Stratification / potential energy anomaly

Key message

Stratification is when a sharp density gradient between a surface mixed
layer and deeper water masses occurs. It can be due to differences in the
temperature, salinity or both between the two layers. Deeper regions
on the shelf experience seasonal temperature stratification, while many
Scottish coastal regions are also stratified due to freshwater inputs.

Background

The vertical structure of the seas and oceans can
at times show a sharp density gradient between a
surface mixed layer of relatively uniform density,
and a similar near-bed layer. These two layers
can differ in their temperatures, salinities or both.
This stratification occurs most often in estuaries
or regions of freshwater influence, or seasonally
in regions where the relative contribution of tidal
mixing is insufficient to fully mix the incoming
solar heat input in spring and summer throughout
the water column.

Stratification forms a boundary for the exchange
of chemical compounds and passively drifting
particles between the two layers, for example,
reducing the atmospheric exchange of oxygen,
and limiting the supply of nutrients to the surface

layers. This can be particularly important for
marine organisms: the reduced surface exchange
of oxygen can lead to oxygen depletion near the
sea bed, and the limitation of nutrient supply to
the surface layer places limits on phytoplankton
growth in the euphotic zone.

Fronts are where the water column transitions
from a stratified to mixed vertical structure.
These regions are important from an ocean
circulation perspective, as frontal jets flow
parallel to this boundary between the stratified
and mixed regions. On the UK continental shelf,
there is a near-continuous chain of jets which
connects the south of Ireland to the northern
North Sea during the summer-stratified season
(Hill et al., 2008).
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Changes in stratification can happen if the
processes determining stratification change: for
example, due to changes in current strength,
atmospheric heat input or wind stress.

Results

The regions of seasonal stratification are
determined by the bathymetry and the
strength of tidal currents. The strength of
stratification in all Scottish and Offshore

Marine Regions is highest in late summer,
when the solar heat input is largest.

The only region where there is also
significant variability of the stratification
in winter-time is the Clyde (Figure 1).

For further information on this topic go to: https://marine.gov.scot/sma/assessment/stratification-potential-energy-anomaly
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Figure 1.

Boxplots by region of the strength of stratification (Potential
Energy Anomaly in J m3) throughout the year. Black titles
and axes - SMRs; grey titles and axes OMRs. Boxplots show
mean (red line), 25th and 75th percentiles (blue rectangle)
and extremes not considered outliers (black whiskers). The
whiskers include approx. 99% of the observations. Red
crosses are observations identified as outliers (more than 1.5
times the difference between the 25th and 75th percentiles).
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Figure 2:

Map showing the strength of stratification (Potential Energy Anomaly in J m3) in August. The red contour is the 20 J m3, which
can be considered the position of the frontal region where a transition between vertically mixed and stratified waters occurs.

Here, the freshwater input from land run-off

in winter can be large and, although mean
stratification is relatively low, individual events
of significant stratification can occur, with a
similar strength to the summer time maxima
observed in other Scottish regions.

The regions with significant summer-time
stratification are those where the bathymetry is
generally sufficiently deep, or tidal currents are
relatively weaker, so that the solar heat input
from spring onwards is insufficiently mixed
through the water column, allowing for a surface
warm layer to be created. In Scottish waters, this
applies to all the Offshore Marine Regions.

Tidal mixing fronts occur where the vertical
water column structure transitions from
mixed to stratified. Along these fronts, strong
jet-like currents form due to the density
structure. Two main tidal mixing fronts occur
in Scottish waters (Figure 2): the Islay front in
the Argyll and Solway SMRs, and the fronts
between Orkney and Shetland (which can at
times be found in the North Scotland Shelf,
Orkney, Shetland, East Shetland Shelf and
Fladen and Moray Firth Offshore regions).




Conclusion

Large regions of Scottish waters stratify in

the summer-time when the solar heat input is
relatively large and the tidal currents are too
weak for the water depth to fully mix the heat
through the water column. The Clyde also shows
large individual events of strong stratification
in winter-time, due to large freshwater run-off
events. Stratification is important as it reduces
the ocean-atmosphere exchange for parts of the
water column, reducing the near-bed oxygen,
and limits the nutrient supply to the surface
layer, thus impacting the primary productivity.

As the regions of seasonal stratification are
determined by the bathymetry and the strength
of tidal currents, any process which influences
the latter will shift the stratification regions.
Research has suggested that large-scale tidal
energy extraction could have an impact, but more

work needs to be done. Climate change can also
affect stratification through changes in solar
radiation or wind stress. Seasonal stratification
limits the ocean-atmosphere exchange for the
near-bed water masses in stratified areas, and
therefore can reduce the near-bed oxygen
concentrations towards the end of summer.

Knowledge gaps

In situ observations of vertical water

column structure are relatively sparse

and insufficient to quantify changes in
stratification with time. Improved computer
simulations of ocean processes would enable
the application of numerical data products
to assess changes in stratification.
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