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Abstract 

We deployed a Slocum G3 glider fitted with an acoustic Doppler current profiler (ADCP), a 

Conductivity-Temperature-Depth sensor (CTD), optics sensor channels, and a propeller on the 

Southeastern Florida shelf. The ADCP and CTD provide continuous measurements of Northern 

and Eastern current velocity components, salinity, temperature, and density, throughout the water 

column in a high-current environment. The optics sensor channels are able to provide 

measurements of chlorophyll concentrations, colored dissolved organic matter (CDOM), and 

backscatter particle counts. Additionally, for one of the glider deployments, we deployed a 

Wirewalker wave-powered profiling platform system also fitted with an ADCP and a CTD in the 

vicinity of the glider’s area for intercalibration of the devices. As the glider’s velocity profiles 

are analyzed through time and space we saw evidence of an intermittent southward flow (SWF) 

opposite to the overlying northward Florida Current (FC) that was previously described by 

Soloviev et al. (2017). Meandering and strength of this SWF was influenced by the presence or 

absence of the Gulf Stream close to the shore, persisting in time spans of at least a few hours. 

Although specific mechanisms that influence the SWF’s behavior are still unknown, our results 

show that its attachment to the shore along the continental slope was associated with the 

presence of eddy features in some sort of coupled system with possible implications on turbulent 

mixing. CTD results show that the SWF appears as either an undercurrent or a countercurrent 

depending on the strength of the water column stratification. Optical channel results show that 

the SWF assists in the southwards transport of particulate matter and biological material at depth, 

with possible implications on nutrient transport and biological activity. Richardson number 

results for analysis of turbulent flow were inconclusive as to how much turbulence is actually 

created by the SWF, but it does show evidence of increased turbulent activity at the interface 

between the SWF and the FC during some deployments. Analysis of the relationship between the 

northern component of velocity and the eastern component revealed a possible mechanism that 

would provide the optimal conditions for upwelling events to take place. 23 deployments have 

been done so far, with more planned for the future. More research is needed to accurately assess 

the effect the SWF has on velocities and transport of pollution and biological material along and 

across the shelf against the FC. 
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3. Introduction 

I. The Florida Current (FC) 

The predecessor of the Florida Current (FC), the Loop Current, forms in the Gulf of Mexico 

as a result of water from the western boundary current of the North Atlantic subtropical gyre 

piling up due to the rotation of the Earth and entering the Gulf through the Yucatan Channel 

(Candela et al., 2002; Perez-Brunius et al., 2018). In the Gulf, the current flows clockwise 

creating large and energetic eddies before exiting through the Straits of Florida, where it 

becomes the FC and flows northwards along the eastern coast of the US into the North Atlantic 

as part of the Gulf Stream, as shown in Figure 1 (Oey et al., 2005; Otis et al., 2019; Perez-

Brunius et al., 2018; Stommel, 1965). The FC depends highly on both spatial and temporal 

inhomogeneities of oceanic conditions, such as bottom topography, depth of the water column, 

meteorological variability, seasonal variability, etc. (Anderson & Corry, 1985; Kourafalou & 

Kang, 2012; Schott et al., 1988; Stommel, 1965; Zantopp et al., 1987). On average, the total 

steady-state volume transport of the FC is estimated to be about 30-32 Sv, with a variability of 2-

10 Sv dependent on the time scale in consideration, at speeds of up to 2 m/s (Baringer & Larsen, 

2001; Niiler & Richardson, 1973; Schmitz & Richardson, 1968). The FC also acts as an 

important mediator for biological activity, as it can be linked to several upwelling mechanisms, 

such as dynamic adjustments of the ocean due to variations in the FC (Smith, 1981), the passage 

of cyclonic eddies (Lee, 1975), and the delivery of offshore nutrient-rich water onto the 

continental shelf (Fiechter & Mooers, 2007).  



2 

 

 

Figure 1. Schematic of the Loop Current System in the Gulf of Mexico. The Loop Current enters 

the Gulf of Mexico as the Yucatan Current and exits as the Florida Current through the Florida 

Straits. The map also shows two states of the Loop Current, a retracted and an extended state. An 

example of an eddy shed by the Loop Current during its extended state is also shown (Credit 

UCAR & NASA; Dortch, 2018).  

One of the most well-known and important features associated with the FC is the appearance 

of eddies. Eddies are circular currents resulting from the divergence of the general current due to, 

for example, complex bottom topography, and are capable of transporting momentum, heat, 

mass, and chemical agents throughout the seawater (Chelton et al., 2007; Kourafalou & Kang, 

2012; Robinson, 1983). Submesoscale eddies are those whose size is typically less than 10-20 

km and their duration is on the order of hours to days (Ernst et al., 2023; Zhang & Qiu, 2020; 

Zhang et al., 2019).  Previous studies in the southeastern Florida shelf have shown the consistent 

presence of cyclonic, anticlockwise, eddies that are not wind or tide induced (Kourafalou & 

Kang, 2012; Lee, 1975; Zhang et al., 2019). These eddies are most likely formed through 

interactions between the FC and topography, or they have traveled northward and eastward from 

the original formation location at the exit of the Gulf of Mexico (Kourafalou & Kang, 2012; 

Zhang et al., 2019). The counterclockwise rotation of these eddies is also important for 

upwelling events. As such, eddies are important not only to the general oceanic circulation, but 

they also play an important role as modulators for nutrient transportation and biological activity 
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(Chelton et al., 2007; Robinson, 1983). Due to a combination of the rotation of the eddies and the 

Coriolis force, water is pushed away from the center of rotation, which then must be replaced by 

deep, cold, nutrient-rich waters to maintain equilibrium causing these events (Zhang & Qiu, 

2020; Zhang et al., 2019). Additionally, in the southeastern Florida shelf, eddies are significantly 

important for the settlement and survival of coral reef fishes (Shulzitski et al., 2016; Sponaugle 

et al., 2005; Yeung et al., 2001). Depending on their scale, eddies can either be affected or affect 

the general circulation of the FC. It is therefore important to understand how eddy activity varies 

in both space and time to more accurately assess their effects on coastal circulation of the 

southeastern Florida shelf. 

II. The Southward Flow 

The Southward Flow (SWF) on the Miami Terrace was previously reported by Soloviev et al. 

(2017), as shown in Figure 2. It was described as an intermittent flow attached to the continental 

slope of the southeastern Florida Shelf in the form of either an undercurrent or a countercurrent. 

