




















region to be fairly well constrained, but
there are few direct measurements of
heterotrophic processes, such as those
involved in decomposition of organic
matter. The coastal ocean is one place
where heterotrophic processes are large
enough to be measured. Without such
measurements, models such as NENA
will continue to include ill-constrained
parameters, which results in a trial-
and-error approach for developing
model parameterizations and processes,
thereby limiting model skill. However,
the measurements and biogeochemical
model development are not independent
and should progress together to ensure
realization of the full benefit of each.

A primary conclusion from the
approach taken in this study is that a
well-coordinated interdisciplinary team
with skills in field measurements, remote
sensing, and modeling focused on a sin-
gle coupled circulation-biogeochemical
model is an effective means of addressing
important and complex issues, such as
carbon cycling in marine ecosystems.
The focus on a single model forces the
team to resolve issues and reconcile
differences of opinion (i.e., a disciplined
approach, rather than simply going in
different directions, as can happen with a
focus on more than one model).

A research team composed of
members from multiple institutions,
like the USECoS team, does at times
hinder progress. However, a team
that is dispersed may be unavoidable
in achieving the desired balance of
expertise. Maintaining progress requires
a commitment from each team member
to interactive collaborations, and there
is a trade-off between having a critical
mass and having a team that is too large

to manage. A large team can lead to

development of smaller groups focused
on specific research problems that do not
foster collaborative interactions. Many
factors must come together to make a
successful program (NRC, 2005); for the
USECoS program, a focus on one model
and common goals has allowed the
overall effort to be more than the sum of

the individual components.

ACKNOWLEDGEMENTS

The USECoS project is supported by
the National Aeronautics and Space
Administration Interdisciplinary

Science Program.

REFERENCES

Anderson, T.R. 2005. Plankton functional type
modelling: Running before we can walk? Journal of
Plankton Research 27:1,073-1,081.

Anderson, T.R., and PJ. le B. Williams. 1998.
Modelling the seasonal cycle of dissolved organic
carbon at Station E1 in the English Channel.
Estuarine, Coastal and Shelf Science 46:93-109.

Atkinson, L.P,, D.W. Menzel, and K.A. Bush, eds. 1985.
Oceanography of the Southeastern U.S. Continental
Shelf, American Geophysical Union, Washington,
DC, 156 pp.

Bauer, ], and E. Druffel. 1998. Ocean margins as a
significant source of organic matter to the open
ocean. Nature 392:482-485.

Behrenfeld, M.J., and P.G. Falkowski. 1997.
Photosynthetic rates derived from satellite-based
chlorophyll concentration. Limnology and
Oceanography 42:1-20.

Benner, R,, ].D. Pakulski, M. McCarthy, ].I. Hedges,
and P.G. Hatcher. 1992. Bulk chemical charac-
teristics of dissolved organic matter in the ocean.
Science 255:1,561-1,564.

Biddanda, B., and R. Benner 1997. Carbon, nitrogen,
and carbohydrate fluxes during the production of
particulate and dissolved organic matter by marine
phytoplankton. Limnology and Oceanography
42(3):506-518.

Boyer, T.P, ].I. Antonov, H.E. Garcia, D.R. Johnson,
R.A. Locarnini, A.V. Mishonov, M.T. Pitcher,

O.K. Baranova, and 1.V. Smolyar, 2006. World
Ocean Database 2005. S. Levitus, ed., NOAA Atlas
NESDIS 60, US Government Printing Office,
Washington, DC, 190 pp., DVDs.

Carlson, C.A. 2002. Production and removal pro-
cesses. Pp. 91-151 in Biogeochemistry of Marine
Dissolved Organic Matter, D.A. Hansell and C.A.
Carlson, eds, Academic Press, New York.

Carr, M.E., M.A.M. Friedrichs, M. Schmeltz, A.

Noguchi Aita, D. Antoine, K.R. Arrigo, I.
Asanuma, O. Aumont, R. Barber, M. Behrenfeld,
and others. 2006. A comparison of global estimates
of marine primary production from ocean color.
Deep-Sea Research Part II 53:741-770.

Chassignet, E.P, H.E. Hurlbert, O.M. Smedstad, G.R.
Halliwell, PJ. Hogan, A.]. Wallcraft, R. Baraille, and
R. Bleck. 2007. The HYCOM (HYbrid Coordinate
Ocean Model) data assimilative system. Journal of
Marine Systems 65:60-83.

