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● Review paper

● Climate change drivers
● Temperature (longer time horizon, ~ 1750 – present)
● Precipitation (20th century alone)

● Two main questions:
● “When did the response to greenhouse gases emerge 

on hemispheric and global scales?”
● “What factors cause decadal and multidecadal 

deviations from the greenhouse warming trend?”
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y = Xa + u

y: n x 1 vector

X: n x m matrix

a: m x 1 vector

u: n x 1 vector

n: number of observations (length of time series)

m: number of ‘fingerprints,’ i.e., factors impacting y



  

Mt. Tambora eruption
(Sumbawa, Indonesia)



  



  



  



  



  

What caused these spatially diverse long-term trends?

“Detection and Attribution” analyses



  



  



  



  



  

Role of (internal) climate forces in 

effecting global temperature change

- the atmosphere: NAO

- the ocean: heat flux



  



  



  



  



  

● Greenhouse gases play an important role in global 
temperature change
● But also aerosols and natural variability

● Our knowledge about impact of aerosols has high 
uncertainty

● Natural modes of variability like the NAO play an 
important role

● Extent of natural variability induced by solar forcing is 
unknown

Take Home Messages

(official)



  

● Spatial heterogneity in temperature change is due to 
reional differences in ‘absorbing’ the forcings

● Aerosols (volcanic and man made) can offset GHG 
impacts in a complicated way

● Atlantic bias?
● What is the role of the ENSO?

● Northern Hemisphere bias?
● What is the role of the Southern Ocean?

Take Home Messages

(personal)
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