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What is a GCM?
 A GCM is a three-dimensional global climate model

 Models run for thousands of years
 Models are derived from fundamental physical 

laws which are modified to approximate the
large-scale climate system.
 23 models were used in the AR4
 Notable progress in recent years
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What about resolution?
 Computational 

constraints limit 
the resolution that 
is possible in 
model equations.
three-dimensional 
models
 Atmosphere: 

2° x 2°, on average
 Ocean: 

1.5° x 1.5°, on 
average







Atmospheric GCMs (AGCM)

orography, vegetation and 
surface characteristics 
included at surface on 
each grid box

vertical exchange 
between layers of 
momentum, heat 
and moisture

Horizontal exchange 
between columns of 
momentum, heat and 
moisture

Dr. David Vinter, 1998, 2002



Combined GCMs (AOGCM)





Global Carbon Cycle



Special Report on Emissions Scenarios
(SRES)

 Available at http://www.grida.no/climate/ipcc/emission/

 4 storylines 
 Consider future greenhouse gas pollution, land-use change, and other 

driving forces
 Peak Oil is not discussed
 Do not include additional climate initiatives (e.g., UNFCCC or Kyoto 

Protocol emissions targets

 40 different scenarios, grouped by family into the storylines
 These are not predictions or forecasts! 
 There is NO “best guess” scenario
 Scenarios are NOT policy recommendations

 6 scenario groups are considered equally sound and span a 
wide range of uncertainty

http://www.grida.no/climate/ipcc/emission/�


SRES: A1 Storyline – A more integrated world

 Rapid economic growth (~3%/year to 2100)
 Strong commitment to market-based solutions

 Global population reaches 9 billion in 2050 and 
gradually declines

 Quick spread of new and efficient technologies
 High rates of investment and innovation at national & 

international level
 Convergent world

 Income and way of life converge between regions
 Extensive social and cultural interactions worldwide



SRES: A1 Storyline Subsets

 A1F1 
 Emphasis on fossil fuels

 A1B 
 Balanced emphasis on all energy sources

 A1T
 Emphasis on non-fossil energy sources



SRES: A2 Storyline – A more divided world

 World of independently operating, self-reliant 
nations (lower trade flow, less international 
cooperation)

 Continuously increasing population (15 billion by 
2100)

 Regionally oriented economic development
 Self-reliance and preservation of local identities

 Slower and more fragmented technological changes 
and improvements to per capita income
 Primary changes in agricultural productivity to feed the 

15 billion



SRES: B1 Storyline – A more integrated, more 
ecologically friendly world

 High level of environmental and social consciousness; 
globally coherent approach to more sustainable 
development

 Rapid economic growth as in A1, but with rapid changes 
towards a service and information economy

 Global population reaches 9 billion in 2050 and gradually 
declines as in A1

 Reductions in material intensity and the introduction of 
clean and resource efficient technologies
 Smooth transition to alternative energy systems as conventional oil 

and gas resources decline
 Emphasis on global solutions to economic, social and 

environmental stability



SRES: B2 Storyline – A more divided, but more 
ecologically friendly world

 Increased concern for environmental and social 
sustainability compared to A2, with shift to local 
and regional decisions

 Continuously increasing population, but at a 
slower rate than in A2

 Emphasis on local, rather than global, solutions to 
economic, social and environmental stability

 Intermediate levels of economic development
 Less rapid and more fragmented technological 

change than in B1 & A1.



Global annual CO2 emissions – all sources
(6 scenario groups)





You can try it out for yourself with EdGCM!
http://edgcm.columbia.edu



Downscaling global models for regional studies



Downscaling -- Winter



Downscaling -- Summer
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