Doney, S.C. 1999. Major challenges confronting
marine biogeochemical modeling. Global
Biogeochemical Cycles 13:705-714.

Doney, S.C., I. Lima, K. Lindsay, ].K. Moore, S.
Dutkiewicz, M.A.M Friedrichs, and R.]. Matear.
2001. Marine biogeochemical modeling: Recent
advances and future challenges. Oceanography
14:93-107.

Druffel, E., P. Williams, J. Bauer, and J. Ertel. 1992.
Cycling of dissolved and particulate organic matter
in the open ocean. Journal of Geophysical Research
97(C10):15,639-15,659.

D’Sa, E.J., and R.L. Miller. 2003. Bio-optical properties
in waters influenced by the Mississippi River
during low flow conditions. Remote Sensing of
Environment 84:538-549.

Egbert, G.D., and S.Y. Erofeeva. 2002. Efficient inverse
modeling of barotropic ocean tides. Journal of
Atmospheric and Oceanic Technology 19:183-204.

Evans, R.H., K.S. Baker, O.G. Brown, and R.C. Smith.
1986. Chronology of warm-core ring 82B. Journal
of Geophysical Research 90:8,803-8,812.

Fairall, CW,, E.E Bradley, J.E. Hare, A.A. Grachev, and
J.B. Edson. 2003. Bulk parameterization of air-sea
fluxes: Updates and verification for the COARE
algorithm. Journal of Climate 16:16,571-16,590.

Fasham, M.J.R., HW. Ducklow, and S.M. McKelvie.
1990. A nitrogen-based model of plankton dynam-
ics in the oceanic mixed layer. Journal of Marine
Research 48:591-639.

Fennel, K., M. Losch, J. Schroter, and M. Wenzel. 2001.
Testing a marine ecosystem model: Sensitivity
analysis and parameter optimization. Journal of
Marine Systems 28:45-63.

Fennel, K., J. Wilkin, J. Levin, J. Moisan, J. O'Reilly,
and D. Haidvogel. 2006. Nitrogen cycling in the
Middle Atlantic Bight: Results from a three-
dimensional model and implications for the North
Atlantic nitrogen budget. Global Biogeochemical
Cycles 20: doi:10.1029/2005GB002456.

Flynn, K.J. 2005. Castles built on sand:
Dysfunctionality in plankton models and the inad-
equacy of dialogue between biologists and model-
ers. Journal of Plankton Research 12:1,205-1,210.

Friedrichs, M.A.M., R. Hood, and J. Wiggert. 2006.
Ecosystem model complexity versus physical
forcing: Quantification of their relative impact with
assimilated Arabian Sea data. Deep-Sea Research
Part II 53:576-600.

Friedrichs, M.A.M, ].D. Dusenberry, L.A. Anderson,
R. Armstrong, E. Chai, J.R. Christian, S.C. Doney,
J. Dunne, M. Fujii, R. Hood, and others. 2007.

Ocmnajm/o/y | March 2008 49



Assessment of skill and portability in regional
marine biogeochemical models: Role of multiple
planktonic groups. Journal of Geophysical Research
112(C08001): doi:10.1029/2006]C003852.

Garcia, H.E., and L.I. Gordon. 1992. Oxygen solubility
in seawater: Better fitting equations. Limnology and
Oceanography 37:1,307-1,312.

Gelinas, Y., J. Baldock, and J. Hedges. 2001. Organic
carbon composition of marine sediments: Effect
of oxygen exposure on oil generation potential.
Science 294:145-148.

Haidvogel, D.B., H. Arango, W.P. Budgell, B.D.
Cornuelle, E. Curchitser, E. Di Lorenzo, K. Fennel,
W.R. Geyer, A.J. Hermann, L. Lanerolle, and oth-
ers. In press. Regional ocean forecasting in terrain-
following coordinates: Model formulation and skill
assessment. Journal of Computational Physics.

Hansell, D.A., and C.A. Carlson. 1998. Deep-ocean
gradients in the concentration of dissolved organic
carbon. Nature 395:263-266.

Henrichs, S., and W. Reeburgh. 1987. Anaerobic
mineralization of marine sediment organic matter:
Rates and the role of anaerobic processes in the
oceanic carbon economy. Geomicrobiology Journal
5(19):1-237.

