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What is a GCM?

o A GCM is a three-dimensional global climate model
= Models run for thousands of years

o 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

Illustration by Mike Shibao
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FAQ 1.1, Figure 1. Estimate of the Earth’s annual and global mean energy balance. Over the long term, the amount of incoming solar radiation absorbed by the Earih and
atmosphere is balanced by the Earth and atmosphere releasing the same amount of outgoing longwave radiation. About half of the incoming solar radiation is absorbed by the
Earth's surface. This energy is transferred to the atmosphere by warming the air in contact with the surface (thermals), by evapofranspiration and by longwave radiation that is
absorbed by clouds and greenhouse gases. The atmosphere in turn radiates longwave enerqy back to Earth as well as out to space. Source: Kiehl and Trenberth (1997),
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What about resolution?
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Figure 1.4. Geographic resolution characteristic of the generafions of climate
models used in the IPCC Assessment Reports: FAR (IPCC, 1990), SAR {IPGC, 1996},
TAR (IPCC, 2001a), and AR4 (2007). The figures above show how successive genera-
tions of these global models increasingly resolved northern Europe. These illustra-
tions are representative of the mast detailed horizontal resolution used for short-term
climate simulations. The century-long simulations cited in IPCC Assessment Reports
after the FAR were typically run with the previous generation’s resolution, Vertical
resolution in both atmosphere and ocean models is not shown, but it has increased
comparably with the horizontal resolution, beginning typically with a single-layer slab
ocean and ten atmospheric layers in the FAR and progressing fo about thirty levels in
both atmosphere and ocean.
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Atmospheric GCMs (AGCM)
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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 Qil 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

o Rapid economic growth (~3%/year to 2100)

= Strong commitment to market-based solutions

o Global population reaches 9 billion in 2050 and
gradually declines
o Quick spread of new and efficient technologies

« High rates of investment and innovation at national &
international level

o Convergent world
= Income and way of life converge between regions
= Extensive social and cultural interactions worldwide



SRES: A1 Storyline Subsets

o A1F1

» Emphasis on fossil fuels

o A1B

» Balanced emphasis on all energy sources

o A1T

« Emphasis on non-fossil energy sources



SRES: A2 Storyline - A more divided world

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

o Continuously increasing population (15 billion by
2100)
o Regionally oriented economic development
« Self-reliance and preservation of local identities
o 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

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

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

o Global population reaches 9 billion in 2050 and gradually
declines as in Al

o 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

o Emphasis on global solutions to economic, social and
environmental stability



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

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

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

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

o Intermediate levels of economic development

o Less rapid and more fragmented technological
change than in B1 & Al.
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You can try it out for yourself with EAGCM!
http://edgcm.columbia.edu

nate Modeling for Research and Education - Mozilla Firefox
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EdGCM: The Project

Main Menu . o Bl "
The EdGCM Project develops and distributes a research-guality glabal climate model (GTM) with a userfriendly interface e
- that runs on desktop computers. Anyone can explore the subject of climate change using the same rmethods and tools Elzewhere

Register that scientists employ. The software allows users to experience the full scientific process including: designing AO—CI_EDA?”TUH Google Earth
About expetiments, setting up and running computer simulations, post-processing output, using scientific visualization to i e e
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Software display results, and creating scientific manuscripts ready for publishing to the web.
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"Anthropocene” Greenhouse Gas Effects

Outreach - Student Projects
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Sirmulation Exchange
eJoumal Exchange The early anthropagenic hypothesis by Williar Ruddiman posits that human influence on climate may have
actually begun thousands, not hundreds, of years ago. Increased greenhouse gas levels were not solely
caused by greenhouse gas emizsions from fossil fuel burning after the start of the Industrial Revolution, but also §
cauged by our ancestors' first agricultural developments. The resultant rise in ternperature then delayed the
glacial onset that should have occurred naturally. Through climate simulations with the EAGCM model, we
compared pre- and post-industrial levels to estimated natural levels for five greenhouse gases: carbon dioxide,
Classroom Exercises methane, nitrous oxide, and two chlorofluorocarbans (CFCs) Our results put our model at, or very close ta, an
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Downscaling global models for regional studies

Global Climate Model Air Temperature




Downscaling -- Winter
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Downscaling -- Summer
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