Other studies also had sporadic observations of this SWF, but Soloviev et al. (2017) was the first 

attempt to obtain detailed observations on this specific flow on the western flank of the 

southeastern Florida Shelf (Duing & Johnson, 1971; Gardner et al., 1989; Leaman & Molinari, 

1987; Soloviev et al., 2017). Their study reported observations of the SWF in 3 distinct forms: as 

a seasonally dependent countercurrent, as an undercurrent attached to the continental slope, and 

as an intermittent undercurrent on the Miami Terrace. The SWF was found to vary seasonally in 

strength and location, while the exact mechanisms that drive its behavior are still unknown. 

Differences in speed, path, stratification, and depth between the SWF and the overlying FC due 

to seasonal variations might also have implications for turbulent mixing and zooplankton 

recruitment (Carr et al., 2008). The SWF has been observed to take the characteristics of an 

undercurrent during the summer and a countercurrent during the winter (Soloviev et al. 2017). 

To attempt to obtain detailed measurements of this flow’s current strength, meandering, and 

impacts on other processes, different oceanographic instruments become important research 

tools. 
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Figure 2. Schematic of the SWF (yellow) attached to the continental slope of the southeastern 

Florida shelf. The northwards flowing Florida Current (purple) is also shown for comparison 

(Credit Soloviev et al., 2017). 

III. Oceanographic Instruments 

i. Autonomous Underwater Vehicles (AUVs): The Glider and the Wirewalker 

Autonomous Underwater Vehicles (AUVs) are robotic instruments used for their extensive 

applications for scientific research purposes, and a wide variety of other practical or theoretical 

fields (Gafurov & Klochkov, 2015; Sahoo et al., 2019). These instruments are unmanned and are 

preprogrammed to operate independently of the vessel from which they were deployed in time 

spans from several hours to weeks or months (Huvenne et al., 2017; Wynn et al., 2014). Their 

independence and lack of need to be tethered to a surface station therefore provides opportunities 

and accessibility to previously inaccessible parts of the ocean. AUVs have been used to explore 

oceanic environments ever since their creation in the late 1950s (Gafurov & Klochkov, 2015; 

Sahoo et al., 2019). Due to their ability of carrying a variety of sensor payloads, AUVs have a 

corresponding wide array of applications (Wynn et al., 2014). Some of their scientific 



5 

 

applications include, but are not limited to seafloor mapping, biological studies, geological and 

archaeological surveys, environmental monitoring, analyzing current environments, etc. (Sahoo 

et al., 2019). Their structural design has been classically inspired by submarines to resemble 

torpedoes, although many variations have been developed. Additionally, most, if not all, AUVs 

also depend on propulsion systems for effective underwater navigation.  

Although AUVs are useful tools for scientific research, they also suffer from some 

limitations. For example, the lack of a physical tether to a surface or land-based station means 

they require an onboard power source not only for movement, but also for the equipped sensors 

(Huvenne et al., 2017). Untethered underwater communications also provide a challenge, since it 

means communicating with the AUV requires the instrument to either breach the surface or 

remain in the vicinity of the surface boat (Sahoo et al., 2019). While AUVs are a good 

instrument for acquiring sensor data along large spatial and temporal scales, their ROV 

counterparts (remotely operated underwater vehicles), which are tethered to a surface boat or 

land-based station, are better suited for precise, high-resolution, and highly detailed work 

(Huvenne et al., 2017; Ludvigsen et al., 2014). The use of either AUVs or ROVs for any given 

application should be assessed on a case-by-case basis. For the purpose of this study, two 

different types of AUVs were used: a glider and a Wirewalker. 

Underwater gliders were developed as a result from a rising need for AUVs to remain 

underwater for extended periods of time for either scientific or military purposes (Gafurov & 

Klochkov, 2015). Gliders are torpedo shaped, with two wings on their side to maximize lift and a 

rear rudder to control turning movement (Gafurov & Klochkov, 2015; Javaid et al., 2014; 

Rudnick, 2016). Glider profiling occurs in a “saw-tooth” like pattern through a change in 

buoyancy of the instrument that drives it up or down the water column as needed (Gafurov & 

Klochkov, 2015). The buoyancy change is achieved by the pumping of oil into and out of an 

internal bladder to an external one, thus changing vehicle volume but keeping mass constant, 

affecting the overall buoyancy and pitch (Gafurov & Klochkov, 2015; Javaid et al., 2014; 

Rudnick, 2016). For this study, a Slocum G3 glider was used, as shown in Figure 3, and an 

example of a typical glider profiling trajectory is shown by Figure 4. Due to the high-current-

activity nature of our study area, our glider also uses a propulsion system with a propeller 

mounted at its rear to allow for proper navigation and minimize risk of instrument loss.  



6 

 

 

Figure 3. The Slocum G3 glider owned by NSU’s Physical Oceanography Laboratory and used 

for this study’s deployments. 

 

Figure 4. An example of a typical glider profiling track. While at the surface, the glider can 

communicate with the pilot to receive new coordinates if necessary, and so adjust the path of the 

next dive (Credit Zhang et al., 2020). 

The Wirewalker is a different type of AUV. It functions as a profiling platform to which 

several recording instruments may be attached to obtain different types of measurements 

throughout the water column (Pinkel et al., 2011). The system itself is comprised of a surface 
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buoy to which a wire with a mechanical stop at both ends is attached and held down by 

counterweights at depth, as shown in Figure 5 (Pinkel et al., 2011; Rainville & Pinkel, 2001). 

There are two modes for this system: free drifting, where the system is not physically attached to 

a single location, or anchored, where the counterweights are connected to a seafloor anchor to 

prevent the system from drifting away (Pinkel et al., 2011). In this study an anchored system is 

used. The system works by taking advantage of the difference in vertical motion between surface 

waters and water at depth, and uses wave energy to move the platform downward along a wire 

(Pinkel et al., 2011; Smith et al., 2011). The Wirewalker is positively buoyant and tends to float 

to the surface, but an internal one-way cam lock mechanism prevents it from moving up the wire 

until the lock is released (Pinkel et al., 2011; Rainville & Pinkel, 2001). As waves pass by the 

system and the buoy is lifted the Wirewalker slides down the wire, and once the buoy is returned 

to its initial position the Wirewalker remains fixed to its relative position on the wire, moving 

slightly downwards with each passing wave (Pinkel et al., 2011). Once the Wirewalker reaches 

the bottom, a mechanical stop causes the cam lock to release, allowing the platform to freely 

float to the surface while taking precise samplings throughout the water column (Pinkel et al., 

2011; Rainville & Pinkel, 2001; Smith et al., 2011). Once it reaches the surface, another 

mechanical stop reactivates the cam lock, and the process is then repeated. This entire process 

can be visualized in Figure 6. The operational life of the instrument is dependent on both energy 

availability and material durability, but it can take continuous measurements for up to months at 

a time (Pinkel et al., 2011). Figure 7 shows our Wirewalker platform in action. 
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Figure 5. The Wirewalker system visualized. This is the standard system provided by Del Mar 

Oceanographic. Additionally, the system used in this study attached the down-weights to a 

concrete anchor to prevent it from floating away (Credit Del Mar Oceanographic, LLC). 
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Figure 6. Schematic of how the Wirewalker uses surface wave energy to move downwards 

along the profiling wire (Credit Del Mar Oceanographic, LLC). 