Hofmann, E.E., and M.A.M. Friedrichs. 2001.
Biogeochemical data assimilation. Pp. 302-308 in
Encyclopedia of Ocean Sciences, Vol. 1. ].H. Steele,
S.A. Thorpe, and K.K. Turekian, eds, Academic
Press, London, UK..

Hopkinson, C.S., and J.J. Vallino. 2005. Efficient export
of carbon to the deep ocean through dissolved
organic matter. Nature 433:142-145.

Tanson, D., and S.E. Allen 2002. A two-dimensional
carbon and nitrogen flux model in a coastal
upwelling region. Global Biogeochemical Cycles
16(1011): doi:10.1029/2001GB001451.

Johannessen, S.C., W.L. Miller, and J.J. Cullen.

2003. Calculation of UV attenuation and
colored dissolved organic matter absorption
spectra from measurements of ocean color.
Journal of Geophysical Research 108(3301):
d0i:10.1029/2000JC000514.

Joliff, J., J.C. Kindle, I. Shulman, B. Penta, M.A.M.
Friedrichs, R. Helber, and R.A. Arnone. In press.
Summary diagrams for coupled hydrodynamic-
ecosystem model skill assessment. Journal of
Marine Systems, special issue on Skill Assessment
for Coupled Biological/Physical Models of Marine
Systems.

Lee, T.N., and L.P. Atkinson. 1983. Low frequency cur-
rent and temperature variability from Gulf Stream
frontal eddies and atmospheric forcing along the
U.S. outer continental shelf. Journal of Geophysical
Research 88:4,541-4,567.

Lozier, M.S., W.B. Owens, and R.G. Curry. 1995. The
climatology of the North Atlantic. Progress in
Oceanography 36:1-44.

Lozier, M.S., and G. Gawarkiewicz. 2001. Cross-
frontal exchange in the Middle Atlantic Bight as
evidenced by surface drifters. Journal of Physical
Oceanography 31:2,498-2,510.

50 Oceanojmp/y | Vol.21, No.1

Maritorena, S., D.A. Siegel, and A.R. Peterson. 2002.
Optimization of a semianalytical ocean color
model for global-scale applications. Applied Optics
41:2,705-2,714.

McClain, C.R., L.J. Pietrafesa, and J.A. Yoder. 1984.
Observations of Gulf Stream-induced and wind-
driven upwelling in the Georgia Bight using ocean
color and infrared images. Journal of Geophysical
Research 89:3,705-3,723.

McClain, C.R., ].A. Yoder, L.P. Atkinson, J.O. Blanton,
T.N. Lee, J.J. Singer, and F. Muller-Karger. 1988.
Variability of surface pigment concentrations in
the South Atlantic Bight. Journal of Geophysical
Research 93:10,675-10,697.

NRC. 2005. Thinking Strategically: The Appropriate Use
of Metrics for the Climate Change Science Program.
The National Academies Press, Washington, DC,
150 pp.

Oke, PR., ].S. Allen, R.N. Miller, G.D. Egbert, J.A.
Austin, J.A. Barth, T.J. Boyd, P.M. Kosro, and
M.D. Levine. 2002. A modeling study of the
three-dimensional continental shelf circulation off
Oregon. Part I: Model-data comparisons. Journal of
Physical Oceanography 32:1,360-1,382.

O'Reilly, J.E., C. Zetlin, and D.A. Busch. 1987.
Primary production. Pp. 221-233 in Georges Bank.
R.H. Backus and D.W. Bourne, eds, MIT Press,
Cambridge, MA.

Prézelin, B.B., E.E. Hofmann, M. Moline, and J.M.
Klinck. 2004. Physical forcing of phytoplankton
community structure and primary production in
continental shelf waters of the western Antarctic
Peninsula. Journal of Marine Research 62:419-460.

Ryan, J.P, J.A. Yoder, and D.W. Townsend. 2001.
Influence of a Gulf Stream warm-core ring on
water mass and chlorophyll distributions along the
southern flank of Georges Bank. Deep-Sea Research
Part II 48:159-178.

Shchepetkin, A.E, and J.C. McWilliams. 2005. The
regional oceanic modeling system (ROMS): A
split-explicit, free-surface, topography-follow-
ing-coordinate ocean model. Ocean Modelling
9:347-404.

