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A HYPOTHESIS ABOUT D!SCONTINUITY LAYERS 

During the sur~er very sudden vert1cal changes in teflperature are 
often observed and this feature is usually called a discontinuity layer. 
In the North Sea, it can be of the order of 5°C in less than 2 fl and a 
good indication of its distribution is given by Dietrich (1954), Fig.1. 

t,His resul ts show tha t the discontinuity can be just as strong in ooopara.­
'tively shallow water of 50 m as in the deeper water to the north of the 
area. In partioular, in the southern area oalled the Austern Grund, 
there seeos to be either a sharp thermooline or none at all. 

Suoh marked ohanges seem rather at odds with the usually expeoted 
effects of turbulence in a region where there oan be oonsiderable tidel 
and wind mixing sinee these oould be thought to produoe a more gradual 
gradient of temperature. This expectation of a shallow slope to the 
thermooline depends on the assumption thai vertioal mixing flust every­
where tend to lessen the steepness of the thermooline. If, however, 
vertioal mixing inoreased the slope under oertain oonditions, then a 
meohanism would exist whioh would lead to the,foroation of disoontinuity 
layers. It i8 the purpose of this note to suggest that suoh a meohanism 
seems possible within the aocepted ideas about the relation between 
vertioal oixing and stability. 

It 1s generally assumed that for a given velocity gradient there is 
a level of stability above which turbulence is inhibited (Sverdrup, 
Johnson & Fleming, 1942, p.476). As no adequate form 1s known for the 
relationship between turbulenoe and stability,· the simplest method is to 
assumo·a linear relation. Also, for sioplioity, temperature rathol" than 
density changes will be oonsidered. On this basis the ooefficient of 
eddy conductivity, AT' takes the form 
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where a and b are positive functions 

The equation governing the .turbulent mixing o.f temperature is 
gene rally taken to be the simple "momentum" form, 

( 1 ) 

but it should be remembored that the applioation of this to oonditions 
of groat stability is rat her doubtful. . 

Using (1) and (2), and assuming that the velocity gradients ohange 
slowly, 
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Consider now a typioal thermooline as shown by the continuous line 
in Fig.l, where z is the depth of the point of infleotion. In the 
region below z 0 
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Thus the change in temperature must be towards the broken line in 

Fig.2. B,y similar reasoning, if there were no interehange of heat through 
the sea surfaee, then there wHl be a siBilar typs of ehange fron the 
surfaee to z. The oombined result is that in the neighbourhood of z 
there is an ~norease in the steepness of the thermooline. Obviously 0 

further ohanges will tend to inorease the steepness of the therBooline even 
more 0 

In this model therefore it is not neeessary that stability should 
ooeur initially for the diseontinuity to develop in this way; all that 
is required with these particular conditions is that the steopness of the 
thermooline should be at least half that at which stability would ooeur. 
Again, for thi~ model, the value of a half is eritical sinee above it 
mixing will tend to produce a diseontinuity layer while below it mixing 
will tend to eliminate the thermocline. 

In the shallower parts of the North Sea suoh a tendenoy to extremes 
appears to ooour (for this region there will often be a salinity gradient 
whioh will help to inorease the stabil i ty but whioh will not alter the 
principles disoussed here). The possible explanation of this is that in 
early SUF~er there is a relatively oaln period when the velo city shears are 
lo~. In some areas the thermocline will be suffioiently steep to produoe 
an aooelerating process towards a disoontinuity whioh oannot be broken down 
by later increases in nixing, in other areas, with a smaller thermooline, 
,,':'xing will tend to lessen the slope and later nixing will carry this on to 
give vertical homogeneityo In this way the situation found in Dietrieh's 
ohart between Dogger Bank and Tersohelling will be produoed. 

This hypothesis about diseontinuity layers is based on what is probably 
a far too simple linear relation between mixing and stability with zero 
turbulenee at a partieular value of stability. It is intended merely to 
indioate the direotion which tenperature changes may possibly take under 
these types of conditionso In reality the situation will be far more 
oomplex and this model may be invalidated by other faotorsneglected here. 
One of these has been mentioned already; it is the effeot of varying 
veloeity gradients which probably approaoh their maximum at the maximum 
stability thus tending to prevent a reduotion in turbulence. Further, the 
faot that in a density gradient the coefficient of eddy conductivity is 
lower than the coeffieient of eddy visoosity (Taylor, 1931) mayaiso prevent 
the ooeurrence of a sufficiently low levol of mixingo Yet a postulate 
seems neoessary to explain the presence of a disoontinuity layer and perhaps 
also the similar pattern found laterally in the Paeifio and termed an 
"oeeanie front" (Cromwell & Reid, 1956). This one is given in the 
eertainty that others will improve on ito 
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