 

Figure 7. Our Wirewalker free-floating during a deployment. 
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ii. Sensors 

Both the glider and the Wirewalker were fitted with an acoustic Doppler current profiler 

(ADCP) to obtain measurements of eastern and northern current velocity components. The 

ADCP works by using the principle of the Doppler Effect (Brumley et al. 1991). It measures 

shifts in frequency from when a sound wave “ping” is sent out and when it’s echoed back to 

estimate current speed and direction in 3D space. ADCPs have been extensively used in the 

ocean to obtain current velocity measurements since the 1980s, and since then multiple advances 

in the area have been implemented to improve the device’s accuracy and expand its functionality 

(Brumley et al., 1991; Gradone et al., 2021; Gotvald & Oberg, 2009; Ordonez et al., 2012; 

Pettigrew & Irish, 1983; Todd et al., 2017; Zheng et al., 2022).  

Both instruments are also fitted with a Conductivity, Temperature, and Depth (CTD) sensor. 

The CTD allows us to obtain direct measurements of conductivity, temperature, and hydrostatic 

pressure, from which we can calculate salinity, density, and depth of the instrument at each time 

step (Brown & Morrison, 1978; Fofonoff & Millard 1983; Millero & Poisson 1981). CTDs are 

useful for providing accurate measurements of physical parameters of the ocean and have been 

widely used in oceanographic settings since the early 1970s (Brown, 1974; Brown & Morrison, 

1978).  

The glider is also fitted with optics channel sensors, which allow for the direct measurements 

of backscatter, colored dissolved organic matter (CDOM), and chlorophyll. These three 

parameters may serve as indicators of nutrient transport and presence or absence of biological 

activity. While the Wirewalker’s ADCP can provide backscatter counts, we did not use these due 

to their poor accuracy when compared to the reliability of the glider’s specialized sensors. 

4. Statement of Purpose 

The main objective of this project was to assess the changes in the activity of the SWF on the 

continental slope as the year progressed. I hope to find evidence that will help establish the 

spatiotemporal scales in which the SWF operates. I also hope to find how the SWF might affect 

the vertical distribution of particulates and biological material in the water column. I expect to 

observe an increase in coastal eddy activity whenever the SWF is present due to increased shear 

between itself and the FC, as previously hypothesized by Dr. Richard Dodge (Soloviev et al., 
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2017). Finally, I also expect the SWF to significantly increase turbulent mixing and the 

southwards transport of cold, deep, nutrient-rich waters, possibly influencing or promoting 

upwelling events. Understanding the SWF variability and presence through time can provide 

insights into its own origin, other oceanic features’ effects on its variability, possible turbulent 

mixing between itself and the overlying FC, and the mechanisms driving the observed patterns of 

ocean circulation. The comparison of the datasets from our different glider deployments 

throughout 2022 and 2023 could help provide an updated basis for the study of this SWF, its 

seasonal cycle, and its effects on other processes like the transport of nutrients, biological 

material, and pollutants.  

5. Materials and Methods 

I. Deployment Site and Data Collection 

All glider deployments began roughly around the same area, 16 km north of the entrance to 

Port Everglades, Florida, and 8-12 km offshore, as pinpointed by the northern waypoint in Figure 

8. The glider is able to continuously record measurements throughout the entire duration of each 

deployment. Deployments require no diving, but costs for boat access, materials, and time are 

covered by the grant. Limitations to deployments are restricted to availability of staff trained in 

glider deployment and monitoring, availability of the boat, and weather-permitting conditions. 

The deployment track is variable and actively modified remotely by the pilot depending on 

testing sites of interest, testing necessities, current strength, and to protect the device from other 

external hazards. Tracks varied in shape, but the three main types used were a straight line, 

snake-like, and a circular pattern. Recovery of the glider occurs when oceanic conditions allow, 

but deployments are planned for durations of roughly 24-48 hrs each. The ADCP mounted on the 

glider is a Teledyne RDI Explorer DVL set up at its default acoustic frequency of 614 kHz and 

sampling at 0.39 Hz. The ADCP is located on the bottom of the glider and is slanted forwards so 

that when the glider is diving the ADCP is directly facing the seafloor. The CTD mounted on the 

glider is a Sea-Bird Scientific Slocum Glider payload CTD sampling continuously at 1 Hz. It is 

located on the side of the glider. The location of these instruments and the propeller on the glider 

can be seen on Figure 9. 
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Figure 8. Map of glider and Wirewalker approximate deployment locations. The two waypoints 

inside the red rectangle are the approximate locations where the glider was deployed during the 

2022-2023 missions (northern waypoint), and the Wirewalker was deployed during the one 

intercalibration mission (southern waypoint). For the deployment where both the glider and 

Wirewalker were deployed, the glider constantly travelled between these two waypoints while 

the Wirewalker was fixed to the southern waypoint. The red square is the location of NSU’s 

Halmos College of Arts and Sciences. 



13 

 

 

Figure 9. The Slocum G3 glider with its instruments and propeller highlighted. Circled in red is 

the ADCP, circled in green is the CTD, and circled in orange is the propeller (Credit IKM 3D 

Animation Services). 

Wirewalker deployments are always exactly in the same position, wherever the system is 

anchored. For the glider comparison, the system is located roughly 2 miles South of where the 

glider deployments usually begin, at the southern waypoint in Figure 8. Deployment of the 

Wirewalker requires diving and boat access. Limitations to deployments are restricted to 

availability of staff trained in Wirewalker deployment, staff with diver certifications, availability 

of the boat, and weather-permitting conditions. All costs for the deployment are covered by the 

grant. Deployments don’t have to be continuously monitored due to the platform’s ability to 

function exclusively with the use of wave energy and battery packs to allow for continuous 

measurements. Wirewalker deployments usually last around 1 week, but it can stay out in the 

field for months at a time. While the glider was deployed multiple times throughout 2022 and 

2023, the Wirewalker was deployed a single time during June of 2022. For the comparison, and 

due to disastrous complications with the surface buoy, we are only able to use a 6-hour period for 

which we have data available for both the glider and Wirewalker. The ADCP mounted on the 
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Wirewalker is a Nortek Signature1000 set up at a frequency of 1229 kHz and in a 5-beam burst 

mode at a sampling frequency of 8 Hz. It is attached to the side of the platform and its central 

beam is pointing outwards horizontally. The CTD mounted on the Wirewalker is an 

RBRconcerto working at a sampling frequency of 6 Hz. The CTD is attached to the other side of 

the Wirewalker, but it’s located within the casing of the platform. The platform and its 

instruments are shown in Figure 10. 

