






Climate sensitivity

-In a bell jar: ~1.2 oC per CO2 doubling

-In the Earth system: ~3 oC per CO2 doubling

Arrhenius (1896): Charney (1979): IPCC (2007):
2.0-5.5 oC 1.5-4.5 oC 2.0-4.5 oC



Climate sensitivity

Factors included (IPCC):
-water vapor
-sea ice
-cloud
-aerosolsaerosols

Factors NOT included:
ti t l i h t-continental ice sheets

-changing vegetation cover
-variable mixing ratios of other trace

earthobservatory.nasa.gov

g
greenhouse gases (CH4, N2O)



Earth system sensitivity (ESS)

Long-term (>103 yrs), Earth-system response in global 
temperature to a CO2 doubling2

Why ESS is valuable:
-Understanding geologic pastUnderstanding geologic past
-Understanding present-day climate change (because ESS 
captures the ultimate equilibrium temperature response)

CRITICAL CAVEAT: may take 1000s of years to reach 
equilibrium. Does this matter? Probably depends on the 
person…



ESS during Pliocene (4.5-3.0 Myrs ago)

Data from Pagani et al. (2009, Nature Geoscience 3: 27-30)



ESS during the Cretaceous and early 
P l (125 45 M )Paleogene (125-45 Myrs ago)

Royer, Pagani & Beerling (in prep)
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ESS during the Cretaceous and early 
P l (125 45 M )Paleogene (125-45 Myrs ago)

Royer, Pagani & Beerling 
(in prep)



ESS during the Cretaceous and early 
P l (125 45 M )Paleogene (125-45 Myrs ago)

Glaciated
Earth

Royer, Pagani & Beerling 
(in prep)



It’s not just magnitude of CO2 change…

modified from Falkowski et al. (2000, Science 290: 291-296)



45 miles down…55 to go…


