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LONG-TERM GOALS

The prediction of inherent optical properties [IOPs] and water-leaving radiance [L,,] in coastal waters
over a 5 to 10 day time horizon will require a numerical simulation that accurately forecasts the
physical, ecological, and optical environment. Critical to the ecological and optical forecast is the
ability to directly compare the water-leaving radiance field to those being collected by aircraft and
satellite platforms. Our goal is to develop the ecological and optical models and computer codes to
initialize, validate, and predict the IOPs and Ly, over an operational time horizon.

OBJECTIVES

1) Couple EcoSim 2.0 to a robust radiative transfer model to yield water-leaving radiance for a given
IOP distribution

2) Initialize and validate spectral water-leaving radiance with remote sensing data.
3) Couple EcoSim 2.0 to the Regional Ocean Modeling System (ROMS)
APPROACH

The pace of development of prognostic ecological/optical data and modeling systems has greatly
accelerated in recent years such that we can now reasonably discuss the likelihood of predicting red
tides, and concomitant impacts on water clarity on the West Florida Shelf (WFS). Accurate prediction
of water clarity and color suggests a fundamental knowledge of marine ecological systems, and the
validation of such data and modeling systems would provide characterization of the littoral
environment over operational time horizons. Water clarity and color are directly dependent on the
IOPs of the water column and the modeling component of these prognostic systems requires a
fundamental set of equations that describe the interactions between the production and destruction of
the IOPs. As the IOPs of absorption, scattering, and the scattering phase function can be described by a
summation of the individual components, the cycle of color can be described by equations representing
the individual active color constituents, i.e., phytoplankton, organic detritus, Colored Dissolved
Organic Matter (CDOM), sediments, bathymetry, and bottom classification. The description of the
cycling of each component allows for feedback effects between the in-water light field and the
production and destruction of color.
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The marine optical environment may change at the same time scale of weather change, so any
operational prognostic optical system would need to be embedded into a larger system of data
collection and numerical modeling. Such a system would use moorings, ships, Autonomous
Underwater Vehicles (AUVs), satellites, and physical/ecological/optical numerical models to provide
integrated data streams to a wide community of users. The systems would need to be able to assimilate
data as it became available, and provide forecasts over a wide range of time and space scales. The
West Florida Shelf (WFS) is an ideal location to help develop these nowcast/forecast systems, in part
due to a large number of other research programs focused on the WFS, including other ONR funded
technology programs, NOAA/EPA ECOlogy of Harmful Algal Blooms (ECOHAB) program, and the
State of Florida Coastal Ocean Monitoring and Prediction System (COMPS) program. The ECOHAB
and COMPS programs are focused on time scales ranging from months to years and spatial scales
ranging from kilometers to 1000s of kilometers. Therefore, this site provides a natural location to
develop broad scale time and space models of the inherent optical properties.

The WEFS is unique in other ways that make it ideal for the development of forecasting systems. In
particular, the variance in color and clarity of the near-shore waters is extreme, ranging from
oligotrophic Case 1-type waters to highly attenuating Case 2 waters (Bissett et al., 1997; Carder and
Steward, 1985; Carder et al., 1989). The low-nutrient and low-colored waters of the WFES are derived
from the oligotrophic waters of the central Gulf of Mexico and the waters of the Caribbean Sea via the
Loop Current. These waters have typical open ocean color signals. In the deeper waters off the shelf,
the variations in surface color are driven by seasonal nutrients and CDOM introductions via deep
mixing, as well as eddy fluxes, much like the classic understanding of Case 1 ocean color. As one
moves across the shelf break onto the outer shelf, complications to the classic blue ocean signal arise
from both Loop Current intrusions that bring higher nutrient waters (and CDOM) into the euphotic
zone and river CDOM fluxes from the Mississippi, Mobile, and Apalachicola Rivers. In the inner
shelf, the color signal becomes even more complicated as the introduction of waters from Suwannee,
Hillsborough, Peace, and Caloosahatchee Rivers mix with the above water masses, as well as with
those waters created locally from high energy mixing (waves, long-shore currents, etc.) and heat flux
imbalances.

The ecological/optical conditions on the WFS are as complicated as any coastal region, yielding
situations where the chlorophyll a biomass may range from 0.01 to >20 pg liter at the same location
during different time periods. When oligotrophic waters dominant the shelf, bottom features are clearly
evident in high-resolution hyperspectral data to a depth of 30 meters. At other times, river and estuary
waters dominate, and the bottom is undistinguishable in waters <2 meters deep. In between these two
conditions, the color signal is mainly a function of the ecological interactions between phytoplankton
growth and loss and CDOM creation and destruction. Within the inner shelf, the color signal is further
modified by the bottom classification and sediment re-suspension. Our goal on the WFS is to derive
and validate a set of fundamental ecological/optical/physical equations that addresses, and eventually
predicts, the complexity of the IOPs and the resultant water-leaving radiance. This site is an ideal
location for the regional time and space scales being studied.

WORK COMPLETED
This year marked the closing months of this grant; please see the final report for the full description of

work accomplished during the grant. During this period we focused on the integration of Ecolight into
a run-time version of the EcoSim code. C. Mobley and L. Sundman decided to pursue this inline



coupling of the codes in a PC development environment, outside of the ROMS development loop.

This was primarily due to the 1) difficulties we had experienced with coding ROMS subroutines, 2) the
ease of code development and results visualization in a PC environment, and 3) their expertise on this
platform. Our role was to help facilitate this code development by providing a compiled version of the
EcoSim/ROMS code outside of the C-preprocessor used for UNIX machines, specifically for the
BioToy version (6 x 6 grid version). We also provided support for debugging and error checking. We
continue to help this effort on other (NSF) funding.

IMPACT/APPLICATIONS

Forecasting IOPs over operational time horizons of 5 to 10 days will require the ability to directly
compare predictions of water-leaving radiance to the data most likely to be used for initialization and
validation of the predictions, i.e., aircraft and satellite hyperspectral remote sensing data. This effort
will yield a simulation ready to begin direct data assimilation of the water column optical properties to
predict absorption and scattering over short-term time horizons.

TRANSITIONS

The EcoSim 2.0 model has been transitioned as part of the open source code of the ONR
ROMS/TOMS code set. It is being used by Rutgers University in their current MURI program.

RELATED PROJECTS

We are also collaborating with Dr. C. Mobley of Sequoia Scientific, Inc for the coupling of EcoSim
with Hydrolight (N00014D01610002), and Drs. R. Arnone, NRL, and K. Carder, USF, for satellite
data analysis.
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