Why Low-End Climate Sensitivity Can Now Be Ruled Out
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Aug. 7, 2020 (Carbon Brief) – After 4 years of labor and detailed discussions by an international team of scientists, we are able to quantify better than ever before how the world's surface temperature responds to increasing CO2 levels. 
Our findings, published in Reviews of Geophysics, narrow the likely range in “equilibrium climate sensitivity” (ECS) – a measure of how much the world can be expected to warm for a doubling of CO2 above pre-industrial levels.
Constraining ECS has remained a holy grail in climate science, ever since U.S. meteorologist Jules Charney suggested a possible range of 1.5°C to 4.5°C in his 1979 report.  His estimate was largely based on the world’s 1st 2 global climate models, which gave different estimates of 2°C and 4°C, when they performed a simple experiment where atmospheric CO2 levels were doubled.
Since then, despite more than 40 years of research, much improved understanding of atmospheric processes, as well as many more detailed observations, this range has stubbornly persisted.
Now, bringing together evidence from observed warming, Earth’s distant past and climate models, as well as advances in our scientific understanding of the climate, our findings suggest that the range of ECS is likely to be between 2.6 and 4.1°C.
This narrowed range indicates that human society will not be able to rely on a low sensitivity to give us more time to tackle climate change.  But the silver lining to this cloud is that our findings also suggest that very high ECS estimates are unlikely.
Stubbornly Wide Range
How sensitive the Earth’s climate is to increasing atmospheric CO2 is a fundamental question for climate science.  It essentially dictates how much the Earth’s surface will warm in response to human-caused CO2 emissions.
Concentrations of CO2 in the atmosphere have increased from pre-industrial levels of 280 parts per million (ppm) to around 416 ppm today.  Without actions to reduce emissions, concentrations are likely to reach 560 ppm – double pre-industrial levels – around the year 2060.
However, the estimated range for ECS has remained stubbornly wide.  The  Intergovernmental Panel on Climate Change (IPCC) 4th assessment report (AR4), published in 2007, concluded that ECS was likely – in IPCC language this means a >66% chance – between 2.0 and 4.5°C.  This suggested that estimates lower than 2°C were unlikely and finally indicated that some progress was being made.
However, this improvement was reversed in the IPCC’s 5th assessment report (AR5) in 2013, which reverted to the canonical 1.5°C to 4.5°C range for its likely estimate.
Why the reversal?  Since the 2000s, estimates of ECS were not just coming from climate models, they were being estimated from studies of past climate (“paleo-climatology”), from interpretations based on historical observations of temperature change, as well as from studies of the underlying climate feedback processes.
At the time when the AR5 report was being written, the historically based estimates were coming out with best estimates of ECS around 2°C.  In contrast, estimates from process understanding and modeling supported the upper end of the Charney range.  While the ranges overlapped, this divergence between estimates based on observed climate change, on the one hand, and understanding and modeling of the processes that govern climate sensitivity on the other, was worrying.
Since 2013, there has been a concerted effort by scientists to understand the technical details of why estimates differ and to take the first tentative steps towards reconciling the disparate estimates from different lines of evidence.
Our new study illustrates this improved understanding of how different, independent lines of evidence relate to each other.  It allows them to be formally combined, to place stronger constraints on ECS than in any previous overall assessment.
Likely Range
Our research suggests that the likely ECS range is 2.6 to 4.1°C, with a best estimate of slightly above 3°C.  Outside this range, we find a less-than-5% chance that ECS is below 2°C and a 6-18% chance it is above 4.5°C.
We also produced an estimate for “effective climate sensitivity” – a slightly different measure from ECS – of 2.6 to 3.9°C.  (ECS is a warming estimate once the climate has reached equilibrium after CO2 levels are doubled.  This is sometimes impractical to assess and simulate, because the climate can take 1,000s of years to truly reach equilibrium.  Effective climate sensitivity is a common workaround, which typically extrapolates the warming 150 years after a doubling of CO2.)
At first glance, this may not seem like a massive improvement over the last IPCC report.  But, in fact, it has important implications for the understanding of climate science and for our confidence in the projected range of 21st century warming.
The chart below [see original URL] shows how the likely ECS range from our study (black box), compares with AR5 (grey) and the full range of estimates from the 5th (blue) and 6th (orange) coupled model inter-comparison projects (CMIP).  (The CMIP5 model projections fed into AR5, while CMIP6 will underpin the forthcoming 6th assessment report, AR6.)
Comparison with Models
The earlier figure in this article showed that some CMIP6 models are outside the ECS ranges given in the paper, both at the high and low ends.
Our work suggests that models with an ECS outside of our range are unlikely to be representative of the true ECS and can, therefore, be expected to either overestimate or underestimate future temperature change.
However, our study is not definitive and there is still space in the statistics for values at the high end of ECS, in particular, as this is less well constrained than our lower end.  Therefore, our work cannot definitively rule out these high-end models.
Further, other studies have found that, in many ways, simulations with high ECS values are improved.  Therefore, it remains a useful precautionary measure to include these high ECS models when assessing future risks.
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