
WHAT WE KNOW
Well-established science on climate change





THE CLIMATE IS CHANGING

climate.nasa.gov



HUMAN ACTIVITIES ARE RESPONSIBLE

“What’s Really Warming The World?”
Bloomberg News



CLIMATE CHANGE: MORE THAN WARMING

National Center for Atmospheric Research 
http://www2.ucar.edu/news/1036/record-high-temperatures-far-outpace-record-lows-across-us



SOME EXTREME EVENTS ARE WORSENING



Surface Air Temperature (ºC)

The difference between 2, 3, and 4ºC 
above pre-industrial and 1ºC (~ present 
day). 

Decadal snapshots taken from 6 
simulations from  RCP85 scenarios.

IMPACTS SCALE WITH TEMPERATURE

Courtesy of Gavin Schmidt, NASA GISS



Precipitation (% change)

The difference between 2, 3, and 4ºC 
above pre-industrial and 1ºC (~ present 
day). 

Decadal snapshots taken from 6 
simulations from  RCP85 scenarios.

IMPACTS SCALE WITH TEMPERATURE

Courtesy of Gavin Schmidt, NASA GISS



Snow cover (%)

The difference between 2, 3, and 4ºC 
above pre-industrial and 1ºC (~ present 
day). 

Decadal snapshots taken from 6 
simulations from  RCP85 scenarios.

IMPACTS SCALE WITH TEMPERATURE

Courtesy of Gavin Schmidt, NASA GISS



Sea ice cover (%)

The difference between 2, 3, and 4ºC 
above pre-industrial and 1ºC (~ present 
day). 

Decadal snapshots taken from 6 
simulations from  RCP85 scenarios.

IMPACTS SCALE WITH TEMPERATURE

Courtesy of Gavin Schmidt, NASA GISS



WE ARE COMMITTED TO MORE WARMING

• CO2 stays in the atmosphere for 
centuries
• The deep ocean takes millennia 

to come into equilibrium
• If we ceased all fossil fuel 

emissions instantaneously, the 
planet will continue to warm
• There is a 13% chance we have 

already exceeded the 1.5C limit.

Mauritsen and Pincus 2017



WHAT WE DON’T KNOW
What prevents us from knowing exactly what will happen?



SOURCES OF UNCERTAINTY

SCENARIO UNCERTAINTY

INTERNAL VARIABILITY

MODEL UNCERTAINTY

Hawkins and Sutton 2011



INTERNAL CLIMATE VARIABILITY



INTERNAL VARIABILITY IS LARGE ON 
REGIONAL SCALES

• The temperature is increasing 
almost everywhere
• On the global scale, the warming 

signal has emerged from the 
noise of internal variability
• On some regional scales, no 

clear attribution (yet) to human 
activities



SCENARIO UNCERTAINTY

• Possible future narratives:
• 1. Sustainability
• 2. Middle of the Road
• 3. Regional Rivalry
• 4. Inequality
• 5. Fossil-fueled Development

Carbon Brief



Temperature changes Climate changes

PHYSICAL UNCERTAINTY



TEMPERATURE (relative to 1986-2005 average)



TEMPERATURE (relative to 1986-2005 average)



TEMPERATURE (relative to 1986-2005 average)



WHAT WE’RE LEARNING
Recent advances in the field



IT WILL GET WARMER

EVENTUAL WARMING
(Inferred from conditions we’ve experienced so far)

THE FUTURE
(long-term changes triggered by 
warming)

WHAT COULD HAVE BEEN
(other modes of internal variability)



THERE ARE MANY POSSIBLE CLIMATES



BEWARE GEOENGINEERING

• Proposed solar radiation 
management schemes may 
lower the global average 
temperature
• Effects on precipitation much 

more uncertain and potentially 
damaging
• Ethics, governance, attribution, 

implementation are all issues




