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aAOKSt HReadmd, ByHBC Workshop7A8L1/2008)
High performance computing at the Canadian Meteorological Centres

Uninterrupted (24/7, year-round) weather and environmental forecasts,
serving public and military needs of Canadians
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Vilhelm Bjerkneq1862¢ 1951)

Das Problem von der Wettervorhersage,
betrachtet vom Standpunkt der Mechanik und der
Physik, Meteor. Z., 1904B. 21, S. ¥.
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Lewis Fry Richardso{l1881¢ 1953)

Weather Predictionby NumericalProcess
1922 CambridgeUniversity Press 236 pp.
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John von Neumann (19081957)

JG. Charney,R Fjortoft, J von Neuman
"Numerical integration of the barotropic
equation”, Tellus,195Q0 v. 2, p. 237-254.
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TUNG AND ORL ANDO
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FiG. 1. Variance power spectra of wind and potential temperature near the tropopause from GASP
aircraft data. The spectra for meridional wind and temperature are shifted one and two decades to
the right, respectively; lines with slopes —3 and —5/3 are entered at the same relative coordinates
for each variable for comparison. [Reproduced with permission from Nastrom and Gage (1985).]
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The hierarchy of atmospheric models

GLOBAL MODELS [ Iresolution 10-100 km
(GFDL, ECHAM, HadCM, INM RAS, ...)

Planetary and synoptic scale circulations:
trade-winds, monsoons, cyclones and anticyclons, ...

REGIONAL MODELS [ | resolution 1-10 km

Circulations of meso-a, B8, y scales:
Breezes, foehns, bora, squall lines...

LARGE EDDY SIMULATION L resolution 10-100 m

Coherent structures in atmospheric boundary layer,
circulations in urban areas...
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Kattsov V.M., J.E. Walsh, W.L. Chapman, V.A. Govorkova,
T.V. Pavlova, and X. Zhang, 2007

Ob: P and P-E annual means (1960-1989)
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Towards Comprehensive Earth System Models
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T. Reichle& J. Kim, 2008

TasLE I. Climate variables and corresponding validation data. Variables listed as “zonal mean” are latitude-height
distributions of zonal averages on twelve atmospheric pressure levels between 1000 and 100 hPa. Those listed as
“ocean,” “land,” or “global” are single-level fields over the respective regions. The variable ‘““net surface heat flux”’
represents the sum of six quantities: incoming and outgoing shortwave radiation, incoming and outgoing longwave ra-
diation, and latent and sensible heat fluxes. Period indicates years used to calculate observational climatologies.

Variable Domain Validation data Period
Sea level pressure ocean ICOADS (Woodruff et al. 1987) 197999
Air temperature zonal mean ERA-40 (Simmons and Gibson 2000) 197999
Zonal wind stress ocean ICOADS (Woodruff et al. 1987) 197999
Meridional wind stress ocean ICOADS (Woodruff et al. 1987) 197999
2-m air temperature global CRU (Jones et al. 1999) 197999
Zonal wind zonal mean ERA-40 (Simmons and Gibson 2000) 1979—99
Meridional wind zonal mean ERA-40 (Simmons and Gibson 2000) 197999
Net surface heat flux ocean ISCCP (Zhang et al. 2004), OAFLUX (Yu et al. 2004) 1984 (1981) —929
Precipitation global CMAP (Xie and Arkin 1998) 197999
Specific humidity zonal mean ERA-40 (Simmons and Gibson 2000) 197999
Snow fraction land NSIDC (Armstrong et al. 2005) 197999
Sea surface temperature ocean GISST (Parker et al. 1995) 197999
Sea ice fraction ocean GISST (Parker et al. 1995) 197999
Sea surface salinity ocean NODC (Levitus et al. 1998) variable
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Fic. |. Performance index J* for individual models (circles) and model generations (rows). Best performing
models have low /? values and are located toward the left. Circle sizes indicate the length of the 95% confidence

intervals. Letters and numbers identify individual models (see supplemental online material at doi:10.1175/

BAMS-89-3-Reichler); flux-corrected models are labeled in red. Grey circles show the average /* of all models
within one model group. Black circles indicate the I* of the multimodel mean taken over one model group. The
green circle (REA) corresponds to the |2 of the NCEP/NCAR reanalyses. Last row (PICTRL) shows /2 for the

preindustrial control experiment of the CMIP-3 project.
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Earth System Model
R. Loft. The Challenges of ESM Modeling at the Petascale

ESM Vision
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Palmer T.N. Towards the probabilistic Earth-systemsimulator: a vision for the
future of climate and weather prediction. - Quart. J. Roy. Meteorol. Soc, 2012
v. 138 no. 665, p. 841-861
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2.2 Small-=scdle diffusion

The rates of change of momentum, temperature and moisture caused by small-scale
diffusion consist of two parts, F = FH + Fv, where subscripts H and V denote
the contributions of horizontal diffusion and vertical mixing, respectively.
The vertical diffusion and its parameterization in model have been described

above.

The horizontal turbulent small- scale diffusion must not affect the total angular
momentum of the system. This imposes certain constraints on flnlte—dlfference.
approximations of diffusive terms satisfying dissipative conditions and the

conservation of global angular momentum if these terms are represented as

a & <
H 1 [a U cos ] :
e 1 [2 g o Ky ooy — ot | 20
u a2c052¢PS LA H Bl 9 .
FH = 1 p + cos¢ ii—p ZK 'cos¢ o]
s- 22 KH ¢ 8¢ ~ (20b)

a cos ¢p_

where S = v, T, g. In (20) Kﬁ is the horizontal diffusion coefficient, which
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