
climate system properties such as climate 
sensitivity3,4 were derived from many sources 
including constraints from observed climate 
change and from studies that systematically 
varied uncertain model parameters and 
forcing4, the latter oft en covering or 
extending beyond the uncertainty range 
from the AR4 assesment (ref. 5).

Many estimates separate the observed 
temperature change caused by greenhouse 
gases from that caused by aerosols using, for 
example, temporal changes in aerosols4 and 
diff erence in warming between the Southern 

and Northern Hemisphere, which is partly a 
response to diff erent amounts of aerosols in 
each region. In contrast to the suggestion of 
Schwartz et al. global climate model estimates 
are just one of many sources of information 
on climate sensitivity that are accounted for 
in the AR4 “likely 2–4.5 °C” range3. Indeed, 
the AR4 assessed the climate sensitivity to 
have up to a 33% chance of being outside the 
range of the global climate models.

In the AR4 assessment, ‘likely’ ranges for 
future changes in global mean temperature 
also result from the consideration of multiple 
sources of uncertainty. Th is is refl ected by 
the grey ranges in AR4 Fig. SPM-5 (shown 
here as Fig. 2), which indicate the likely 
warming in 2100 depending on which 
emissions scenario is followed. Th ese 
ranges are substantially wider than those of 
individual global climate models2,3 depicted 
by the coloured bands. Nevertheless, despite 
wide uncertainty ranges in the rate of 

warming in response to forcing (transient 
climate response) and in the total amount 
of forcing, some combinations of transient 
climate response and forcing are inconsistent 
with the observed record because they 
would yield too strong or too weak overall 
warming, or the wrong time-evolution or 
spatial pattern of warming. Th is has been 
used to narrow the range of uncertainty in 
future warming presented in the AR4.

A further problem in the analysis of 
Schwartz et al. is that they assume the 
uncertainties associated with forcing and with 
temperature response at year 2000 are linearly 
related (Schwartz et al. Figure 2). Such a 
simple relationship does not exist because 
temperature today is not in equilibrium with 
current forcing, but instead is infl uenced by 
historical forcing. Furthermore, ocean heat 
uptake is likely to be diff erent for each model. 
Additionally, Schwartz et al. ignore that the 
twentieth century model results in their Fig. 2 

Assessing uncertainty in climate simulations

Figure 1. Comparison of observed continental- and global-scale changes in surface temperature with 
results simulated by climate models using natural and anthropogenic forcings. Decadal averages of 
observations are shown for the period 1906 to 2005 (black line) plotted against the centre of the decade 
and relative to the corresponding average for 1901–1950. Lines are dashed where spatial coverage is 
less than 50%. Blue shaded bands show the 5–95% range for 19 simulations from fi ve climate models 
using only the natural forcings due to solar activity and volcanoes. Red shaded bands show the 5–95% 
range for 58 simulations from 14 climate models using both natural and anthropogenic forcings.
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are compared with a 1901–1950 baseline 
specifi c to each model. Th e model range for 
the year 2000 is therefore smaller than if the 
models had been compared with the baseline 
year of 1750, which is used for estimates of 
radiative forcing.

We conclude that the skill of climate 
models in reproducing warming over the 
twentieth century shown in AR4 does not 
imply that the IPCC has under-estimated 
uncertainty in future warming. Uncertainty 

ranges are not based on the ability of the 
multi-model ensemble to reproduce twentieth 
century global mean warming. Instead, the 
AR4 assessment of future warming provides 
important new probabilistic information that 
incorporates multiple sources of uncertainty, 
including observational data.
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Authors’ response — In their reply to 
our Commentary1, Forster et al.2 mainly 
criticize us for points which we did not 
make regarding climate sensitivity and 
future global warming and fail to come to 
grips with our central point, namely that 
in assessing the skill of climate models by 
their ability to reproduce warming over the 
twentieth century, the latest report from 
the IPCC3 may give a false sense of their 
predictive capability. Increasing the spread 
of the modelled twentieth century climate 
change may have implications for estimates 
of climate sensitivity and its uncertainty and 
for projections of future climate change, but 
those implications cannot be determined 
unless the consequences of uncertainties in 
forcing are systematically examined.

Additionally, we have several specifi c 
points in response to Forster et al. as follows:
• Changes in forcing over time that are 
scaled by a constant factor would, for a 
linear relationship between forcing and 
response, result in a relative change in surface 
temperature of the same factor irrespective of 

the time period over which the temperature 
change was measured. Th ere would thus 
seem to be little justifi cation for relying on the 
modelled temperature change not responding 
linearly to the applied forcing or the 
temperature change not being in equilibrium 
with the forcing as the reason for reduction 
in uncertainty in temperature change relative 
to that of forcing in the absence of model 
experiments explicitly examining these points.
• No comfort should be taken in the fact 
that diff erent models used in the study may 
exhibit diff erent rates of ocean heat uptake; 
rather the goal of stringent examination 
of model performance should be to rule 
out, or improve, those models that poorly 
represent the process being simulated.
• We did not dispute that forced simulations 
are necessary for models to exhibit the 
observed increases in surface temperature.

Climate models are essential for 
examining prospective future climate 
change that would result from changes in 
atmospheric composition and other forcings. 
We anticipate that much progress would be 

made in understanding and characterizing the 
present suite of climate models if the IPCC 
and modelling groups that participated in the 
exercise leading to Fig. SPM-4 (ref. 3) were to 
systematically examine the implications of the 
uncertainty in forcing. Only by constraining 
the forcing will it be possible to rule out 
models that skilfully reproduce twentieth 
century warming for the wrong reason.
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Figure 2. Solid lines are multi-model global averages of surface warming (relative to 1980–1999) for the 
scenarios A2, A1B and B1, shown as continuations of the 20th century simulations. Shading denotes the ±1 
standard deviation range of individual model annual averages. The orange line is for the experiment where 
concentrations were held constant at year 2000 values. The grey bars at right indicate the best estimate 
(solid line within each bar) and the likely range assessed for the six SRES marker scenarios. The assess-
ment of the best estimate and likely ranges in the grey bars includes the AOGCMs in the left part of the 
fi gure, as well as results from a hierarchy of independent models and observational constraints.
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