










The Earth’s Energy Balance

• Energy to drive the atmosphere 

comes from the sun

• Energy transmitted as Radiation



Electromagnetic Spectrum



What is the Temperature of the Earth?
Provide an estimate



No Greenhouse Effect

• Solar radiation

0°F



The Greenhouse Effect



Different gases 

in the atmosphere

are selective 

absorber and emitters

Thus, they are more

important in the

“Greenhouse effect”



The Natural Greenhouse Effect

Greenhouse gases

• Solar radiation

Long-wave 

radiation

59°F











Components of the climate system that would be expected 

to change in a warming world





Different gases 

in the atmosphere

are selective 

absorber and emitters

Thus, they are more

important in the

“Greenhouse effect”



















Attribution

• are observed 
changes consistent 
with expected 
responses to forcings

• inconsistent with 
alternative 
explanations

Observations

All forcing

Solar+volcanic



Global-average radiative forcing estimates and ranges



"extremely likely”  humans caused 

"more than half of the observed 

increase in global average surface 

temperature from 1951 to 2010,” 



The Enhanced Greenhouse Effect

Greenhouse gases

59°F

Enhanced greenhouse 

effect
Double* CO2 direct effect 

+ 2-3°F 

Double CO2  plus 

feedbacks

+ 4-6°F +/-??? 

*Double the pre-industrial level, likely to be reached by 2050
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Greenhouse gases
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Surface 

temperature 

predictions

…since 1750









By the end of the century

+ 2.5°F to more than 
13°F

Number of days over 
90°F

From: Global Climate Change Impacts in the US





Who is responsible?

What can be (or has) done?





Spatial Distribution of Greenhouse Gas Emissions









Global Mean Temperature Change by 2100

Global Mean Temperature Change from 1990 (
o
C)
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No Policy

Policy

1 in 20 chance 

of exceeding 4.9o

1 in 20 chance 

of exceeding 3.2o




