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Research questions:

Primary and secondary circulation
Large-scale and eddy circulation
Role of bathymetry

Where do we need high resolution?

The impact of narrow straits on the dynamics of
interconnected basins (water and salt cycles).

Are the straits dynamics similar to estuarine circulation?
Data needed

Motivation:

- Use unstructured-grid models to accurately resolve
processes in the narrow straits and exchange between the
inter-connected basins at the same time (in one model).



Pickard and Emery, 1990
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Marsigly: density of sea water, two-layer exchange, step to understanding baroclinicity
Knudsen: a view on the estuarine circulation and mixing of waters based on  CONSERVATION of both mass and salt, he did‘t go beyond mass conservation. The ratio S1/S2 is rather diagnostic. Many estuaries are friction dominated; the role of small-scale processes has not been addressed. Do we have these processes in our models?
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Hansen & Rattray, (J. Marine Research, 23, 104-122; 1965)
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Presentation Notes
The full red line (the mixing line as defined by those authors) divides the estuaries into two classes. To its left are estuaries that are always stratified, and to the right are those that can mix up to the surface within a tidal cycle. 


Well-known (ocean) cases

Denmark Strait (deep part <100 km wide)

Strait of Gibraltar (~300-900 m
deep and ~15 km wide)
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Integrated System
Model; www.schism.wiki

SCHISM
3D, primitive equations, unstructured-grid.

- Upgrade from an existing model (SELFE, A Semi-implicit
Eulerian-Lagrangian Finite Element model for cross-scale
ocean circulation).

- Uses hybrid finite element and finite volume approach.

- New viscosity formulation (effectively filters out spurious
modes without introducing excessive dissipation).

SCHISM Modeling System
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- New higher-order implicit advection
scheme for transport (TVD?) is proposed
to effectively handle a wide range of
Courant numbers

- Addition of quadrangular elements
into the model

- Flexible vertical grid system (Zhang et
al. 2015, OM)

- Model polymorphism that unifies
1D/2DH/2DV/3D cells in a single model
grid.

Zhang Y.J., F. Ye, E. V. Stanev, and S. Grashorn (2016):
Ocean Modelling.
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Mention that the model has been well established for the river, estuarine and ocean use. Refer to www.schism.wiki and support provided by the group of developers.


http://www.schism.wiki/
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The North Sea - Baltic Sea model
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Atmospherical forcing: DWD Cosmo EU (7km)
River forcing: SMHI EHYPE from 34 rivers (North Sea and Baltic Sea)

~400 K nodes with a minimum grid side length of ~80m (in the narrow areas of the
Little Belt), elsewhere almost uniform resolution of ~3 km.
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Remember first my experience with the Denmark strait and ist parameterization, 1987 1 or 2 deg grid for Arctic and Atlantic), remember about the missing processes in these experiences, about topograpgy: 0-order element, geostroph is 1-st order, eddies second
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Two experiments:
COARSE, FINE

Mesh details, Little Belt

FINE
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Describe coarse, remember that we use the same 500 m topo, but by increasing resolution, we enable to resolve unresolved in COARSE processes over the same topography.
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ADCP data, good performance of the model in deep part of the straits. Over the sills, the lateral processes are weak (observations show very weak velocities). Mention the two periods, which we will analyse.
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Stress on the role of the horizontal resolution for the adequate simulation of the MBI-s.
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Similarities and differences with the estuarine circulation
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Estuarine circulation is north of the narrow section.
Between the Drogden sill and constriction the straits two-layer exchange is very different from the estuarine circulation. Outflow destabilizes the water column (this contradicts the process of
tidal straining in estuaries).The barotropic velocity is compatable to the baroclinic one, while in the estuaries, the inflow (outflow) velocity is >> than the mean (estuarine circulation). See the effect of displacement of the front in the coarse.
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Presentation Notes
Stress on the similarities and differences between theoretical cases and real ones; also about the different appearances of lateral processes in the different parts of the estuaries. Remember about the simulated low lateral velocities on the Drogden sill and the respective observations.
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Impact on the axial
circulation

The axial transport through the Sound in COARSE
is 12% smaller.

The ratio between transports in the Great Belt
and the Sound changes from 2.7 (in FINE) to 3 (in
COARSE).

These “small” differences (lateral velocity ~0.1 x
axial velocity) are important for the overall salt
balances.
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The resolutioin is much more important for the case when axial velocities are stronger (outflow). Remember the displacement of the front.


Conclusions:

1. The role of horizontal resolution is crucial (missing
physics in COARSE, analogy eddy-resolving models and
non-eddy-resolving models).

2. Various appearance of secondary circulatiuon (theory
and real situations; straits and estuaries).

3. Seamless modelling of interbasin exchange

is promissing for process studies.

4. Seamless modelling has also a great potential for

operational use, for instance developing interfaces for

coupled regional coastal and estuarine predictions.
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