JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, C08002, doi:10.1029/2005JC003254, 2006

Click
Here
for
Full
Article

Barotropic tides on the southeast New England shelf: A view from a
hybrid data assimilative modeling approach
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[1] A high-resolution hybrid data assimilative (DA) modeling system is used to study
barotropic tides and tidal dynamics on the southeast New England shelf. In situ
observations include tidal harmonics of 5 major tidal constituents [M,, S,, N», O1, and K;]
analyzed from coastal sea level and bottom pressure gauges. The DA system consists
of both forward and inverse models. The former is the three-dimensional, finite difference,
nonlinear Regional Ocean Modeling System (ROMS). The latter is a three-dimensional
linearized, frequency domain, finite element model TRUXTON. The DA system
assimilates in situ observations via the inversion for the barotropic tidal open boundary
conditions (OBCs). Model skill is evaluated by comparing the misfits between the
observed and modeled tidal harmonics. The assimilation scheme is found effective and
efficient in correcting the tidal OBCs, which in turn improve ROMS tidal solutions.

Up to 50% decreases of model/data misfits are achieved after inverse data assimilation.
Co-amplitude and co-phase maps and tidal current ellipses for each of 5 tidal constituents
are generated, revealing complex tidal variability in this transition region between the
tidally amplified Gulf of Maine in the northeast and the tidally much less energetic Middle
Atlantic Bight in the southwest. Detailed examinations on the residual circulation,
energetics, and momentum balances of the M, tide reveal the key roles of the unique
bottom bathymetry of Nantucket Shoals and the complex coastal geometry in affecting the

regional tidal dynamics.
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1. Introduction

[2] The continental shelf of southeastern New England
south of Cape Cod, Massachusetts is located in the transi-
tion zone between the tidally amplified Gulf of Maine to the
northeast and the tidally much less energetic Mid-Atlantic
Bight shelf to the west (Figure 1). Because of its unique
geographic location, complex coast/island geometry, and
highly irregular bottom bathymetry of Nantucket Shoals,
tides and tidal currents in this area are intrinsically compli-
cated in their distributions and structures. Many physical
and biogeochemical processes in the area are affected by
the details of tidal dynamics. For instance, tides influence
the extent of vertical mixing, and thus partially determine the
location of temperature fronts that are often observable from
satellite imagery (J. L. Wilkin, The summertime heat budget
of the southeast New England shelf waters, submitted to
Journal of Physical Oceanography, 2005) (hereinafter re-
ferred to as Wilkin, submitted manuscript, 2005). The
strength of the tidal currents influences the bottom sediment
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distribution and short- and long-term fate of material and
pollutants introduced into the water column. Similarly, both
the vertical mixing and the tidal residual circulation affect the
biological productivity by controlling the vertical distribution
of nutrients and organisms and the advection of eggs and
larvae.

[3] Albeit important, knowledge of tides and tidal dy-
namics in this area is still primitive, and largely based on a
limited number of in situ point measurements [e.g., Moody
et al., 1984; Brown, 1984; Limeburner and Beardsley,
1982]. By combing recent field observations of currents
and pressures with other historical data sets in the area into a
large data assembly, Shearman and Lentz [2004] studied
both barotropic and baroclinic tides, and provided valuable
insights on tidal dynamics in a broader context of New
England shelf waters. Revealing many complex features of
the tidal dynamics, they concluded that under-sampling
problems remain, and as such, a regional tidal modeling
study is much needed to resolve and improve our under-
standing of tidal characteristics.

[4] Our objective is therefore to construct a high-resolu-
tion, regional tidal model to aid in dynamic interpolation
and interpretation for this shelf region. The area of our
interest is centered on Martha’s Vineyard, and extends west-
east from Narragansett Bay to the saddle of the Great South
Channel, and north-south from Cape Cod out to just beyond
the 60 m isobath at 40°30'N (Figure 1). As the first step, we
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