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AN UNEXPECTED IMPROVEMENT

Vertical processes become increasingly important in the
atmospheric dynamical core as global climate simulation resolution is increased. At synoptic resolutions of 1°
or coarser, resolved horizontal scales are large with respect to the atmosphere depth, and simulations are nearly two-dimensional, with horizontal processes dominating.

At much higher resolutions, around 4km/grid-cell or finer,
the element aspect-ratio approaches unity, and resolved vertical features become as significant as horizontal features. At
these resolutions the resolved flow is fully three dimensional.

In CAM-SE, the horizontal and vertical representations
are split, with 4th order spectral elements in the horizontal and 2nd order mimetic finite differences in the vertical.

Although CAM-SE currently uses 2nd order finite-differences in the vertical, there are many vertical representation that
could be applied including: high-order finite differences, finite volumes, discontinuous Galerkin, spectral elements, or
fully spectral methods.

In the fully three dimensional regime, with resolved length
scales of 4km/cell or smaller, we conjecture that it might make
sense to employ horizontal and vertical resolutions with similar discretizations and accuracy. Thus we have chosen to investigate applying spectral-elements in the vertical as well.

To test our conjecture, we applied the new spectral operators to the existing hydrostatic CAM-SE solver. Surprisingly, the vertical SE operators didn’t match those
of the FD operators... Rather they gave better results on a
number of standard DCMIP tests. This lead us to consider the notion that the new operators might be of benefit in both high and low resolution simulation regimes.

PRIMITIVE EQUATIONS: QUALITATIVE IMPROVEMENTS
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Using the vertical SE column to build an Eulerian tracer advection scheme produced
much better results, using the same number of degrees of freedom. The DCMIP 1-2 HadThe Hadley-like tracer transport test DCMIP 1-2, showed considerable better results, at the same effective
ley-likeresolution.
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Smoother contours and sharper gradients were observed with the vertical SE operators, although both

In test DCMIP 1-3, Horizontal transport of thin tracer clouds through
terrain following coordinates produces numerical diffusion. This diffusion was dramatically reduced using the vertical SE representation.
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Primitive Equation solver. The results were also significant, with the vertical SE version producing much smoother contours and sharper gradients, at the same resolution.

ThisIntest
also
exhibited
greated
and aasdelayed
of the
hemisphere
many
regions,
it exhibits
greater detail
detail, almost
if it wereonset
performed
at asouthern
higher overall
resolution. instability, indicating lower overall numerical error. In fact, the solution quality is similar to
what one would expect from dobling the horizontal resolution.

PRIMITIVE EQUATIONS : ERROR NORMS AND PERFORMANCE
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At 1° resolution, the L=30 FD vertical discretization error dominates the solution, and at least 50-60 levels
At 1° resolution and ﬁner, the vertical FD error dominates the solution, while the SE error remains negligible.
must be employed to reduce its impact. At L=30, the SE vertical discretization error remains negligible,
producing an accurate simulation without increasing the vertical resolution
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levels at 2nd order accuracy. But at fixed computational cost, the SE solution remains more accurate.

NONHYDROSTATIC MODEL: DRY DYNAMICAL CORE TESTS

The CAM-SE nonhydrostatic dynamical core is compared with the EndGame model of the UK MetOffice. Endgame is a compressible finite difference model on a lat-long grid. Both models exhibit a
similar standing wave pattern in the vertical velocity field w.

The DCMIP 2-2 test adds vertical wind shear, producing a very different orographic wave pattern.
Despite the model differences, the observed patterns are very similar, demonstrating that the results are not sensitive to the details of the dynamical core.
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• Our nonhydrostatic model also
uses the vertical SE represention.

• Nonhydyrostatic dry dynamical
core testing is nearly complete,
with moisture and physics tests
planned for the near future.
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• Vertical SE costs more compute
time per node point, but costs less
overall to achieve a given accuracy
target.

• The NH model produces results
very similar to the ENDGame UK
MetOffice model despite large differences in the mesh and discretization schemes.

FULL MODEL PERFORMANCE
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• The vertical SE representation
improved all primitive equation
DCMIP 2012 tests, relative to the
default FD formulation.

The DCMIP 3-1 test examines the gravity waves induced by a localized thermal perturbation. Again,
the agreement between the two models is remarkable considering their differences in grid and
discretization.

For more information, please contact DAVID.HALL@COLORADO.

•Can vertical SE maintain conservation and monotonicity as well
as the default method?

•Can it couple it to existing physical parameterization packages?
•What is its impact on global climatology?
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