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[1] Climate models reproduce the observed surface
warming better than one would expect given the
uncertainties in radiative forcing, climate sensitivity and
ocean heat uptake, suggesting that different models show
similar warming for different reasons. It is shown that while
climate sensitivity and radiative forcing are indeed
correlated across the latest ensemble of models,
eliminating this correlation would not strongly change the
uncertainty range of long-term temperature projections.
However, since most models do not incorporate the aerosol
indirect effects, model agreement with observations may be
partly spurious. The incorporation of more detailed aerosol
effects in future models could lead to inconsistencies
between simulated and observed past warming, unless the
effects are small or compensated by additional forcings. It is
argued that parameter correlations across models are neither
unexpected nor problematic if the models are interpreted as
conditional on observations. Citation: Knutti, R. (2008), Why

are climate models reproducing the observed global surface

warming so well?, Geophys. Res. Lett., 35, L18704, doi:10.1029/

2008GL034932.

1. Introduction

[2] Detection and attribution studies show that most of
the observed surface warming over the last fifty years is
‘very likely’ (>90% probability) caused by anthropogenic
forcing, and ‘very unlikely’ due to internal variability or
known natural forcings [Hegerl et al., 2007]. These con-
clusions are based on comparing spatio-temporal patterns
between observations and models (allowing the amplitudes
of the responses to different forcings to vary), rather than
just the time evolution of global temperature. Yet, the
agreement between the simulated and observed global
temperature is often used as a supporting argument in the
model evaluation process, and certainly as a visual demon-
stration of consistency between the theoretical understand-
ing of the climate system, its implementation in general
circulation climate models (GCMs) and the observed trends
[Intergovernmental Panel on Climate Change (IPCC), 2007,
Figure SPM.4, FAQ 8.1, Figure 1]. It is assumed that a
successful hindcast of temperature changes over the 20th
century increases our confidence in projections of future
warming. Indeed, constraining models on past trends
improves their agreement in future projections, and can be
used to produce probabilistic projections [Allen et al., 2000;
Knutti et al., 2002; Stott and Kettleborough, 2002].

[3] This study uses the World Climate Research Pro-
gramme’s (WCRP’s) Coupled Model Intercomparison Proj-
ect phase 3 (CMIP3), a set of simulations with different
GCMs used in the IPCC Fourth Assessment Report (AR4)
[IPCC, 2007]. Recently published consensus estimates of
projected warming [Meehl et al., 2007; Knutti et al., 2008]
are constrained by observations but do not explicitly use
global temperature agreement of the CMIP3 models with
observations to define model weights or as a measure of
confidence. However, a simulation of the past global
temperature in agreement with observations in the CMIP3
models is seen as a prerequisite for a consistent explanation
of human induced climate change.
[4] The agreement between the CMIP3 simulated and

observed 20th century warming is indeed remarkable
[Hegerl et al., 2007, Figure 9.5a]. But do the current models
simulate the right magnitude of warming for the right
reasons? How much does the agreement really tell us?
Kiehl [2007] recently showed a correlation of climate
sensitivity and total radiative forcing across an older set
of models, suggesting that models with high sensitivity
(strong feedbacks) avoid simulating too much warming by
using a small net forcing (large negative aerosol forcing),
and models with weak feedbacks can still simulate the
observed warming with a larger forcing (weak aerosol
forcing). Climate sensitivity, aerosol forcing and ocean
diffusivity are all uncertain and relatively poorly con-
strained from the observed surface warming and ocean heat
uptake [e.g., Knutti et al., 2002; Forest et al., 2006]. Models
differ because of their underlying assumptions and param-
eterizations, and it is plausible that choices are made based
on the model’s ability to simulate observed trends.

2. Results

[5] To reproduce the observed surface warming over the
industrial period, a high (low) climate sensitivity can be
combined with a small (large) net radiative forcing and/or a
high (low) ocean heat uptake. A small (large) total forcing is
usually the result of a strong (weak) negative aerosol
forcing. There is no correlation between the climate sensi-
tivities of the CMIP3 models and their respective heat
uptake efficiencies (the heat flux into the ocean per unit
global surface warming at the point of CO2 doubling in a
1%/yr CO2 increase scenario). This is not surprising, since
both quantities are diagnostic quantities that usually come
out at the end of the model development process. Being
determined by a large number of interacting processes and
feedbacks, they are not easily tunable parameters in GCMs.
Radiative forcing is not available for most CMIP3 models,
but can be diagnosed from an energy balance approach
(see Forster and Taylor [2006] for details). It is shown in
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