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An equivalent increase in buoyancy due to freshening would require the addition of
2 m of fresh water, or a salinity decrease of 0.35 ppt.

A much more pronounced effect is obtained if the pycnocline is lowered in simulation
of a reduction in the amount of dense water produced. As an example, it was
assumed that the deep-water production decreased at a rate of 5% per annum from
an initial value of 25,000 km?®/yr (WMDW 5,000; EMDW 4,000; LIW 16,000). The
calculated annual outflow value of 1.88 Sv (2:1 summer to winter) is 2.35 times
the deep-water production. This mixing ratio was assumed to be constant in time.
A relation between the annual outflow and the depth of the pycnocline was then
determined by incrementally lowering the density profile. The result (Fig. 6, Table 1)
is an outflow that decreases slightly less rapidly than the deep-water production,
their respective half-values being 16 and 20 years. The pycnocline stabilises at the
depth at which the Atlantic and Mediterranean 300 m steric heights are equal, or
zero outflow.
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Fig. 6. Time relationship of outflow and pynocline depth
given in a 5%/yr decrease in deep-water production.
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Conclusions

The conclusion of this discussion is that the thermohaline circulation of the Mediter-
ranean is driven from below. The driving force is baroclinic. The densities of
waters behind various bathymetric restrictions are altered more rapidly than they
can exchange or mix with the waters in adjoining basins, creating internal pressure
gradients forces across the sills. The vertical structure of these pressure gradients
determines the vertical profile of transport which would quickly eradicate the pres-
sure force except for the condition of continuity that requires a compensating return
flow, making the exchange much less efficient. The temporal stability of the inter-
basin transport becomes then a question of the relative rate of production versus
the rate of outflow.

At Gibraltar we found a seasonal variation in the difference of steric height across
Gibraltar of 51 cm in winter to 37 cm in summer. This is a sufficiently large seasonal
signal to expect that with good data, monthly to interannual variations could be
monitored. The steric-height method could be applied with only one station in
each basin; however, a spatial average of stations would improve the accuracy. An
inherent assumption is that steric-height variability within each basin is smaller than
the steric-height difference from one basin to another. Other forcings that affect the
sea level will have an influence only to the extent that the internal field of mass does
not adjust to them at the depth of the sill.

Within the Mediterranean, inter-basin exchanges are determined by the pressure
force at the deepest point in common. The Tyrrhenian served as an example of
the interaction between the mass fluxes at the various openings. The fact that the
Tyrrhenian is much more of a flow-through system (through the Corsica Channel)
in the winter than in the summer adds to the complexity of the internal density
evolution by importing, and therefore mixing, larger quantities of LIW. With the
present data available it can not be shown conclusively the significance of the dif-
ferent phasing of the steric heights in adjoining basins; however, it is suggested that
this may cause important seasonal signals to the basin circulations.

With this interpretation, the inflow is a result of the sea level drop caused by the
outflow. Attempts to measure the sea level directly to compute the inflow will
be subject to relatively large observational errors and contamination with sea level
transients. Instead it is suggested that attempts be made to monitor the steric
heights. To render the steric-height method more accurate for the monitoring of
the exchange through a strait, two preliminary studies for each strait would be
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required: a determination of the best way to spatially sample, and a calibration
with properly averaged observed flow over the sill. Finally, this work also suggests
that by monitoring the internal average of the basin’s sill-depth steric height, one
could monitor the deep water volume in the basin and thereby have an independent,
although indirect, means for assessing the very difficult to observe air-sea exchange
processes.
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