 

Figure 10. The Wirewalker platform and its instruments. Circled in red is the ADCP, and circled 

in green is the CTD (Zheng et al., 2022). 

II. Platform Motion-Correction for Velocities 

All data obtained from the ADCP and CTD are processed and plotted using Matlab. To 

correct for vehicle motion, glider velocity measurements were put through Thurnherr et al’s 

(2015) Lowered Acoustic Doppler Current Profiler (LADCP) shear method procedure. This 

methodology provides profiles for both ADCP and bottom tracking velocities. The motion 

corrected ADCP profiles, now known as LADCP profiles, are calculated by taking into account 

the movement of the platform and direction the ADCP is pointing. The bottom tracking 
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measurements are obtained by the ADCP’s ability to sense the seafloor to use as a reference for 

velocity estimates (Thurnherr et al., 2015). Bottom tracking profiles are only outputted for the 

first half of each dive, when the nose of the glider is pointing down and the ADCP is pointing 

directly at the seafloor. LADCP profiles are corrected to match bottom tracking profiles using a 

least squares fitting framework, providing accurate measurements throughout the entire water 

column. An example of how this looks on a plot is provided in Figure 11. 

 

Figure 11. Example profile of one dive from the glider June 10 – 13, 2023 deployment. The 

LADCP procedure automatically matches the East and North components of the LADCP 

velocities, represented by the red and blue profiles, to the bottom tracking components observed 

by the ADCP, represented by the green and black profiles. 

Wirewalker velocity measurements do not have a standardized procedure to correct for 

motion. Therefore, for every upcast and downcast pair the tilt associated with the cable of the 

system was calculated and components of North and East tilt were used to correct raw velocity 

measurements from the ADCP. By doing so, we are able to account for any noise in the 

measurements due to movement of the platform and tilt of the system due to high current. To 

keep it consistent with the glider profiles, Wirewalker velocities were also averaged every 5 m in 

the vertical direction. Figure 12 shows an example for a comparison between non-corrected and 

corrected profiles. 
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Figure 12. Example of non-corrected and corrected Wirewalker current velocity components 

for one of the upcasts. Raw East and North, the red and blue profiles, are without the motion and 

tilt correction. East and North correction, the green and black profiles, have already been motion 

and tilt corrected. 

III. Data Processing and Analysis 

i. ADCP Measurements 

The glider LADCP procedure averages velocities every 5 m in the vertical direction by 

default, and that’s the resolution used when plotting and analyzing all deployments. Given that 

the glider’s ADCP is located below the vehicle, the LADCP profiles of velocity begin at the 

second depth bin (10 m depth). Not all dives provided accurate measurements. For some dive 

files, the methodology could not create bottom tracking profiles, resulting in erroneous LADCP 

velocity components. For those files, if the time range was small enough in comparison to the 

overall deployment time, data were interpolated in between to smooth the color contours. If the 

time between files where the blank zone was present was too large (i.e., more than an hour), then 

that section was left blank. The current direction was then calculated from the strength of the 

eastern and northern velocity components. For each individual glider dive, a plot of their 



17 

 

velocities was created for quality checking and backup purposes. Once done, all dives from their 

respective deployments were plotted together as a color contour to see changes through both time 

and space. Contours were created for bottom tracking East and North velocity components, 

LADCP East and North velocity components, and bottom tracking and LADCP current 

directions. To look for the presence of the SWF, current direction was analyzed, to look at 

current strength LADCP components were analyzed, and to quality check LADCP contours the 

bottom tracking components were analyzed.  

As mentioned before, Wirewalker ADCP measurements were only available for a 6 hour 

period. For that dataset, only the upcasts were considered and color contours for the North and 

East velocity components were created to be compared against the glider dataset corresponding 

to the same time period. The reason only the upcasts were used is that when the platform is 

moving down the wire during the downcasts, it bounces up and down continuously which can 

create a lot of noise and alter results to reflect artificial current measurements. On the other hand, 

while the platform is free floating upwards during the upcasts, measurements are taken 

continuously without outside interference from the cam lock mechanism and minimizes the risk 

of tarnished results.  

ii. CTD Measurements 

The glider CTD provides measurements of temperature (°C), hydrostatic pressure (bars), and 

conductivity (conductivity ratio, unit-less), from which depth (m), salinity (PSU), and density 

(kg/m3) are calculated. CTD measurements were averaged in the vertical direction every 0.25 m 

to create individual plots for each dive and overall contours for each deployment. For individual 

plots, averaging only occurs on the vertical direction. However, for the color contours, downcast 

and upcast measurements are averaged for each depth bin resulting in a single profile per dive to 

allow for interpolation. Wirewalker CTD measurements are similar to the ones provided by the 

glider CTD, and they are averaged every 0.25 m in the vertical direction and between each 

upcast and downcast pairs as well. 

iii. Validation of Velocity Measurements 

For the deployment where we had available data for both the glider and the Wirewalker, the 

glider constantly travelled between the two waypoints presented in Figure 8, while the 

Wirewalker was fixed to the southern waypoint. At their closest, the instruments were 
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approximately 100 m apart, at their farthest they were close to 2 km apart. For the 

intercalibration of the instruments, it is necessary to confirm that although the devices are not 

exactly together, they are still taking measurements of the same bodies of water. CTD 

measurements of temperature, salinity, and density can be used to confirm this. Therefore, both 

instruments’ CTD and ADCP contours were compared side-by-side visually to assess the validity 

of CTD measurements and coherence between the velocity contours. Measurements of the same 

parameters were also compared through a Pearson correlation analysis to assess the strength of 

their association. 

iv. Optics Figures 

Optics channel measurements for the glider were processed similarly as the CTD 

measurements. The optics channel provides measurements of backscatter (no dimensions), 

colored dissolved organic matter (parts per billion, ppb), and chlorophyll (μg/L). Measurements 

were continuous throughout the entire deployment and, similar to the CTD, they were 

independent of ADCP measurements. Optics channel measurements were also averaged in the 

vertical direction every 0.25 m to create individual plots for each dive and overall contours for 

each deployment. For single dives, averaging only occurred in the vertical direction, and for the 

entire deployments’ color contours, downcast and upcast measurements are averaged for each 

depth bin resulting in a single profile per dive to allow for interpolation. Optical figures were 

then compared to the glider’s CTD and velocity contours. 