Seitzinger, S.P, and A.E. Giblin. 1996. Estimating
denitrification in North Atlantic continental shelf
sediments. Biogeochemistry 35:235-260.

Seitzinger, S.P,, J.A. Harrison, E. Dumont, A.H.W.
Beusen, and A.F. Bouwman. 2005. Sources and
delivery of carbon, nitrogen and phosphorous to
the coastal zone: An overview of global nutrient
export from watersheds (NEWS) models and their
application. Global Biogeochemical Cycles 19(4):
GB4S01.

Signorini, S.R., C.R. McClain, A. Mannino, and S.
Bailey. 2005. Report on ocean color and carbon
study for the South Atlantic Bight and Chesapeake
Bay regions. NASA/TM-2005-212787, August,
Greenbelt, MD, 45 pp.

Soetaert, K., ].J. Middelburg, PM.J. Herman, and K.
Buis. 2000. On the coupling of benthic and pelagic
biogeochemical models. Earth-Science Review
51:172-201.

Sendergaard, M., PJ. le B. Williams, G. Cauwet, B.
Riemann, C. Robinson, S. Terzic, E. Malcolm, S.
Woodward, and J. Worm. 2000. Net accumulation
and flux of dissolved organic carbon and dissolved
organic nitrogen in marine plankton communities.
Limnology and Oceanography 45(5):1,097-1,111.

Taylor, K.E. 2001. Summarizing multiple aspects
of model performance in a single diagram.
Geophysical Research Letters 106:7,183-7,192.

Thomas, C.J., N.E. Blair, M.J. Alperin, D.]. DeMaster,
R.A. Jahnke, C.S. Martens, and L. Mayer. 2002.
Organic carbon deposition on the North Carolina
continental slope off Cape Hatteras (USA). Deep-
Sea Research Part II 49:4,687-4,709.

Vlahos, P, R.E Chen, and D.J. Repeta. 2002. Dissolved
organic carbon in the Mid-Atlantic Bight. Deep-Sea
Research Part IT 49(20):4,369-4,385.

Walsh, J.J. 1972. Implications of a systems approach to
oceanography. Science 176:969-975.

Wanninkhof, K. 1992. Relationship between wind
speed and gas exchange over the ocean. Journal of
Geophysical Research 97:7,373-7,382.

Warner J.C., C.R. Sherwood, R.P. Signell, C. Harris,
and H.G. Arango. In press. Development of a
three-dimensional, regional, coupled wave-, cur-
rent-, and sediment-transport model. Computers
and Geosciences.

Williams, P.J. le B. 1995. Evidence for the seasonal
accumulation of carbon-rich dissolved organic
material, its scale in comparison with changes in
particulate material and the consequential effect
on net C/N assimilation ratios. Marine Chemistry
51:17-29.

Wofsy, S.C., and R.C. Harriss. 2002. The North
American Carbon Program (NACP). Report of the
NACP Committee of the US Interagency Carbon
Cycle Science Program. Washington, DC, US Global
Change Research Program, 56 pp.

Yoder, J.A., 1985. Environmental control of phyto-
plankton production on the southeastern U.S.
continental shelf. Pp. 93-103 in Oceanography
of the Southeastern U.S. Continental Shelf. L.P.
Atkinson, D.W. Menzel, and K.A. Bush, eds,
American Geophysical Union, Washington, DC.

Yoder, J.A., L.P. Atkinson, S.S. Bishop, J.O. Blanton,
T.N. Lee, and L.J. Pietrafesa. 1985. Phytoplankton
dynamics within Gulf Stream intrusions on the
southeastern United States continental shelf
during summer 1981, Continental Shelf Research
4:611-635.

Yoder, J.A., C.R. McClain, J.O. Blanton, and L.-Y.

Oey. 1987. Spatial scales in CZCS-chlorophyll
imagery of the southeastern U.S. continental shelf.
Limnology and Oceanography 32:929-941.

Yoder, J.A., .E. O'Reilly, A.H. Barnard, T.S. Moore,
and C.M. Ruhsam. 2001. Variability in coastal
zone color scanner (CZCS) chlorophyll imagery
of the ocean margin waters off the US east coast.
Continental Shelf Research 21:1,191-1,218.

Zeebe, R., and D. Wolf-Gladrow. 2001. CO, in
Seawater: Equilibrium, Kinetics, Isotopes. Elsevier,
Amsterdam, 360 pp.





