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[1] Three-dimensional finite element models were established for the Newfoundland and
Labrador Shelf to investigate climatological monthly mean wind- and density-driven
circulation. The model was forced using wind stresses from the National Center for
Environmental Prediction-National Center for Atmospheric Research reanalysis data
prescribed at the sea surface, large-scale remote forcing determined from a North Atlantic
model, monthly mean temperature and salinity climatology, and M2 tide on the open
boundary. The model results were examined against various in situ observations (moored
current meter, tide gauge, and vessel-mounted acoustic Doppler current profiler data) and
satellite drift measurements and discussed together with literature information. The
seasonal mean circulation solutions were investigated in terms of relative importance of
wind to density forcing for the Labrador Current. The model results indicate significant
seasonal and spatial variations, consistent generally with previous study results and in
approximate agreement with observations for the major currents. The region is dominated
by the equatorward flowing Labrador Current along the shelf edge and along the Labrador
and Newfoundland coasts. The Labrador Current is strong in the fall/winter and weak
in the spring/summer. The mean transport of the shelf edge Labrador Current is 7.5 Sv at
the Seal Island transect and 5.5 Sv through the Flemish Pass. The seasonal ranges are
4.5 and 5.2 Sv at the two sections, respectively. Density- and wind-driven components are
both important in the inshore Labrador Current. The density-driven component dominates
the mean component of the shelf edge Labrador Current while the large-scale wind-forcing
contributes significantly to its seasonal variability.
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1. Introduction

[2] Ocean circulation and hydrography over the New-
foundland and Labrador Shelf and Slope exhibit prominent
seasonal variations, attributable to strong influences of
large-scale ocean circulation (the colder and fresher equa-
torward Labrador Current and the warmer and saltier
poleward North Atlantic Current), changes in surface winds
and heat flux, and ice formation/melting [Loder et al.,
1998]. The influence of the large-scale ocean circulation
is of particular relevance to the regional circulation and
therefore of great importance in understanding the circula-
tion features and dynamics on the seasonal and interannual
scales. In addition to variations of the Labrador Current
strength and pathway, meanders and frontal eddies pinched
from the North Atlantic Current can generate prominent

temporal and spatial variability in regional hydrography
and circulation, resulting in intensive shelf/deep ocean
interactions.
[3] Extensive efforts have been made to understand these

profound changes from various perspectives such as the
Atlantic Zone Monitoring Program (AZMP) launched by
Fisheries and Oceans Canada in late 1990s [Therriault et
al., 1998]. The AZMP regularly collect physical, chemical
and biological oceanographic data at fixed stations and
transects (see Figure 1 for the examples off Newfoundland
and Labrador) on the Atlantic Canadian shelves and slopes.
For the Newfoundland and Labrador Shelf, a modeling
component with an emphasis on physical environments
and its impacts on biological and fisheries processes is
essential to complement the observational program. In the
long run, the modeling component would synthesize in situ
and satellite remote sensing data with underlying dynamics
to provide observationally based and dynamically consistent
water properties and circulation fields.
[4] Quantitative knowledge and dynamical understanding

of three-dimensional shelf circulation is not only of phys-
ical, but also of biological and environmental importance
for this region. Petrie and Anderson [1983] estimated mean
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flows and transports, and their fluctuations on the New-
foundland Shelf and Slope from various data sources. There
have been a number of highly relevant modeling studies
focused on the shelf-scale features, e.g., Greenberg and

Petrie’s [1988] barotropic model for the mean circulation on
the Grand Bank, Hannah et al.’s [1995] linear models for
the Grand Bank circulation, Tang et al.’s [1996] diagnostic
modeling for the Labrador Shelf, Sheng and Thompson’s

Figure 1. Map showing the Labrador and Newfoundland Shelf and adjacent NWAtlantic Ocean and the
model open boundaries (thick solid lines). The isobaths displayed are 100, 200, 1000, 3000, 4000, and
5000 m. The Seal Island (SI), Bonavista (BV), Flemish Cap (FC), and Southeast Grand Bank (SGB)
transects are shown as thick dashed lines (from north to south). The filled squares (S1 and S2) are the two
sites where the temporal evolution of the model temperature, salinity, and density will be shown in
section 4. AC, Avalon Channel; FP, Flemish Pass; LC, Labrador Current; NAC, North Atlantic Current;
OB, Orphan Basin; SBI, Strait of Belle Isle. The gray segments with end dots depict the horizontal extent
for calculating the volume transport.
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