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In this project, the dispersal of dense waters formed in idealized coastal polynyas on a
uniformly sloping bottom in the absence of ambient background circulation and density
stratification is examined using a computer (numerical) model. The motivation is to
understand how dense waters formed in the winter polynyas on the northern Alaskan and
Siberian coasts travel on the Chukchi Sea shelf. This work has resulted in a manuscript
that has been recommended for publication in the Journal of Physical Oceanography
subject to minor revisions.
In the computer model, a half-ellipse-shaped coastal polynya locates next to a straight
coastline in the northern hemisphere and a spatially uniform downward salt flux is
imposed on the sea surface to mimic the brine rejection in real polynyas. Both the
numerical simulations and Claudia Cenedese’s laboratory experiments (a separate NSFsponsored project) reveal two separate bottom pathways of the dense water dispersal: an
offshore bottom plume moving downslope into deeper ambient water and a bottom
current flowing along the coast with the wall on the right (Figure 1). The downslope
flowing offshore plume is caused initially by gravity of the newly formed dense water on
the sloping bottom; the plume is then turned to the right due to the influence of the
earth’s rotation. Scaling analysis shows that the velocity of the offshore plume is
proportional not only to the density anomaly, bottom slope, and inverse of the earth
rotation rate, but also to the ratio of the dense layer thickness and the total water depth.
The along-shore pressure gradient force associated with the water density differences
generates the dense water coastal current. Its dynamics can be separated into two stages:
i) near the source region where bottom friction is negligible, its speed is proportional to
the so-called reduced gravity wave speed: square-root of the product of the density
anomaly and the dense layer thickness; ii) in the far field where bottom friction becomes
large and balances the along-shore pressure gradient force, the velocity is controlled by
the water depth at the coast, the density anomaly, the bottom drag coefficient, and the
along-shore span of the dense water plume. The velocity scalings are verified using
numerical and laboratory sensitivity experiments. The numerical simulations suggest that
only 3-23% of the dense water enters the coastal pathway, and the percentage depends
highly on the ratio of the velocities of the offshore and coastal plumes. This makes the
velocity ratio possibly useful for quantifying the amount of dense water formed in real
coastal polynyas.
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The dispersal of dense waters formed in idealized polynyas next to an island is also
examined to investigate whether the dense waters can travel around the island and be
stored on a shallow plateau on the other side of the island, or if the dense waters would
drain directly into a neighboring submarine canyon. The motivation is to understand how
the dense water formed in the polynyas next to the Wrangle Island dispersals on the
Chukchi Sea shelf and how the neighboring Herald Canyon affects the dense water
dispersal. Preliminary simulations suggest that a small amount of the dense water is able
to travel around the island, but it is unlikely that a substantial amount of the dense water
can be stored on the plateau south of the island. Once the dense water reaches the flank of
the canyon, it drains into the canyon due to increased gravitational force along the
bottom.

Figure 1. Time series of the (color) salinity anomaly and (white vectors) velocity vectors
(left) near the bottom and (right) at 25 m below the surface. Velocity vectors of speed
less than 0.015 m s-1 are omitted for clarity. The velocity scale is shown at the upper-left
corner of the upper-left panel. Black solid lines outline the polynya-forcing area: dashed
yellow lines indicate isobath contours; magenta solid lines are the salinity anomaly
contour of 0.2 psu.
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