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In order to advance Earth System Science, the SciDAC Multiscale
Methods for Earth System modeling project is accelerating the
development of a new generation of models that can capture the
structure and evolution of the climate system across a broad range of
spatial and temporal scales. New dynamical formulations are currently
being tested, but will require scale-aware parameterizations of physical
processes that accurately represent mechanisms in both fully resolved
and un(der)-resolved regions. In addition, these new models must
perform well on advanced architectures currently being deployed. The
ocean component of this project is focused on developing new scale-
aware ocean eddy parameterizations and working with SciDAC Institutes
to Improve the performance of this new model.

The MPAS Ocean Model

The Model for Prediction Across Scales (MPAS) Is a variable-resolution
unstructured-grid approach to climate system modeling that supports
both quasi-uniform and variable resolution meshing of the sphere using
guadrilaterals, triangles or Voronol tessellations. The MPAS software
framework permits rapid prototyping of single-components of climate
system models (atmosphere, ocean, land ice, etc.) and offers the
potential to explore regional-scale climate change within the context of
global climate system modeling. MPAS is currently structured as a
partnership between National Center for Atmospheric Research (NCAR)
and the Los Alamos Climate, Ocean and Sea Ice Modeling (COSIM)
team with shared development of the base framework, but component
model development focused at each lab (ocean at LANL, atmosphere at
NCAR). The MPAS-Ocean model will be a proposed replacement for
the LANL Parallel Ocean Program (POP) in the Community Earth
System Model (CESM).
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Global Simulations

Early simulations have been
2% P performed using both global
high-resolution (15km)
configurations and variable
resolution configurations that
s Include a 15km region in the
W e Py North Atlantic smoothly
L et ‘ transitioning to 75km
resolution throughout the rest
of the globe. The variable
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transition zone, the grid | =
is smooth and uniform.

resolution approach achieves
nearly identical results in the
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high-resolution region at
1/7t the cost.
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Comparison to Observations

Sea Surface Height RMS

x1.15km: Global
uniform grid
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scale: 0 to 80cm x5.NA.75km_15km: Variable resolution North Atlantic
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Observations: AVISO
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The global 15km shows high eddy activity
In the ACC, Agulhas formation region, and
western boundary currents. These are
similar to but more energetic than
observations. Outside the refined mesh

. {;‘m
L R o L
) £
ﬁ—g;,_,___:)., ”

region, eddy activity is lower in the variable
resolution run, as expected.

Sea Surface Height RMS

x5.NA.75km_15km: Variable Res. N. Atlantic

x1.15km: Globally uniform grid
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Zooming in, the eddy activity is virtually the same using 15km globally or
15km regionally in just the North Atlantic. This shows that specific regions of
the global ocean system can be accurately simulated with local mesh
refinement.
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Snapshots do not show any perturbations due to change of resolution
In the mesh transition zone.

Why Scale-aware Eddy
Parametrizations?

. Mesoscale eddies (50-100km) play a critical role in determining
the climate of the oceans.

. MPAS-O has the capability to fully resolve these eddies in certain
regions of interest and leave them un(der)-resolved in the rest of
the oceans.

. MPAS-O presents an unprecedented opportunity for the
development and testing of mesoscale eddy parameterizations
that can scale smoothly across the disparate set of grid lengths
existing in one simulation.

Scale-aware Anticipated Potential
Vorticity Method (APVM)

The anticipated potential vorticity method ([1]) is perfectly energy
Conserving and (potential) enstrophy dissipating. It is therefore
a desirable closure scheme for simulations of large-scale
geophysical flows.

Comparison of potential enstrophy spectra on day 150
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diverse range of multi-
resolution grids, as shown by
the close match between the
potential enstrophy spectral
curves of the low-res
simulations and that of the

10 i v high-res reference simulation.

spheric wavenumbers
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Plan for scale-aware Gent-
McWilliams closure

1. Explore spatially varying GM parameters for an extended GM closure
([4]) in a general setting (work underway).

2. Revisit existing spatially varying formulations that are based on

paroclinic instablility theory, experience, and/or observation data.

3. Develop and evaluate formulations that incorporate the local grid

ength scales.
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Performance

The MPAS-Ocean model introduces new performance challenges due to
the indirect addressing associated with unstructured grids as well as
new algorithmic choices. A major concern is that the new model can not
match the performance the current structured ocean model (POP) that it
IS meant to replace. In fact, the initial implementation of MPAS-Ocean is
approximately a factor of three slower than an equivalently configured
POP simulation, though not much effort has yet been focused on
computational performance.

MPAS-0 on lobo, with 2 tracers, 2nd ord adv
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Collaborations with SUPER

We are working with the SciDAC Institute SUPER to try and identify
portions of code that require optimizations. Currently we are in the
process of incorporating the use of TAU (Tuning and Analysis Utilities,
University of Oregon) into our development, and will continue working
with SUPER to improve our model on both current and new
architectures.
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