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Global Circulation Models (GCMs)

Figure courtesy of Emily Black, 
University of Reading

Solve the Navier-Stokes equations 
on a latitude x longitude x height 
grid.

Parameterize processes too small to 
explicitly resolve e.g.:
• Clouds
• Convection
• Precipitation
• Atmospheric gravity waves
• Radiation
• Land surface effects
• Boundary layer effects
• Sea ice



How we account for sources of uncertainty

Natural variability: initial condition 
ensembles

BC uncertainty:
multiple scenarios

Model uncertainty:
multi-model ensembles



> 100,000 participants from 150 countries (34,000 active)
> 84,000 simulations (each 45 years long) 
> 6,000,000 model years (compare to 6400 for NCAR IPCC)
> 9,500 years of computing time

A Grand Ensemble with a general circulation 
model requires huge computing capacity

Hence climateprediction.net







climateprediction.net goals
• Climate research: quantifying uncertainty in 

forecasts of climate change.
• Computational research: develop systems to 

carry out public resource distributed computing 
(PRDC) modelling research. 

• Public awareness: improve public understanding 
of the nature of uncertainty in climate prediction.



Climateprediction.net: experimental design
• First Experiment:

Unified Model with thermodynamic ocean (HadSM3)
[Full climate resolution atmosphere: HadAM3; 3.75 x 2.5]

• Future Experiments:
– Sulphur Cycle release. Exploring uncertainty in the effects of sulphate 

aerosols.
– Dynamic ocean release. Transient 20th century simulations.
– Paleo-simulations.
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Frequency distribution of 
simulations and model versions

To find potentially 
realistic model 
versions we remove 
those which are 
unstable in the control.

The remaining 
negatively drifting 
2xCO2 model versions 
are an unrealistic 
consequence of using a 
slab ocean.



Grand ensemble frequency distribution of climate 
sensitivity (~1000 members, 6 parameters)



Can we constrain the sensitivity?
• Observations do not constrain the distribution 

(annual mean temp, SLP, precip, and atm/ocn heat fluxes)

• Mt Pinatubo does not constrain the distribution
• LGM temperatures do not constrain the 

distribution

Do we really need so many simulations?
• YES.  Standard approach of linearly combining 

output from runs with single parameter 
perturbations can have huge errors.  
Nonlinearity is important.



As of last week:
47,334 members, 21 parameters

Courtesy of Ben Sanderson



Climate @ home
A US effort to complement

climateprediction.net

Climate@home – utilizes a dynamic ocean 
version of CCSM with an emphasis on 
cloud/aerosol interaction, distributed data 
management, and public outreach.  Looking 
for extensive impacts and observation 
collaboration and for a generic framework 
(NWP, ENSO, paleo).

PIs: MIT, Rutgers,
NCAR CGD, NCAR SCD,

UCAR E&O

Collaborators: Oxford,
RAL, LBL, Berkley,
NOAA CDC



Help us with the Climate@home 
experimental design

• Aim is to produce results that are useful to as 
many people as possible.

• Tell us the hooks, observations, and output that 
need to be included so that the experiment is 
relevant to you.



Conclusions
• There are many sources of uncertainty in forecasts 

of future climate change.

• climateprediction.net results indicate we can’t yet 
rule out the possibility of extreme responses to 
relatively modest stabilization levels. Even current 
levels could lead to dangerous climate change.

• Climate predictions need to include uncertainty 
analyses. It comes hand in hand with confidence.

• Climate@home aims to make the model just 
another parameter.