v. 3D Figures 

For all glider deployments, the number of dives varies between tens to hundreds. By also 

using dive and surface GPS coordinates, these dives can be plotted along a 3D representation of 

current velocities through time and space. The combination of all the dives into the 3D structure 

plot provides the same contours created before, but now changes through space are apparent, 

including the glider’s pathing and distance from the shoreline. 3D plots were done for the 

northern component of current velocities to search for the presence of the SWF. 3D plots were 

also exclusive to glider deployments, as the glider is able to move freely through space, and due 

to the availability of multiple datasets throughout 2022 and 2023. 
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vi. Ruchardson Number 

The Richardson number, Ri, is a dimensionless number that represents the ratio of the 

buoyancy term, the buoyant suppression of turbulence, to the shear term, the shear generation of 

turbulence. The number can be calculated as: 
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where g is the gravitational acceleration, ρ is the density, z is the depth, and u and v are the 

horizontal velocity components. The Richardson number serves as an indicator for turbulence 

and mixing potential. Richardson number calculations were done using CTD-averaged 

measurements and LADCP-corrected measurements of velocity. CTD measurements were 

averaged in the vertical direction every 5 m to match velocity profiles, and Richardson number 

outputs were obtained for LADCP profiles of the glider deployments. Values below the chosen 

theoretical critical value of 0.3 signal intense turbulent mixing in the water column. No 

Richardson calculations have been done for the Wirewalker so far. 

vii. Statistical Analyses 

Pearson correlation coefficients (R) were obtained for several comparisons between variables 

to assess the strength of a linear relationship between them. First, the correlation coefficients for 

the temperatures, salinities, densities, and North velocities from the Wirewalker and the glider 

were calculated to aid in the validation of the intercalibration of the devices. CTD measurements 

from both instruments, and ADCP velocities from the Wirewalker, were averaged in the vertical 

to have matching depth bins with the glider. Glider velocities were then interpolated to match the 

Wirewalker, since it had more dives within the same amount of time. Second, correlation 

coefficients for all glider deployments were obtained for 5 distinct scenarios: all deployments, 

deployments where the southward flow was absent, when it was present, when it showed as an 

undercurrent, and when it showed as a countercurrent. This was done in order to determine if 

there were any significant relationships between variables of interest that might indicate the 

possibility of the presence of conditions that would allow upwelling events to occur, and if the 

SWF might have any association with the distribution of particulates and biological material. 
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6. Results 

I. Current Velocities and Direction 
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Figure 13. Google Earth view of all the available glider deployment tracks. Deployments began 

offshore of Fort Lauderdale, 16 km north of the entrance to Port Everglades, Florida, and 8-12 

km offshore. Style of track chosen for each deployment varied for either data collection or 

testing purposes. 

Figure 13 shows a Google Earth view with all the deployment tracks that were done for this 

project. As shown, deployments began and mostly kept in the close vicinity of each other’s 

tracks. All deployments started offshore of Fort Lauderdale, close to Port Everglades, and most 

were kept within the range limit of Pompano Beach. However, there were a few exceptions, with 

some continuing all the way north to Stuart, and one even reaching Melbourne. In such cases, the 

northern flow of the FC was too strong for the glider’s propulsion system to overcome and be 

able to turn around, so the laboratory’s crew was forced to travel north for retrieval of the 

instrument. The style of the track (straight line, circular, zig-zag, etc.) chosen for each 

deployment was dependent on weather conditions and the purpose of each deployment (data 

collection or testing purposes). In total, 23 different deployments are available for analysis, most 

lasting 1 to 2 days and a few lasting up to 3 days. All deployments have available ADCP, CTD, 

and optics channel data. 

For simplicity, it is important to note that all of the color contours that will be shown follow 

the same structure. This is not restricted to the ADCP measurements, but includes the CTD and 

optics channel contours as well. Therefore, in the color contours the y-axis represents depth, the 

x-axis represents time, and the color bar and shading of the figure represents actual measurement 

values for the variable in consideration. Apart from current direction, all other contours are 

interpolated between values to smooth the plot for easier visualization. Other example figures 

that are not shown in the text but were still used for the analysis will be available in the 

appendices. 

Overall results from the velocity contours show the intermittent presence of the SWF varying 

significantly in strength over time and distance from the shore. The northern component of the 

SWF was predominantly between -0.1 and -0.3 m/s, sometimes reaching -0.5 m/s, while the 

northern component of the FC was between 0.5 and 1.4 m/s, sometimes even reaching 2 m/s. 

Figure 14 provides different examples of deployments that occurred throughout the different 

seasons of 2022. The contours shown are for current direction and speed in the northern 

direction. Given that the glider was not measuring at a single location, but rather moving across 
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and along the shelf, the resulting color contours have a variable seafloor that changes according 

to where the individual dives took place. The seafloor is represented as a limit by the white 

background. If the glider was far away from the shore, the water column was deeper and less 

empty space was visible in the contour (white background), if the glider was close to the shore, 

the water column was shallower and there was more visible empty space. Therefore, as time 

advanced it is notable how the seafloor depth also changed as the glider moved towards and 

away from the coast. Additionally, the glider does not have velocity data for the top two depth 

bins corresponding to values at 0 m and 5 m due to the ADCP being on the bottom of the 

instrument and could therefore not record values at those depths. This applies to all available 

glider deployments. 
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Figure 14. Examples of LADCP contours for current direction, left column, and north 

component of velocity, right column. Current direction was calculated from east and north 

components of current velocity. Note that depth changes as time advances (white background). 

This is due to the glider moving across and along the shelf. Shallower depths represent dives 

when the glider was close to the shore, while deeper depths represent when the glider was 

offshore. Values of direction go from -180° to 180°, with ±180° being absolute SWF (dark blue), 

and 0° being absolute northward flow (dark red). Values for northern velocity go from -0.8 m/s 

(dark blue) to 1.4 m/s (dark red), with 0 m/s represented by a light cyan coloring, with positive 

values (warmer colors) representing the northward flow and negative values (colder colors) 

representing the SWF. Each contour pair (i.e. each row) represents a different deployment 

throughout the 2022 seasons. As such, the 14A and 14B deployment occurred during the spring, 

the 14C and 14D deployment occurred during the summer, the 14E and 14F deployment 

occurred during the fall, and the 14G and 14H deployment occurred during the winter. 

