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7.1  Introduction TC "7.1  Introduction" \f C \l "2" 
The material presented in this chapter is a first effort to develop an integration of some of the observations made and used in this project.  It is the beginnings of a conceptual model that will describe many of the various circulation patterns in an idealized/conceptualized model.  The study region has many complex oceanographic processes of varying time and spatial scales; this is but a first attempt at a descriptive characterization.
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The discussion in Chapter 5 of Loop Current Frontal Eddies (LCFE), in conjunction with Table 5.3-1 that summarizes LCFE physical characteristics, reveals certain consistent and repeatable patterns in the evolution of observable features in the SST and SSH fields, and the responses in the flow and temperature measurements of the moored array that suggest distinct modes of interaction. The physical processes controlling these modes of interaction will be discussed with the aid of conceptual models.

•  Mode 1. 
Direct Interaction from LC or LC Ring 

Mode 1a.  Mode 1a (Figure 7.2-1a) represents direct interaction of the northern edge of either the LC when it is near its maximum penetration into the eastern Gulf, or, a warm ring that is directly to the south of the array. In either case, the strong eastward flow near the northern boundary of the LC/ring will cause strong eastward flow and negative offshore temperature gradients in the array from near surface to at least 500m. A schematic model of this process is shown in Figure 7.2-1a. A good example of the current response to a warm intrusion of this type occurred for most of Period 7 (See Chapter 5) from early November 1998 to early January 1999 as shown by the strong, persistent eastward alongslope flow at all sites throughout the period (Figures 5.2-1b and –2d).

Mode 1b.  Mode 1b is a form of remote ring interaction with the steep slope. SST imagery together with moored current vectors indicate that when a remnant warm LC ring interacts with the slope west of the Mississippi River delta, a warm eastward jet can develop over the slope and extend into the array region. A schematic representation of this process is shown in Figure 7.2-1b. The impingement onto the slope of strong eastward flow within the ring will set-up a negative alongslope pressure gradient that would be trapped over the slope by the steep topography and thus drive a warm eastward jet along the slope. A clear example of this mode of interaction occurred during November 1997 through January 1998 (Figure 5.2-6) and resulted in strong eastward flow over the upper 500m that continued for about 3 months at most sites in the array (Figures 5.2-1b and –2b).

•  Mode 2.
LC Frontal Eddy Interactions

Mode 2a.  One of the more common events causing strong flow and temperature variability within the moored array comes from the interaction of LCFE’s with the slope. Mode 2a represents the interaction that occurs from LCFE’s moving around the northern boundary of a mature LC. This process is shown schematically in Figure 7.2-2a. LCFE’s can have horizontal scales of several hundred km’s and extend to depths of 600 to 800m. The cyclonic circulation in these features entrains warm LC water around their cold cores in the upper 100m. As the eddies move to the east around the LC and south of the array, they leave a long trailing warm streamer of upper level LC water that extends into the moored array.  Isobaths curvature in the array shifts from a east-west orientation in the western part to more SE-NW alignment in the eastern part of the array. Thus, the northwest extension of a warm streamer will cross isobaths into shallower water. As a result the warm upper layer will shrink and vorticity constraints will cause an anticyclonic rotation. The streamer continues to pump warm water into the array region as the LCFE moves to the southeastcausing the eventual spin-up of a warm anticyclonic eddy over the array. This produces an eastward flow with a negative cross-slope temperature gradient in the upper 100m of the array. Below that depth, the cyclonic circulation in the LCFE causes strong, persistent westward flow. LCFE’s 1, 2, 4, 5, 11 and 12 (Table 5.3-1) all produced this type of current and temperature response during their passage south of the array. Examples in SST imagery are given in Figures 5.2-3a, -10, -15, and –16. Intrusions of these warm streamers can sometimes result in strong up-canyon flows in the DeSoto Canyon (Figure 5.2-10a). Offshore flows can result from the convergence of the trailing wake of a LCFE with an approaching ring or LC crest (Figure 5.2-10a). Both processes can result in significant cross-slope exchange.

Mode 2b.  Mode 2b is essentially the same as Mode 2a except the LCFE is located on the boundary of a LC ring south of the array instead of the LC itself (Figure 7.2-2b). LCFE 9 appears to have this mode of interaction.

