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ABSTRACT 

The diffusion and convection at low temperature at an interface separating a cold, low salinity 
upper layer from a warmer, more saline lower layer are examined. The densities of the layers are 
assumed equal and an approximate, non-linear equation of state is used. The vertical transports 
are determined from the molecular, diffusive fluxes through the interface. The diffusion creates 
instabilities at the interface, which convect into the layers. The transition from diffusion to con­
vection is estimated from a Rayleigh number based upon the penetration depth of the density 
anomaly. The convection occurs as quasi-stationary plumes, maintained by inflow of lighter/ 
denser water, driven by horizontal pressure gradients induced by the density redistribution. The 
turbulent energy produced in the layers is calculated from the terminal vertical velocity of the 
buoyant parcels and the horizontal and vertical length scales of the convection. The turbulent 
energy density is found to depend on layer depth and buoyancy fluxes through the interface can­
not be used directly as estimates of the turbulence production. Both turbulent entrainment and 
the non-linear equation of state could be of less importance for the transport though a diffusive 
interface in the oceans than what is inferred from corresponding laboratory experiments. 

1. Introduction 

The molecular properties of sea water, i.e., the 
non-linearity of its equation of state and the dif­
ferent diffusivities of heat and salt, influence pro­
cesses of much larger scales and are important 
in mixing and water mass formation. Many of 
these phenomena have recently been reviewed by 
Carmack (1986), who also gives an extensive 
reference list. 

The non-linear effects become especially 
noticable in the Polar seas. The lowering of the 
freezing point with pressure, the higher com­
pressibility of colder water and the contraction on 
mixing or cabbeling, where the mixture of two 
water masses of similar densities becomes denser 
than either of the original waters, are all believed 
important for deep water formation. Another 
feature of the Polar oceans is the presence of cold 
surface water overlaying a deeper, warmer water 
mass. This configuration, with the faster diffusing 
component (heat) destabilizing, promotes the for­
mation of diffusive interfaces. Deep homogenous 
layers, vertically separated by thin interfaces, 
associated with jumps in temperature and salinity, 
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are indeed observed in the Polar seas (Fig. 1 ). The 
steps are, especially in the Antarctic, often practi­
cally density compensating and the vertical 
stability between two layers is small. This has 
made Foster ( 1972) and Foster and Carmack 
(1976) suggest that cabbeling might be active 
in creating and maintaining the observed step 
structure. 

However, McDougall (1981a, b) has shown that 
for vertically superposed layers, this effect can be 
treated as a perturbation on a basic double-dif­
fusive convection driven by the unstable distribu­
tion of heat. The non-linearity creates a vertical 
asymmetry of the convection and more buoyancy 
is released in the lower than in the upper layer. 
One observable effect of this asymmetry is an 
upward migration of the interface (McDougall, 
1981b ). Both processes require that the waters mix 
down to the molecular level. We shall therefore 
describe the situation at the interface and estimate 
the vertical fluxes of heat and salt as well as the 
migration of the interface assuming only molecular 
diffusion and a non-linear equation of state. 

The discussion of the transfer between the layers 
(Section 2) is separated into two parts. In Subsec-






