14A and 14B show a clear appearance of the SWF as a countercurrent, as the blue coloring in 

the current direction contour spans the entire water column for a significant portion of time. The 

FC is also visible by the end of the contour. This deployment occurred during the spring season 

of 2022. 14C and 14D show the SWF as an undercurrent during the first half of the deployment, 

before disappearing completely during the second half. This was during the summer season of 

2022. 14E and 14F show the SWF as both an undercurrent and momentarily as a countercurrent 

as time advanced. This took place during the fall season of 2022. Finally, 14G and 14H show the 

SWF as an undercurrent and a dominant countercurrent during a deployment in the winter season 

of 2022. These 4 cases represent good examples of how the SWF was observed to change 

throughout the year, but they are not all of the cases taken into consideration. Some examples 

include deployments when the SWF would be completely absent and only northward flow was 

observed, deployments when the SWF was observed to be restricted to the coast only, or 

deployments were the SWF was observed to meander. Additionally, some deployments included 

corrupted data due to a malfunction of the instruments. That data were not processed alongside 

the rest so blank zones appear in the contours. For other example LADCP contours from each 

deployment, please refer to Appendix A. 
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II. CTD Measurements 

 

Figure 15. Example CTD color contours for two different deployments. Contours on the left 

column (15A, 15B, and 15C) correspond to a deployment that occurred during the summer 

season of 2022. Contours on the right column (15D, 15E, and 15F) correspond to a deployment 

that occurred during the winter season of 2022.  

Figure 15 presents an example of CTD contours from two different deployments that took 

place during the summer and winter seasons of 2022. The left column represents the contours 

from a deployment that occurred during the summer season of 2022, and the right column the 
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contours from a deployment that occurred during the winter season of 2022. Similar to the 

velocity contours, the depth varied as time went by due to the glider navigating towards and 

away from the coast during the deployments. Additionally, some CTD contours have some white 

boxes of missing data. In Figure 15 above this is visible at 20:00 on August 18th, at 13:00 and 

14:00 on August 19th, and between 3:00-4:00 on December 9th. These example contours are a 

good representation of how the contours for each of these parameters look like for all 

deployments, but they are not necessarily quantitatively similar. To view other example CTD 

contours for deployments please refer to Appendix B. 

Overall, surface waters were around 3-5°C colder during the periods closer to winter, while 

temperatures in deep waters decreased between 1-2°C. Surface salinities seemed to have slightly 

increased by about 0.2-0.3 PSU during the winter period when compared against the summer and 

fall period, and deep water salinities also seemed to have increased by about the same amount. 

Surface densities increased by 1-2 kg/m3 during the winter period, while deep water densities 

remained relatively similar throughout the year. By looking at the temperature and density 

contours of the deployments, the mixed layer depth seemed to be present at around 60-80 m 

during the summer and between 100-140 m during the winter. The salinity maximum for most 

deployments does not occur at the seafloor, but rather at a point halfway to 2/3rds of the way to 

the seafloor from the sea surface. The data summarizing the CTD results is shown in Table E.1. 

Table E.1 shows minimum, maximum, and average values of the temperature, salinity, and 

density measurements at the surface layer (top 20 m) and at the bottom layer (bottom 20 m) of 

each deployment. Table E.2 shows averages of surface and bottom parameters by season. 
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III. Intercalibration of Instrumentation 

For the available Wirewalker deployment, a comparison between CTD measurements and 

LADCP calculated components of velocities of the Wirewalker and the glider was done. The 

comparison was made visually using the contours of Figure 16 and Figure 17, and also 

statistically by using Pearson correlation coefficients for all available variables. Units for the 

parameters are the same as the ones specified in the sections above. Note that since the 

Wirewalker is only moving in the vertical direction, the seafloor does not change significantly as 

time advances. However, since the glider is moving between two waypoints, the seafloor varies 

and so the white background is not constant.  

Contours from the CTDs of both instruments show an anomaly at the sea surface consisting 

of a less salty and less dense body of water. Measurements from all three CTD parameters 

appear to be coherent between both instruments, with similar stratification and strength of color 

at similar times and places in the water column. Temperature maximum recorded by both 

instruments is around 28°C at the sea surface, and a minimum of about 15°C near the seafloor. 

Salinity maximums are around 36.3 PSU at 80 m depths, and a minimum of 35.4 at the sea 

surface. Density maximum was around 1027 kg/m3 at the seafloor, and a minimum of about 

1022.5 kg/m3 at the sea surface. The mixed layer depth, estimated from the temperature and 

density contours, appears to be at a 40 m depth. Measurements of the components of velocity 

also show good coherence between instruments, after motion correction. The eastern component 

of velocity is harder to compare due to values being close to 0 throughout the entire deployment, 

but both instruments still showed similar patterns. The northern component of velocity shows a 

very similar features from both instruments. Above the 60 m depth layer, the northward flowing 

FC is evident at a maximum strength of about 0.6 m/s, while below that layer the SWF is present 

as an undercurrent with a maximum strength of about 0.5 m/s. 
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Figure 16. CTD measurement contours. Contours on the left column (16A, 16B, and 16C) are 

from the Wirewalker, while contours on the right column (16D, 16E, and 16F) are from the 

glider. The contours are from a deployment where both instruments were in the ocean at the 

same time and in the vicinity of each other. Note that the seafloor is variable in the glider 

contours due to navigation of the instrument between two waypoints, while it is relatively 

constant in the Wirewalker contours due to its movement being restricted to the vertical direction 

only. 
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Figure 17. Contours of the components of velocities for the Wirewalker (17A and 17B) and the 

glider (17C and 17D).  

All Pearson correlation coefficients for the comparison between both instruments’ CTD 

measurements and velocity components were significant (i.e. p-values < 0.05). The R values 

calculated were 0.995 for temperature, 0.873 for salinity, 0.995 for density, 0.953 for velocity 

north, and 0.410 for velocity east. 
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IV. Optical Measurements 

 

Figure 18. Example optical channels color contours for two different deployments. Contours on 

the left column (15A, 15B, and 15C) correspond to a deployment that occurred during the 

summer season of 2022. Contours on the right column (15D, 15E, and 15F) correspond to a 

deployment that occurred during the winter season of 2022.  

Figure 18 presents an example of the optical contours from two different deployments that 

took place during the summer and winter seasons of 2022. These are the same two example 

deployments seen in Figure 15. The left column represents the contours from a deployment that 
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occurred during the summer season of 2022, and the right column the contours from a 

deployment that occurred during the winter season of 2022. As observed in the CTD contours, 

the depth varied as time went by due to the glider navigating towards and away from the coast 

during the deployments. Again, and similarly to the CTD contours, there’s some white boxes of 

either missing data or outside interference that prevented the glider from moving further down 

the water column. These example contours are a good representation of how the contours for 

each of these parameters look like for all deployments, but they are not necessarily quantitatively 

similar. To view other example optical channel contours please refer to Appendix C. 