Mode 2c.  Mode 2c occurs when a LCFE is located close to the array and is directly interacting with the slope (Figure 7.2-2c). The warm streamer is more parallel to the slope bathymetry and is advected to the west around the cold core of the eddy. As a result the flow is westward throughout the array both above and below 100m. LCFE’s 3 and 8 were of this type (Figure 5.2-9).

Mode 2d.  Mode 2d represents the type of flow interaction that can occur from a LCFE on the eastern boundary of a warm ring, where its southward movement is blocked by a growing LC (Figure 7.2-2d). The LCFE produces westward flow in the deeper waters below 200m and eastward flow results in the upper 100m from the anticyclonic eddy that spins-up over the array from the warm streamer. Blockage of the movement of the LCFE can result in a near stationary eddy and prolonged influence on the flows in

the study region. LCFE’s 3 and 10 had this mode of interaction (Figures 5.2-7, -9 and –10).   
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The previous sections have discussed how LCFE’s affect circulation on the lower slope, and contribute to the generation of anticyclones.  The presence of eddies on the lower slope generates circulation patterns on the upper slope that can persist for periods of order weeks to months.  

The most characteristic flow pattern is a two-layer jet with eastward flow at the surface and a return flow at depth.  The transition between the upper and lower flows varies with the offshore forcing but is typically between 200 and 300m.  The upper-layer jet along the Alabama slope can take various paths through the DeSoto Canyon, including bypassing the head of the Canyon or at the Florida slope.  In the former case, the head of the canyon is often occupied by one or more eddies that can be cyclonic or anticyclonic.  These jet-like flows are efficient at transporting Mississippi River water discharged near the delta out over the slope, and on occasion, injecting it onto the west Florida shelf.

The westward counter flow at depth is more complex and may have several causes including being an entrainment flow into a deep offshore cyclonic eddy, and the blockage of offshore eastward or northward flows by the west Florida escarpment that seems to turn these flows cyclonically into a westward current along the slope.  This type of cyclonic turning at depth is often accompanied by a surface-layer cyclonic eddy in the head of the canyon.  A sketch of this flow pattern is given in Figure 7.3-1.  If a cyclonic frontal eddy associated with an extended LC or a recently detached LC ring moves onto the slope then the predominant eastward flows at the surface are replaced by westward flows of the cyclone.

Superimposed on these relatively steady flow patterns are fluctuating eddy-like currents that can alternately reinforce and oppose these circulations.  The energetic parts of the spectrum can vary with position and season and the relatively poor coherence between adjacent moorings indicates that a good portion of these type motions are transitory and not well resolved even with the close spacing of the array.  At long periods of ~100 days, there is evidence of the coherent propagating signal.  This may indicate that the slope is acting as a topographic wave-guide allowing large-scale long-period disturbances, that may be initiated in the northeast Gulf, to propagate onto the Western Gulf slope.

Because the LC eddy shedding cycle is variable and does not have an annual component, the eddy field over the slope does not have a specific seasonal component.  However, there is a difference in the circulation characteristics between summer and winter caused by wind-forcing.  In winter (~December through March), there are frequent synoptic weather systems passing over the northeast Gulf.  These systems produce energetic along-isobath, upper-layer flows that follow the canyon rim 

with periodicities from ~3 to 15 days.  These flows are largely absent in the summer.  The wind component that is most effective in generating this slope response is directed parallel to the west Florida slope.  The maximum current fluctuations are found over the Alabama slope with a lag of order one-day.  The response is qualitatively that of an arrested topographic wave with that maximum response downstream (in a continental shelf-wave sense) of the maximum along isobath wind-stress.  This is attributed to the relatively narrow shelf such that the cross-shelf length scale for continental shelf-waves extends over the slope.  This is in contrast to the wide Texas-Louisiana shelf and slope where shelf-edge currents have little correlation with winter-storm winds (Nowlin et al. 1998).

Finally, the high frequency currents are dominated by inertial oscillations, with periods of ~1 day, that are present in deep water throughout the year.  At the shelf break, inertial oscillations are present in the summer but not in the winter because of the lack of stratification in the latter.  There is some evidence that inertial-internal wave energy is being trapped by the eddy-jet current systems of the slope.  Hurricanes passing over the slope in summer produce a strong inertial response, which can persist for many days.
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