Baroclinic Hindcasts on the WFS Gauged against In-situ Data

How Estuaries Work: A Charlotte Harbor Example, Journal of Marine Research, 2003, vol. 61, 635-657.  by R. H. Weisberg and L. Zheng
We consider the time-averaged, estuarine circulation through a control volume analysis of its mechanical energy balance; hence the title of our paper: “How estuaries work.”  The venue is the Charlotte Harbor on Florida’s west coast, and the analysis medium is the primitive equation ECOM3D-si model.  We are motivated by an estuary classification dilemma.  Being that estuarine circulation is buoyancy driven by the horizontal salinity gradient, and that the gradient increases with increasing vertical mixing as the salinity isolines rotate from horizontal to vertical, it follows that an increase in mixing should lead to an increase in circulation.  Yet, at some point, intermediate between partial and well mixed, the estuarine circulation decreases.  We explore this conundrum by considering the sources and sinks of mechanical energy, derived from river, tide, and wind forcing, through analyses of pressure work, work by stresses operating on the surface and the bottom, work against buoyancy through mixing and advection, and turbulence energy production by velocity component shears.  How the energy partitions between work against buoyancy (that sets the driving force) and turbulence production (that serves as a brake) provides an answer.  Depending on tides and winds, if the incremental rate of turbulence production exceeds that of buoyancy work the estuarine circulation slows.  A useful measure is the ratio of buoyancy work to turbulence production.  As this ratio increases so does the circulation, and conversely (Fig. 1).  For the Charlotte Harbor, tides alone cause peak circulation.  Weak, oscillatory winds may add to this, but with increasing wind stress the tide and wind averaged estuarine circulation decreases.  Further exploration of these effects across Rayleigh number space with varying estuarine geometries and forcing functions may lead to improved understandings of estuary workings in general.
[image: image1.wmf]Fig. 1: The averaged net outflow transport, rate of work against buoyancy, rate of dissipation by vertical shear production, and their ratio (from upper to lower) as functions of oscillatory wind speeds.

Tide, Buoyancy, and Wind-Driven Circulation of the Charlotte Harbor Estuary: A Model Study, 2004, Journal of Geophysical Research, 109, C06011, doi:10.1029/2003JC001996.  
by L. Zheng and R. H. Weisberg
Circulation of the Charlotte Harbor (CH) estuary is explored with a primitive equation model that encompasses the estuary and the adjacent West Florida Shelf.  Tidal forcing is from the shelf through the inlets.  We use the M2, S2, K1, and O1 constituents that account for 95% of the shelf tidal variance.  River inflows are by the Peace, Myakka, and Caloosahatchee Rivers at their spring 1998 mean values.  Wind effects are considered for upwelling or downwelling favorable winds that are either held constant or allowed to oscillate with varying periodicities.   These factors are sequentially added to look at their individual and collective influences on the estuary’s circulation and salinity fields.  Tidal currents are asymmetric and slightly ebb-dominant during spring tides.  River inflows, combined with tidal mixing, result in a net estuarine circulation by gravitational convection, and the Coriolis acceleration causes the out-flowing currents to be stronger and with lower salinity on the western side of the CH portion of the estuary.   By virtue of shallow connecting passages the CH portion acts nearly independently from the San Carlos Bay portion of the combined CH estuary system.  The addition of wind affects both the instantaneous and net circulation and salinity distributions by increasing mixing and by imposing a force that may add either constructively or destructively with the gravitational convection.  The net up-estuary salt flux is also affected by tides and winds through their contributions to the Reynolds’ flux, which exceeds the salt flux by gravitational convection alone (Fig. 2).  
[image: image6.wmf]
Fig. 2: Up-estuary salt flux integrated across a section: (top) tide and rivers only, and (bottom) tides, plus rivers, plus 5 m s-1 oscillatory winds.  The solid line is the low-pass-filtered (nontidal) salt flux that consists of contributions by the mean gravitational convection (the dashed line) and the Reynolds’ fluxes due to rectification by either the tides or by the tides plus winds (the difference between the dashed line and the dot-dashed line).
Important findings from the above two studies are:

· The estuarine circulation increases initially with increasing vertical mixing, and decreases finally with further increasing vertical mixing to the point when the incremental rate of turbulent production exceeds that of buoyancy work.
· Two portions of the Charlotte Harbor (CH) estuary system (CH portion and San Carlos Bay portion) act independently.
· Tidal currents in CH estuary are asymmetric and slightly ebb-dominant during spring tides.

· The contribution of the Reynolds’ flux to the net up-estuary salt flux exceeds that of mean gravitational convection. 

Coastal Ocean Wind Fields Gauged Against the Performance of an Ocean Circulation Model, 2004, Geophysical Research Letters, Vol. 30, L14303, doi: 10.1029/2003GL019261,
by Ruoying He, Yonggang Liu, Robert H. Weisberg
Atmosphere model-derived flux fields are used to force coastal ocean models.  Coarse resolution and incomplete boundary layer dynamics limit the accuracy of these forcing fields and hence the performance of the ocean models.  We address this limitation for the west Florida shelf using optimal interpolation to blend winds measured in-situ with winds produced by model analyses.  By improving the coastal wind field we improve the fidelity between currents modeled and currents observed.  Comparisons between momentum analyses performed independently from the model and the data demonstrate the fidelity to be of a correct dynamical basis.  We conclude that the primary limitation to coastal ocean model performance lies with the boundary conditions.
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Figure 1. NCEP EDAS analyses footprint (black dots) on the WFS and the locations of coastal winds measured (black squares) by a combination of buoys and coastal stations, overlain on the WFS circulation model grid. The upper right panel shows the locations of USF moorings EC4 and EC5 on the 20 m and 10 m isobaths, respectively.
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Figure 2. Observed and modeled currents at the 10 m isobath (mooring EC5) sampled near-surface, at mid-water column, and near-bottom. 

Local and deep-ocean forcing contributions to anomalous water properties on the West Florida Shelf, 2003: Journal of Geophysical Research, Vol. 108, C6, 3184, doi: 10.1029/2002JC001407, by Robert H. Weisberg and Ruoying He
Material property distributions on continental shelves result from the mixing and modifications of estuarine and deep-ocean source waters. How this occurs depends on the momentum and buoyancy that are input either locally on the shelf or from the deep-ocean at the shelf break. We address this question of local versus deep-ocean forcing for the West Florida Shelf (WFS) using in situ data and a numerical circulation model. The spring and summer seasons of 1998 and 1999 show distinctively different water properties on the shelf and at the shelf break. We account for these differences by a combination of local forcing, independent of the adjacent Gulf of Mexico Loop Current, and interactions of the Loop Current with the shelf. The primary role of the deep ocean is to set the height of material isopleths along the shelf slope. Whether or not these material isopleths broach the shelf break is then a consequence of local, shelf-wide wind and buoyancy forcing. The subsequent along- and across-shelf distributions are accomplished through a combination of local and deep-ocean effects, with the bottom Ekman layer being the major conduit for the across-shelf transport of ecologically important materials. A companion paper: Phytoplankton response to intrusion of slope water on the west Florida shelf: Model and observations, Journal of Geophysical Research, 2003: Vol. 108, C6, 3190, doi: 10.1029/2002JC001406 by Walsh et al. devised a coupled biophysical model to study phytoplankton response during the same time period.
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Figure 1. Modeled depth-averaged currents superimposed on (left) modeled sea surface temperature and (right) sea surface salinity sampled at the end of the spring runs on 31 May.
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Figure 2. Modeled bottom velocity and temperature fields sampled on 15 May 1998 for the case of local plus Loop Current forcing.
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