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Developments @

e Already available but not yet distributed :
» 1/O for non-parallel file systems on clusters.
+ Tolman, MMAB Tech. Rep. 228, 2003.
» Continuously moving grid version
+ Tolman and Alves, Ocean Modelling, 2005.

e In progress:
» Wave field separation for entire grid.
+ USACE, Jeff Hanson (started 2006).

» Earth System Modeling Framework (ESMF) wrapper
for coupling.

+ NRL, Tim Campbell (starting 2007).
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e In progress (cont-ed) :
» New source term options :
+ Updated XNL (Alkyon, Van Veldder).
+ WAM-4* (SHOM, Ardhuin).
+ Bottom scattering (SHOM, Ardhuin).
+ Surf zone physics (Metocean Engineers, Alves).
» NetCDF output options (various)

)
Developments @
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e \We are moving to an open-source style development
environment for a WAVEWATCH Ill wave model
framework.

» More formal cooperation between NOAA, USACE and
Navy + informal with many others.

» Using a subversion data server to exchange
developmental version of WAVEWATCH Il between
developers (local access for all, overall control by
NCEP).

» Formal releases to be distributed using a separate
subversion server.

» Tentatively, all major NCEP forecast codes will be
distributed this way.

Developments @
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The multi-grid model . @

Virtually all present wave models consider one-way
nesting only, with low resolution providing boundary data
for high resolution models. (exceptions: Spanish WAM,
unstructured grids).

Hurricanes require high resolution in generation area, but
their swells are covering full basins. Hurricanes therefore
require two-way nesting.

Coupling with hurricane models for the atmosphere
benefit from identical grids.

NCEP: We need to build upon the present operations,
therefore we have designed a multi-grid system.

» No more large regional models.
» Benefits ensemble wave forecasting.
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e Run a mosaic of grids with full two-way data flow between
all grids.

e Massive software development effort.
v~ » Running multiple grids in single program (dynamic
multiple data structure)
v/ » Grid time stepping management.
» Develop nesting techniques.

7 + Telescoping nests

v + Overlapping grids.

X + Relocatable grids.

e Some additional work will be needed regarding grid
generation, particularly when obstructions are used.

| | 3 g-
The multi-grid model @
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The multi-grid model N @

To each grid a rank is assigned based on similar (but not
necessarily identical) resolution. Lower rank means lower
resolution.

» Data flow from low rank to high rank by means of
boundary conditions.

» Data flow from high rank to low rank by spatial
averaging.

» Data flow within rank by reconciliation (interpolation).

All data flow internal to the program (no files).
Internal wave model in essence unchanged.
Relocatable grids will be relatively simple in this context.
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The multi-grid model i @

e With this in mind, 8
sequential actions can be
identified for the
completion of a time step
for each grid.

e These steps fully define
the logical management
algorithm for all grids.

e Each grid is defined
individually by
» Layout / resolution.
» Time steps.
» Boundary points.

Update overall model time
step (multiple grids).
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Example #1 ! @
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e Boundary and outer grid
share time step.

e Boundary grid does not
receive data back from
outer grid.

e Inner grid at half the time
step of the outer grid.

e Fully automated data flow /
time stepping..

time

bound outer inner

- run model — bound. data

=== global sync. <€— averaging
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Example #2 ! @
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e Factor 3 in time steps
between grids.

e [Full communication
between grids

e Fully automated data flow /
time stepping.

time

50 km

- run model — bound. data

——— global sync. <€— averaging

15 km 5 km
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R Example #2 @

Stationary hurricane
with default settings in
WAVEWATCH III.
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Hurricane moving to the
right at 5m/s with
circular domains and
Tolman and Alves
(2005) moving grid
approach.
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Example #3 ! @
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Example #4
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Example #4 @

e The big picture
>» No ice yet
>» Wind over ice?

> Note resolution
differences in land
mask and near
islands only.

> Swell from
southern Pacific
included too!
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Example #4 @

e Island blocking in two-
way nesting.

» The regional grid
shows the effects
of the islands
indirectly from the
high-resolution
grid.

» The high-res grid
shows the islands
directly.

> To be added:
better islands and
obstructions.
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Example #4
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e Now as movies.
» Regional grid. :"'r
» Coastal grid.

» Regional and
coastal grids.
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e Multi-grid model reaching maturity:

» Operational implementation tentatively scheduled for
FY2007 Q4.

» Public release to coincide.

e Relocatable grid version should be available in the
release.

e Transition to wave modeling framework, and open-source
approach for development exciting to me ....

Concluding ... g
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