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complexity, and each makes different assump-
tions about and approximations of processes 
that happen on small scales, such as cloud 
formation.

The CMIP6 models include more sophisti-
cated treatments of ice, water and clouds than 
earlier ones did, including those in phase 5 
(CMIP5). The latest models also include a wider 
variety of physical processes than before. 
As models become more realistic, they are 
expected to converge. In the meantime, indi-
vidual improvements can affect how sensitive 
the models are to certain warming processes, 
in ways that are often impossible to predict.

The Intergovernmental Panel on Climate 
Change (IPCC), to its credit, has recognized 
this ‘hot model’ problem. Scientists contrib-
uting to the main sections of its Sixth Assess-
ment Report (AR6; published over the past 
few months) reconciled the newest climate 
models with key observational constraints 
on global mean warming, sea-level rise and 
ocean heat content, and other analyses. They 
applied statistics to determine the most rea-
sonable projections, consistent with many 
lines of evidence, which they call ‘assessed 
warming’. 

Unfortunately, little guidance was made 
available for scientists wishing to study pro-
jections in other contexts. We are concerned 
that in the absence of such guidance, much 
of the scientific literature is at risk of report-
ing projections that are inconsistent with 
the approach taken by the IPCC, and that are 
overly influenced by the hot models. 

Studies that cover monthly or daily extremes 
or regional climate impacts, for example, are 
instead left to use the full set of CMIP6 models. 
And simply taking an average of those leads to 
higher projections of warming than the IPCC’s 
assessed-warming averages. As a result, some 
studies have reported projections that might 
be inconsistent with AR6 assessments. Find-
ings that show projected climate change will 
be ‘worse than we thought’ are often attribut-
able to the hot models in CMIP6.

It is important to emphasize that, whereas 
unduly hot outcomes might be unlikely, this 
does not mean that global warming is not a 
serious threat. Multiple lines of evidence 
establish that the planet is more than 1 °C 
warmer than it was before the Industrial Rev-
olution, and that further warming poses severe 
risks to society and the natural world. There 
are many aspects of climate change we do not 
yet understand, hence the continued necessity 
of climate science. But there is no serious dis-
agreement that continued emissions will lead 
to dangerous levels of warming. 

The IPCC came up with a solution for global 
mean projections. Now researchers, commu-
nities and policymakers need more informa-
tion. To inform better practice, we outline here 
what the IPCC has done differently in AR6, and 
offer some suggestions on how best to address 
these gaps. 

Hot tail
The largest source of uncertainty in global 
temperatures 50 or 100 years from now is 
the volume of future greenhouse-gas emis-
sions, which are largely under human control. 
However, even if we knew precisely what that 
volume would be, we would still not know 
exactly how warm the planet would get. This 
is because human-caused global warming is an 

enormous experiment that has no precedent, 
and feedback processes, such as changes to 
cloud cover, will affect the pace and magnitude 
of warming. 

To quantify the influence of these effects, 
climate modellers define standardized met-
rics. One is the transient climate response 
(TCR), or the amount of global warming in 
the year in which atmospheric CO2 concen-
trations have finally doubled after having 
steadily increased by 1% every year. A second 
metric is equilibrium climate sensitivity (ECS), 
the eventual long-term temperature response 
to CO2 concentrations that have doubled and 
remain doubled. The two metrics are dis-
tinct but related: ECS measures a long-term 
equilibrium climate response, whereas TCR 

CLIMATE MODELS: CHOICE MATTERS
The IPCC’s Sixth Assessment Report (AR6) assessed dozens of computer models 
to project global temperature change (four scenarios shown). Some of these 
projections were ‘too hot’ when compared with other lines of evidence for 
climate warming in response to carbon dioxide emissions8. Researchers using 
all these models without the AR6 statistical adjustments could end up 
overestimating future temperature change.

*Using the transient climate response (TCR) metric in the range 1.4–2.2 °C deemed as “likely” in AR6. (TCR is the amount of global 
warming in the year in which atmospheric CO2 concentrations have doubled after having steadily increased by 1% each year.)
tGlobal mean surface temperatures are relative to a 1850–99 baseline.
IPCC, Intergovernmental Panel on Climate Change; SSP, Shared Socioeconomic Pathway.
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Future projections of climate rely on coupled climate models, but 
those models vary in sensitivity to increasing CO2, a key metric that 
largely determines how much climate will change under any specific 
scenario.

About a quarter of the models are too sensitive (based on constraints) 
and therefore project too much warming. 

The average of the all the models has historically outperformed any 
individual model – until now. 

For the first time, the average is warmer than the most recent 
projections from the Intergovernmental Panel on Climate Change 
(IPCC), which accounted for ‘hot models.’

We demonstrate how researchers can apply similar statistical and 
observational methods like IPCC’s and thus project future climate 
states that are much more in line with the IPCC assessed warming.

The NASA GISS model fortunately has a sensitivity in line with the 
IPCC assessment. 
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