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Atmospheric general circulation models

Figure: encyclopedia.jrank.org/Cambridge/entries/029/general-

circulationmodels.html
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Atmospheric GCM simulations

I Once the atmospheric climate model simulation is complete,

the more challenging problem arises of interpreting the model

results.

I This involves choosing an appropriate set of diagnostics. The

simplest diagnostics to consider are the zonal and time mean

averages of the model variables.

I Also evaluate the geographical distribution of some quantities

I Validate processes by looking at statistical relationship between

different variables or by evaluating probability density functions
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Data for validation

I The validation of an AGCM should be done for a range of

spatial and temporal scales to test both the dynamical and the

physical aspects of the model climate.

I Validation is limited by the spatial and temporal coverage of

available observations.

I Satellite data: greatest spatial coverage, limited temporal

coverage

I Surface observations: biased toward northern hemispheric land

masses

I Radiosondes: provide twice-daily vertical profiles of T , q,

winds. Are nonuniform and sparse in places
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Data for validation

I ECMWF provides twice-daily atmospheric analyses. These

analyses incorporate surface observations and satellite data into

a 4D data assimilation system that uses a NWP model to carry

forward information from previous analyses.

I Problem: The analyses contain a mixture of observations and

model. This is especially the case for the tropical circulation.

I Satellite data provide near-global coverage of TOA quantities,

such as net solar rad., OLR, SCF and LCF. The last two are

used to validate cloud parameterizations

I Satellites also provide cloud information (cloud cover, liquid

and ice water path, droplet size and number)

I Data from field programs: Smaller spatial and temporal scales

than the AGCM resolution, but can be used for statistical

relationships.
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Simulated and observed zonal mean wind

Figure: Source: McFarlane et al., J. Climate, 1992
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Simulated diabatic heating [Trenberth, Figure 10-21]
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DJF mean sea level pressure from ECMWF and

ECHAM5

Figure: Source: Roeckner et al., J. Climate, 2006
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Geographic distribution of the net shortwave

radiation

Figure: Observations stem from the Earth Radiation Budget Experiment

(ERBE) from 1985-1989
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Geographic distribution of the outgoing

longwave radiation

Figure: Observations stem from the Earth Radiation Budget Experiment

(ERBE) from 1985-1989
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Geographic distribution of the “shortwave cloud

forcing”

Figure: Shortwave cloud forcing (SCF) = FSW - FSW ,cs = So

4 (αcs − αcld)

⇒ albedo effect of clouds
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Geographic distribution of the “longwave cloud

forcing”

Figure: Longwave cloud forcing (LCF) = FLW ,cs - FLW ⇒ greenhouse

effect of clouds
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Liquid (LWC), ice (IWC) and total water content (TWC) in

mixed-phase clouds [Observations from Korolev et al., QJ, 2003]
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Future improvements in physical processes in

AGCMs

I Cumulus parameterizations need to account for mesoscale

circulation effects → superparameterization or clever

parameterizations

I Better shallow convection parameterizations are needed

I Cloud radiative effects should be part of the cloud scheme.

I The present linear sequential approach (Fig. 10.8) needs to be

replaced with a more integrated cloud scheme that

simultaneously accounts for radiative, dynamical and

thermodynamical effects.
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Future improvements in physical processes in

AGCMs
I The coupling of the climate system components within the

PBL (e.g., plant canopy, source for chemical species, ocean

surface) with an AGCM will only be as good will only be as

good as the PBL parameterization → need to improve the PBL

parameterization
I Lacking for many processes: good observational data and/or

robust computational studies. It is hoped that future field

programs will lead to improved understanding of the

fundamental physics governing these processes.
I One could/should to use a hierarchy of 3D models to improve

the parameterizations: employ micro-, meso-, and large-scale

models, in tandem, to improve the physical parameterization of

clouds and the PBL.
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