Lagrangian Circulation in the SAB

As a step toward modeling larval fish dispersal on the Southeast U.S. continental shelf ecosystem (SEUSCS; see Figure 1), we have used a 3-D numerical model for the South Atlantic Bight (SAB) combined with Lagrangian particle tracking to compare to the tracks of fifteen drifters released at Grays Reef National Marine Sanctuary (GRNMS) in 2000 and 2001 (Edwards et al, in preparation). As biological-physical models develop in the range of their application and complexity, it is necessary to evaluate how well they compare to actual data and to define the conditions during which the models do not work well. Model validation is difficult and typically done through comparisons with Eulerian observations. However, the comparison of observed and modeled Lagrangian data is also an extremely useful method to verify model flow fields. Lagrangian comparisons bring additional insight to circulation fields by providing direct observations of water parcel (or drifter) movement and transport pathways.
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The circulation model used is described in Lynch and Werner (1991) and Lynch et al. (1996).  The model is a free-surface 3-D finite element time-stepping model of the shallow-water equations with conventional Boussinesq and hydrostatic assumptions. It uses terrain-following vertical coordinates configured to resolve both surface and bottom boundary layers. The circulation model was forced by both wind stress and tides. The wind field was obtained from the NCEP Eta Data Assimilation System (EDAS). The EDAS atmospheric forcing fields are provided at a 32km resolution and at 3h intervals. Surface flux fields are extracted and interpolated onto the SAB grid. The source of the tidal boundary conditions are described in Blanton et al. (2003) which includes the following five constituents: M2, N2, S2, O1, K1; we have also included Q1, P1, and K2 for consistency with the other SEACOOS modeling groups. The model time-step is 60s with a full 3-D output saved every hour which is used to compute the Lagrangian trajectories.

The model drifters were tracked (Blanton, 1993; Edwards et al., in prep) hourly through the 3-D flow field starting at the time and location of the first satellite record from the observed drifters and were tracked for approximately one month. Edwards et al. (in prep) [image: image2.emf]includes a correction for the difference between EDAS and observed wind stress combined with an inclusion of drifter slippage in the model drifter paths.   The model drifters were kept at 10m depth to match the mid-depth of the drogues released in the field (Figure 2). Model drifters were then sampled at the reporting times of the observed drifters for analysis and plotting purposes.

The drifters were WOCE SVP holey sock drifters drogued at a depth of 10 meters. The drogues were 6m long and 1m in diameter with spherical floats either 13.5 inches or 16 inches in diameter. Due to the size and depth of the drogues, any drifters moving into water shallower than 15m are assumed to drag the bottom. This occurred during only twice: drifter 26723 released on June 21st and drifter 30374 released on October 3rd.  
[image: image3.emf]Overall, the agreement between the observed and modeled drifters is very good (Figure 3).  The combination of observed and model drifter tracks indicate that the fish populations on the SAB might be relatively closed  to recruitment from areas outside of the SAB and need to be largely self-recruiting and self-sustaining.
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Figure � SEQ Figure \* ARABIC �1�. FEM Model Domain.
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Figure � SEQ Figure \* ARABIC �2�. Observed drifter tracks. Two of the drifters were caught in the Gulf Stream and advected off of the shelf, but the other thirteen drifters remained on the shelf throughout the two month period they were tracked. This combination of drifter tracks indicates that retention is high on the SAB and implies that the larval fish spawned on the shelf remain on the SAB.  
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Figure � SEQ Figure \* ARABIC �3�. Separation distance versus time for all fifteen of the drifters released. A linear regression for all fifteen drifter releases gives a slope of 2.0 km d-1 with an r2 value of only 0.48.  The regression, excluding the June 2000 drifters, produces a slope of 1.7 km d-1 (less than 2 cm s-1) with an r2 value of 0.89.
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