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A warning from the past: future global warming may be warmer still 
 
(Punta Arenas, Chile and Copenhagen, Denmark) Global warming from human-induced greenhouse gas 
emissions will not only depend upon the amount of future emissions but also upon the warming effect of the 
additional amount of such gases in the atmosphere. This effect, called climate sensitivity, is usually defined as 
the amount of warming from a doubling of the amount of CO2 in the atmosphere. In turn, climate sensitivity 
depends on properties of the climate system such as the type and extent of clouds.  Because of uncertainty in 
such properties (called feedbacks), present estimates of climate sensitivity span a large range from 1.5 to 4.5 
°C (2.7 to 8.1°F). However such feedbacks, and thereby climate sensitivity, may vary with global warming 
itself, as indicated by some climate model simulations. In a paper published online in the journal, Geophysical 
Research Letters (http://onlinelibrary.wiley.com/doi/10.1002/2016GL069243/full), it is shown that climate 
sensitivity was higher than present in past warm epochs. As explained by Professor Gary Shaffer (University 
of Magallanes (Chile), and University of Copenhagen) who led the study, this is bad news for humanity since 
“greater climate sensitivity from warming would make the Earth warm more, thereby further amplifying the 
warming”.   
 
The study was based on reconstructions and climate-carbon model simulations (with the Danish Center for 
Earth System Science (DCESS) model) of conditions before and during an ancient global warming event 56 
million years ago. The event known as the Paleocene-Eocene Thermal Maximum (PETM) was initiated by 

massive releases of carbon into the atmosphere and has 
therefore been touted as a possible analogue for ongoing 
global warming. Reconstructions of past temperature 
show that the Earth was already about 10 °C warmer 
than today before the event and then warmed about 5 °C 
more into the PETM. In the study, a number of 
reconstruction constraints (mineralogical, carbon cycle 
and isotopes)  were combined with the model 
simulations to estimate atmospheric CO2 concentrations 
before and during the PETM as well as the amount and 
type of carbon released. In turn, these CO2 estimates and 
paleotemperature reconstructions were used to calculate 
climate sensitivities. These were found to increase from 
today’s average of about 3 °C to about 4.5 °C before and 
5.1 °C during the event (LP and PETM in the figure). 
When combined with recent climate sensitivity 

estimates from the Last Glacial Maximum that was 3 - 4 °C colder than present and with the present estimates 
(LGM and MD in the figure), the results of the study provide strong evidence for a climate sensitivity increase 
with warming.  
 
Professor Shaffer notes that “Our results show that the carbon input driving the PETM warming event was 
about the same size as the present, “easily extractable” reserve of fossil fuel carbon, which is about 4 trillion 
tons. But warming from injecting so much carbon into the present climate system would be much greater today 
than during the PETM, perhaps approaching 10 °C. This is so because present atmospheric CO2 concentration 
is much lower than before the PETM, 400 ppm (parts per million) compared to about 1000 ppm, and because 
we are releasing carbon to the atmosphere much faster than the PETM carbon release rate.  If on top of that 
we now factor in the climate sensitivity increase with warming we have found, it becomes all the more urgent 
to limit ongoing global warming by greatly reducing anthropogenic greenhouse gas emissions as soon as 
possible.” 
 
Co-authors in this study were Matthew Huber (Purdue University and the University of New Hampshire), 
Roberto Rondanelli (University of Chile) and Jens Olaf Pepke Pedersen (Technical University of Denmark). 
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