
Temperature and 
climate sensitivity

Resources:
- Global warming science: chapter 3



2020: CO₂ at 420 
ppm but with other 
greenhouse gases 
it is ~500 ppm



Observed and projected warming

IPCC AR5, 
2013



Global mean surface warming



Temperature increase is not steady and 
uniform in space

● Hiatus periods: warming is not constant in time (periods of no warming) due 
to internal climate variability

● Transient response vs equilibrium climate sensitivity: the key role of the 
ocean in delaying global warming

● Polar amplification: warming is larger at high latitudes (especially in the 
Northern Hemisphere)

● Stratospheric cooling: the stratosphere cools in response to increased 
greenhouse gases















The key role of the ocean in delaying global warming



Climate sensitivity
"The change in the surface temperature in response to a 
doubling in the atmospheric carbon dioxide (CO2) concentration 
from pre-industrial levels."   IPCC range: 2-4°C

Transient climate response

Initial rise in global mean 
temperature when CO2 levels 
double

Equilibrium climate 
sensitivity

The larger long-term temperature 
response after the planet adjusts 
to 2xCO2. Includes adjustments 
after climate feedbacks.









Transient climate response:
the role of ocean depth in an 
idealized mathematical model

To explain smaller temperature 
increase observed today we 
need to take into account the 
ocean







Polar amplification



Polar amplification





Mechanisms leading to Arctic warming amplification compared to mid-latitudes

1) Albedo feedback

Leads to very dramatic warming of 
the ocean in the Arctic

Min. temperature of 
seawater: -1.8°C

Temperature of air 
over sea-ice: -20/30°C



2) Planck feedback



2) Planck feedback



3) Lapse rate feedback



3) Lapse rate feedback



3) Lapse rate feedback



The troposphere is warming, the stratosphere is cooling



Stratospheric cooling









Climate sensitivity 
& 

climate feedbacks



Climate sensitivity Forcing

Feedback 
parameter
𝝀=𝝀1+𝝀2+...

[𝝀]=[K/(Wm-2)]

F





List of major climate feedbacks:

● Planck: always negative (globally at TOA) 
● Water vapor: positive
● Albedo: positive 
● Lapse rate: negative (tropics), positive 

(poles), net is positive
● Cloud feedback: negative if low-level clouds 

increase due to more water vapor, positive if 
high-levels clouds increase due to more water 
vapor (highly uncertain)



IPCC AR6