Overall, surface backscatter seemed to have decreased slightly as winter approached, while 

backscatter near the seafloor seemed to have increased slightly. Surface CDOM decreased by 

about 0.1 ppb during the winter, and then by about 0.2 ppb during the spring, while bottom 

CDOM seemed to have decreased by 0.05 ppb during the winter, and then decreased by 0.25 ppb 

during the spring. Surface chlorophyll levels decreased by about 0.2 μg/L during the winter, and 

quickly increased by 0.1 μg/L during the spring, while bottom chlorophyll levels decreased by 

0.05 μg/L during the winter, and increased by 0.05 μg/L during the spring. Important 

considerations to have include that surface backscatter might be high due to surface reflections or 

noise from the sea surface and chlorophyll maximums were usually not located at the sea 

surface, but at around 30-50 m depths. The data summarizing the optical channels results is 

shown in Table E.3. Table E.3 shows minimum, maximum, and average values of the 

backscatter, CDOM, and chlorophyll measurements at the surface layer (top 20 m) and at the 

bottom layer (bottom 20 m) of each deployment. Table E.4 shows averages of surface and 

bottom parameters by season. 
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V. 3D Figures and Eddies 

The 3D plots of north velocity are a representation of the 2D contours on 3D space to easily 

visualize changes in current magnitude and direction as time went by and the glider moved 

towards and away from the coast. Figure 19 shows three example plots for when the SWF was 

absent, present as an undercurrent, and present as both an undercurrent and a countercurrent. 

Most of the contours include vectors of current direction for the 20 m depth bin. The 3 contours 

in Figure 19 are shown as examples of how different variations of the plots may appear, but they 

are not all necessarily similar, nor are they the only ones taken into consideration for analysis. 

Other 3D figures include variations in the glider tracking/pathing across and along the shelf, 

varying strengths of current velocities, and latitude ranges. To look at other example 3D figures 

please refer to the Appendix A.  
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Figure 19. Examples of different 3D plots. Contours 19A and 19B correspond to a deployment 

that occurred during the summer of 2022 and the SWF was missing. Contours 19C and 19D 

correspond to a deployment that occurred during fall of 2022 and the SWF was present as an 

undercurrent. Contours 19E and 19F correspond to a deployment that occurred during the winter 

of 2022 and the SWF was present as an undercurrent at first, and then as a countercurrent. The 

plots on the right column are the same as the contours on the left column, but plotted with glider 

tracking as well to facilitate the visualization of movement across and along the shelf. Local 

bottom topography is also included. Vectors in these plots are for the 20 m depth bin. 
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For some of the deployments whenever the SWF was present, the vector plots revealed the 

appearance of eddy-like features in the form of a counterclockwise rotation of the vectors, as 

shown in the example in Figure 20. This rotation seemed to be restricted to the continental slope, 

and appeared only close to the coast. The rotation of the vectors was only visible whenever the 

SWF was present, but it was not restricted to its appearance as either an undercurrent or a 

countercurrent. 

 

Figure 20. Velocity contour for the northern component of the current throughout time and 

depth and a vector plot showing overall current direction. Vectors provided for the 20 m depth 

bin. Contour is for glider deployment that occurred on 10-11 October 2022. 20B is a graphic 

highlighting the eddy-like feature observed from the vector plot in 20A. 
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VI. Turbulence 

Results from the Richardson number contours were inconclusive at best. For all deployments, 

the Richardson number (Ri) was calculated at every available depth bin and their arctangent was 

plotted. The arctangent was plotted to keep the Ri below 1.6. The Richardson number color 

contours used for analysis were modified so that only critical values were plotted. The critical 

value chosen was 0.3, and as such only depth bins were the Ri was below 0.3 are visible, as seen 

in Figure 21. The figure shows the three same example deployments used in Figure 19. These are 

shown as examples of how different variations of the plots may appear, but they are not all 

necessarily similar, nor are they the only ones taken into consideration for analysis. To look at 

other example Richardson number contours please refer to the Appendix D.  
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Figure 21. Example of Richardson number contours from the 3 deployments presented in Figure 

19. Contours 19A and 19B correspond to a deployment that occurred during the summer of 2022 

and the SWF was missing. Contours 19C and 19D correspond to a deployment that occurred 

during fall of 2022 and the SWF was present as an undercurrent. Contours 19E and 19F 

correspond to a deployment that occurred during the winter of 2022 and the SWF was present as 

an undercurrent at first, and then as a countercurrent. The contours on the right only portray 

Richardson numbers that were below the critical value of 0.3 to easily visualize where critical 

values were reached and overturning of the water column occurred. 
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Overall, Richardson numbers were expected to reach critical values at three places: the sea 

surface, the near-bottom layer, and the interface between the northward flowing FC and the 

SWF. However, no visible pattern was consistent across all deployments. Critical values at the 

sea surface were observed in most cases when the FC or the SWF reached high velocities, but 

that was not always true. Critical values near the seafloor were also observed in similar 

situations, but were much scarcer than at the sea surface. Critical values at the interface 

happened for some deployments, but not for others, and no relationship with current velocities 

was discernible. Finally, for all deployments there were also a scarce scattering of seemingly 

random critical values at various depth bins, and no relationship was visible between them and 

the velocity field. 

VII. Upwelling 

Analysis of velocities, temperature, depth, colored dissolved organic matter (CDOM), and 

chlorophyll occurred in the form of visual assessment and correlation analysis with the northern 

velocity. Pearson correlation coefficients were obtained for 5 distinct scenarios: all deployments, 

deployments where the southward flow was absent, all when it was present, when it showed as 

an undercurrent, and when it showed as a countercurrent. Table 1 shows the correlation 

coefficients, R, and their p-values for a 95% confidence test for all of these comparisons. 

Table 1. Correlation analysis results for the detection of possible upwelling. 5 different scenarios 

are taken into consideration and color coded: data from all deployments (blue), data from 

deployments where the southward flow was minimal or completely absent (green), data from 

deployments where the southward flow was prominent as either an undercurrent or a 

countercurrent (orange), data from deployments where the southward flow appeared as an 

undercurrent (red), and data from deployments where the southward flow appeared as a 

countercurrent (purple). Variable 1 is represented by north velocity in all 5 different scenarios, 

variable 2 is each different variable it was tested against for all 5 different scenarios. 

