Model Sensitivity Studies

To determine the coastal model sensitivities to offshore boundary conditions, a matrix of test cases that potentially include warm core rings interacting with the shelf in the vicinity of the Hudson shelf valley, warm core rings interacting with the relatively simpler shore-parallel shelf-break further south, and a case with no warm core rings at all.   Spatial assimilation and validation data will be provided by satellite imagery, CODAR-derived surface current maps, and subsurface adaptive sampling glider CTD surveys. 

A similar approach was used by Glenn and Robinson (1990, 1995) in an initial validation and a matrix sensitivity study for a Gulf Stream forecast model.  In their case, a matrix of 6 two-week duration data-rich test cases where chosen. Assimilation and validation datasets included satellite imagery, altimeter-derived surface current maps, and subsurface adaptive sampling aircraft AXBT surveys were used, analogues of the same datasets available today.  The test matrix spanned the typical events that could occur, including warm and cold ring generation events, warm and cold ring absorption events, and time periods without ring interactions resulting in meander growth and propagation.  Because of the data-rich nature of the test-case time periods, uncertainties in the initial condition were reduced, enabling several versions of the model to be run and checked against the validation analyses to determine the best model parameters.   Each version of the model was judged both qualitatively by its ability to reproduce the ring interaction (or non-interaction) event and quantitatively on its ability to reproduce the resulting location for the north wall of the Gulf Stream.  The quantitative model metric used was the feature-based average offset of the north wall, defined as the area between the model hindcast north wall and the observed north wall divided by the length of the segment.  This metric can be considered the cost function that was minimized in a series of runs to determine the best  model parameters.  Once assembled, the test matrix and the associated data analyses were use in other validation studies (e.g.  DAN FOX PAPER FROM BOB RHODES?)  and formed the basis for expanded data analyses (Glenn and Crowley, 1997) for the North Atlantic Data Assimilation and Model Evaluation Experiment (Williams et al., 1994).

Keen and Glenn (1996) adopted a similar feature based approach in a sensitivity analysis for a coastal model applied to Hurricane Andrew in the Gulf of Mexico.  RMS comparisons with current meter time series were useful, but more informative for model evaluation purposes were comparisons of the timing and magnitude of the peak currents, providing a still quantitative metric for understanding why one version of the model appeared to perform better than another event though RMS time series comparisons were similar.  Similar feature based quantitative metrics were used to evaluate the ROMS model during the 1998-2001 Coastal Predictive Skill Experiments (CPSE) at Tuckerton using a cross-shelf string of validation moorings (Lichtenwalner et al., 2002).  Beyond straight RMS comparisons with between models predictions and moored time series, the significant features of the flow, i.e., the depth of the thermocline, the alongshore barotropic flow, and the cross-shore baroclinic flow, were calculated for each mooring and compared to the same parameters calculated from the model, again providing greater insight into why different versions of the model appeared better.  Wilkin et al. (2005) used the same feature based model metrics to evaluate different data assimilation schemes for ROMS using the CPSE datasets.  Oke et al. 2002a,b found the Mean Square Error (MSE) statistic to describe the misfit between observations and model time series useful in their evaluation of assimilation schemes for CODAR-derived surface current maps.   Wilkin et al. (2005) adopted the same MSE metric but applied it to the feature-based time series of thermocline depth, barotropic alongshore and baroclinic cross-shore velocities rather than each individual observation.  Intermittent melding of the CODAR surface current fields and ship-towed CTD subsurface section data was found to produce the best results by this model comparison metric, better than assimilation via continuous nudging or assimilation of either dataset alone.

Similar metrics will be used here.  Straight model-data time series comparisons certainly will be calculated.  But this will be followed by a feature-based approach that focuses on specific significant features of the flow to better understand what happens when different boundary conditions or different models are used.  Potential significant features  include the axis location of the shelf slope front, and the depth of the thermocline.  The movement of these two features were shown to be the greatest sources of uncertainty in the acoustic fields in the shelf-slope frontal region (lermersiaux & chiu et al, from Harvard reference list).

Oke et al., 2002a,b  are in the references of the Wilkin et al paper.

Also need new reference for Wilkin paper now that it has been accepted.
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