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Figure 6. Sea surface temperature (°C) and surface velocity fields from the Regional
Ocean Modeling System (ROMS) West Florida Shelf domain (inside the dashed
lines) and the HYCOM ocean prediction system (outside the dashed lines).

Figure 7. Mean sea surface height (in m) on April 2004 from the model (first three panels) and
observations (lower right panel). WFS = West Florida Shelf.
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boundary conditions. This procedure has
proven to be very robust.

We now describe examples that illus-
trate applications that benefited from the
successful partnership between coastal
ocean modelers and ocean prediction
system developers. The main goal of the
first coastal application was to assess the
impact of open boundary conditions
from the HYCOM ocean prediction
system on the dynamics and accuracy
of a regional West Florida Shelf (WEFS)
model (an effort led by Robert Weisberg
at the University of South Florida). The
Gulf of Mexico Loop Current is the main
large-scale ocean feature in the WFS
domain as illustrated by Figure 6, which
shows an example of the SST and surface
velocity fields from the West Florida
Shelf domain embedded in the US Navy
HYCOM ocean prediction system (Barth
et al,, 2008). The ocean model consists
of the Regional Ocean Modeling System
(ROMS) (Shchepetkin and McWilliams,
2005), and a comparison of three simu-
lations in April 2004 is displayed in
Figure 7: WFS ROMS nested in climato-
logical temperature (T) and salinity (S)
fields, WES ROMS nested in HYCOM
T and S, and WES ROMS fully nested
in HYCOM. April 2004 was chosen
because the Loop Current was very stable
during this month (i.e., there was no
eddy shedding and the Loop Current
trajectory was stable and close to the
climatology). A priori, the model forced
with climatology should be able to repro-
duce the deep-ocean currents reasonably
well in this situation. In the model run
with climatological T and S boundary
conditions, the Loop Current is too
weak. With an SSH maximum of 0.3 m
(upper left panel of Figure 7), the SSH is

significantly lower than the maximum



derived from altimetry (0.7 m; lower
right panel of Figure 7). By using
HYCOM T and S (upper right panel of
Figure 7), the model is able to represent
the Loop Current more realistically. In
particular, the maximum SSH (0.6 m)
is closer to the altimetry, but is still too
low. By also using HYCOM velocity
and surface elevation (lower left panel
of Figure 7), the Loop Current strength
(maximum SSH of .66 m) comes closest
to the observations. This result indicates
that the density field alone is not suffi-
cient to completely represent the Loop
Current transport. The model results
from the three nesting configurations
were compared with a series of moorings
located on the West Florida Shelf (not
shown). The model forced with clima-
tology is too cold during summer and has
the highest RMS error of all three model
experiments. During summer, the model
experiment forced with climatology
develops an unrealistic southward coastal
current. The best temperature time series
is obtained with the WFS ROMS fully
nested in HYCOM, which shows a more
realistic current variability. The WFS
ROMS model nested in HYCOM is now
run on a daily basis and the full model
results can be accessed and visualized at
http://ocgmod1.marine.usf.edu/WES/.
The second coastal application
consists of a coupled biophysical
modeling system for the South Atlantic
Bight and the Gulf of Mexico. This
effort is led by Ruoying He from North
Carolina State University. The regional
ocean model (Figure 8) consists
of ROMS and is nested within the
HYCOM ocean prediction system; it
has 5-km grid spacing and 36 terrain-
following layers in the vertical. There

is no ocean data assimilation, but the
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Figure 8. Sea surface temperature on March 1, 2004, for the regional 5-km ROMS domain nested
within the HYCOM ocean prediction system. There is no data assimilation, but the interior T and S
are relaxed to HYCOM temperature and salinity with a relaxation time of 30 days.

interior T and S are relaxed to HYCOM
temperature and salinity with a 30-day
relaxation time scale. This system
allowed for the generation of fields

of biological variables from 2004 to
present using the coupled model hind-
casts; Figure 9 shows an example of the
modeled phytoplankton distribution

for August 27, 2005. The ocean model
results were validated using independent
observations; Figure 10 gives an example
for the University of South Florida’s WES
station C19 near the Florida Keys when
hurricane Katrina crossed South Florida
in late August 2005.

IMPACT

In summary, 25 institutions (nine from
academia, nine from government, and
seven from the private sector) and

approximately 60 scientists worked

successfully as a team to provide an
operational product that is useful not
only for Navy and NOAA applications
but also for in-depth scientific research
and commercial applications. This

effort would have not been possible
without NOPP sponsorship. A measure
of success is provided by the interest
generated outside the partnership. For
example, Kelly et al. (2007) evaluated the
performance of a non-data-assimilative
Pacific Ocean HYCOM in a region
containing the Kuroshio Extension. They
found that the HYCOM upper ocean
heat budget is similar to a diagnostic
heat budget inferred from observations
in that the dominant contribution is
from lateral fluxes, but that the advec-
tion fluctuations are much larger in

the model. Commercially, HYCOM
nowecasts and forecasts are often used by
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information that is critically important
L to the cruising, shipping, fishing and
3 0.6 workboat fleets. For example, detailed
[mmol/m™] . ) i
0 surface current information derived from
L HYCOM is summarized by OCENS

(Ocean and Coastal ENviromental
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Sensing, http://www.ocens.com) for their
L customers who continually provide posi-

25 -

tive feedback on their accuracy.

L OUTLOOK
The long-term goals of the HYCOM
) . consortium for the global domain are
15 : A _® - : : to (a) add 3-D and 4-D variational data
-95 -90 -85 -80 =75 =70 assimilation, (b) increase the horizontal
Figure 9. Modeled phytoplankton distribution (mmol m=) on August 27, 2005. The pink resolution of the global domain to
dot is the location of Hurricane Katrina. 1/25°, (c) implement two-way nesting,

(d) implement zero depth coastlines

20 4

with wetting and drying, and (e) include
tides. The scientific goals include, but

IRRTIS - are not be limited to: (a) evaluation

of the internal tides representation in

support of field programs, (b) evaluation

w of the global model’ ability to provide

[0.94,-2.31,1.12 |

boundary conditions to very high resolu-

2005 Hurricane Season H

tion coastal models, (c) interaction of the

Obs U current

. open ocean with ice, (d) shelf-deep ocean

- interactions, (e) upper-ocean physics

including mixed layer/sonic depth

representation, and (f) mixing processes.

. oncoupled ocean-wave-atmosphere

prediction; bio-geo-chemical-optical

and tracer/contaminant prediction;

ecosystem analysis and prediction; and

u Other research activities will focus

Earth system prediction (i.e., coupled

atmosphere-ocean-ice-land).
Figure 10. Modeled velocity fields versus observations at the University of South Florida’s West Florida
Shelf station C19 during the passage of Hurricane Katrina in late August 2005. The modeled tempera-
ture (lower panel) and observed surface winds (upper panel) are also displayed.
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