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ABSTRACT

A second-moment, turbulence closure model is applied to the problem of the dynamic and thermodynamic
interaction of sea ice and the ocean surface mixed layer. In the case of ice moving over a warm, ocean surface
layer, melting is intrinsically a transient process; that is, melting is rapid when warm surface water initially
contacts the ice. Then the process slows when surface water is insulated from deeper water due to the stabilizing
effect of the melt water, and the thermal energy stored in the surface layer is depleted. Effectively, the same
process prevails when ocean surface water flows under stationary ice in which case, after an initial rapid increase,
the melting process decreases with downstream distance. Accompanying the stabilizing effect of the melt water
is a reduction in the ice-seawater interfacial shear stress. This process and model simulations are used to explain
field observations wherein ice near the marginal ice zone diverges from the main pack.

When the surface ice layer is made to grow by imposing heat conduction through the ice, the surface ocean
layer is destabilized by brine rejection and mixing in the water column is enhanced. The heat flux into the water
column is a small percentage of the heat conduction through the ice.

1. Introduction

In model simulations of the dynamics and ther-
modynamics of sea ice, interaction with the ocean has
virtually been ignored (Hibler, 1979) although, in the
important marginal ice zones, heat transfer from the
ocean is an important process in determining the lo-
cation and physical characteristics of these zones. Re-
cently, Hibler and Bryan (1984) coupled an ice model
with an ocean model; no attempt was made to resolve
or model the ocean surface layer, the region of direct
interaction between the ice and ocean, but they did
cite the need for more realistic boundary layer for-
mulations.

A simple dynamic and thermodynamic model of
the ocean surface layer under a melting ice pack has
been provided by McPhee (1981, 1982, 1983). He rec-

ognized the role of density stratification and incorpo-

rated known properties of turbulent boundary layers
as they are understood from laboratory data. The main
deficiency was that the model was a steady state model,
which probably provides good estimates of the solutions
of the Coriolis-dominated momentum equations but
which has difficulty estimating the thermodynamics.
In this paper we will show that, in the case of melting
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ice overlaying warm water, the thermodynamic process
is inherently a transient process.

Josberger (1983) also provided a thermodynamic
model of the melting ice problem wherein the eddy
heat diffusivity was parametrically related to wind
stress. Aside from the fact that the model was also a
steady state model, his assumed temperature distri-
bution was not realistic, and through analytical error
(in computing an Obukhoff length) he concluded that
density stratification was not important.

In this paper we introduce a model that is first con-
strained to horizontally homogeneous fields but which
is unsteady. The solutions are then shown to approx-
imate steady flows that are inhomogeneous in one space
coordinate. Solutions are obtained numerically and
depict the evolution of temperature, salinity and ve-
locity fields and the evolution of surface stress and melt
rate. We use a second-moment turbulence closure
model to provide mixing coefficients that respond to
vertical, velocity and density gradients.

Close attention is given to the interfacial ice-sea
boundary conditions wherein it is necessary to combine
conventional turbulent boundary layer methodology,
involving the law of the wall and roughness parameters,
with the proper energy and salinity balances associated