Variable 1 Variable 2 Correlation 

Coefficient (R) 

p-value 

North Velocity (all) Temperature (all) 0.44 < 0.01 

North Velocity (all) East Velocity (all) 0.32 < 0.01 

North Velocity (all) Depth (all) -0.39 < 0.01 

North Velocity (all) CDOM (all) -0.16 < 0.01 

North Velocity (all) Chlorophyll (all) 0.29 < 0.01 
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North Velocity (South 

flow minimal/absent) 

Temperature (South flow 

minimal/absent) 

0.49 < 0.01 

North Velocity (South 

flow minimal/absent) 

East Velocity (South 

flow minimal/absent) 

0.15 < 0.01 

North Velocity (South 

flow minimal/absent) 

Depth (South flow 

minimal/absent) 

-0.40 < 0.01 

North Velocity (South 

flow minimal/absent) 

CDOM (South flow 

minimal/absent) 

-0.06 < 0.01 

North Velocity (South 

flow minimal/absent) 

Chlorophyll (South flow 

minimal/absent) 

0.11 < 0.01 

North Velocity (South 

flow present) 

Temperature (South flow 

present) 

0.42 < 0.01 

North Velocity (South 

flow present) 

East Velocity (South 

flow present) 

0.36 < 0.01 

North Velocity (South 

flow present) 

Depth (South flow 

present) 

-0.38 < 0.01 

North Velocity (South 

flow present) 

CDOM (South flow 

present) 

-0.16 < 0.01 

North Velocity (South 

flow present) 

Chlorophyll (South flow 

present) 

0.29 < 0.01 

North Velocity (South 

flow as undercurrent) 

Temperature (South flow 

as undercurrent) 

0.55 < 0.01 

North Velocity (South 

flow as undercurrent) 

East Velocity (South 

flow as undercurrent) 

0.43 < 0.01 

North Velocity (South 

flow as undercurrent) 

Depth (South flow as 

undercurrent) 

-0.42 < 0.01 

North Velocity (South 

flow as undercurrent) 

CDOM (South flow as 

undercurrent) 

-0.03 < 0.01 

North Velocity (South 

flow as undercurrent) 

Chlorophyll (South flow 

as undercurrent) 

0.33 < 0.01 

North Velocity (South 

flow as countercurrent) 

Temperature (South flow 

as countercurrent) 

0.35 < 0.01 

North Velocity (South 

flow as countercurrent) 

East Velocity (South 

flow as countercurrent) 

0.29 < 0.01 

North Velocity (South 

flow as countercurrent) 

Depth (South flow as 

countercurrent) 

-0.36 < 0.01 
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North Velocity (South 

flow as countercurrent) 

CDOM (South flow as 

countercurrent) 

-0.25 < 0.01 

North Velocity (South 

flow as countercurrent) 

Chlorophyll (South flow 

as countercurrent) 

0.31 < 0.01 

7.  Discussion 

I. Intercalibration of Instruments 

Wirewalker and glider contours compare fairly well qualitatively. Water masses in the ocean 

are bodies of water that can be identified by a distinctive combination of temperature, salinity, 

and density ranges caused by localized climatic effects (Brittanica, 2015). In the case of this 

intercalibration, it was observed that the CTD contours of both instruments show incredible 

coherence across the entire water column. This shows that they are indeed measuring the same 

water mass, and allows for a comparison between velocity measurements. To further validate 

these results, the R coefficients from the correlation analysis are also taken into consideration. 

For all 3 CTD measurements, R values of above 0.8 were obtained, with p-values below the 

significance level of 0.05. Therefore, it can be stated that temperature, salinity, and density 

measurements from the glider are significantly strongly positively correlated to the temperature, 

salinity, and density measurements from the Wirewalker, respectively.  

In the case of the eastern and northern velocity, the contours compare fairly well 

qualitatively. However, while the northern component shows great coherence, the eastern 

velocity is harder to discern. R coefficients for the velocity north and velocity east are 0.953 and 

0.410, respectively, with p-values lower than the significance level of 0.05. Therefore, it can be 

stated that northern velocity measurements from the glider are significantly strongly positively 

correlated to the northern velocity measurements from the Wirewalker. It can also be stated that 

eastern velocity measurements from the glider are significantly moderately positively correlated 

to the eastern velocity measurements from the Wirewalker.  

An interesting feature tying the CTD and the velocity contours together is the presence of the 

mixed layer depth. As mentioned before, the presence of the SWF in its different forms is 

dependent on the seasonally varying strength of water column stratification. Surface temperature 

were observed to reach close to 28°C, while bottom temperatures remained at around 15°C. 

From the CTD contours, the mixed layer depth seems to be present at around the 40-60 m depth. 
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From the velocity contours, it is also visible that the SWF, as an undercurrent, is restricted to 

below the 60 m depth layer. This is most likely a cause of a strong temperature stratification, 

which restricts the SWF appearance to the depths. 

From the CTD contours, the only unexpected feature is the sea surface anomaly mentioned 

during the results. Due to the location of the instruments’ deployment, it is fair to assume that 

this surface anomaly is a results from coastal outflow coming from the nearby Port Everglades. 

Although not a certainty, this assumption seems to be a fair observation since the sea surface 

anomaly was also present during other glider deployments in the area. Figure 22 below shows 

the glider’s CTD and optical channels contours for the deployment used during the Wirewalker 

comparison side by side. When looking at the time period where the sea surface anomaly was 

observed, it is also clear how the optical channels reflect it as well. During those times, a drastic 

increase in backscatter, CDOM, and chlorophyll concentrations was observed. Therefore, the 

presence of this anomaly likely has implications for the transportation of pollutants, particulates, 

and biological material.  
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Figure 22. CTD and optical channels contours from the glider for the deployment used during 

the Wirewalker intercalibration. 

II. General Observations of the SWF 

Across all deployments, the northern velocity contours and the contours of velocity direction 

clearly show the presence of an intermittent SWF whose characteristics evolve with both time 

and space. The SWF was also observed in the 3 distinct forms previously described by Soloviev 

et al. (2017): as a seasonally dependent countercurrent, as an undercurrent attached to the 
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continental slope, and as an intermittent undercurrent on the Miami Terrace. We expected that 

the forms the SWF takes to be dependent on the strength of water column stratification. This 

could be due to the seasonal variability of strength of the water column stratification. During the 

summertime strong stratification would prevent the jet from surfacing (keeping it as an 

undercurrent), while during the wintertime the stratification weakens, and the jet can make it to 

the surface (as a countercurrent). In our observations, while it is true that the countercurrent 

appeared more frequently during the winter and spring seasons, it was not necessarily restricted 

to those only, as it made some appearances during the summer and fall seasons as well. This was 

also true for the undercurrent, as it also appeared during the winter and spring seasons but was 

more frequent during the summer and fall. In addition to seasonal variability, the SWF can also 

be affected by ocean eddies, tides, local climatic conditions, and the meandering of the FC, so 

multiple factors could have influenced the form the SWF takes. 

During the June-September deployments of 2022, the glider track was primarily of the snake-

like and straight-line types. Appearance of the SWF was highly time-dependent, since during this 

period it was not present in some deployments, and in others it seemed to meander within just a 

few hours. This could probably be due to an appearance of an eddy and perhaps other factors 

such as internal tides or the meandering of the FC (Soloviev et al, 2003). Additionally, the glider 

deployments provide only a snapshot-like window view of actual ocean processes, so processes 

occurring on longer timescales, which could affect the SWF, are not analyzable with the data at 

hand. The SWF was also more prominent as distance from the shore decreased. This is likely due 

to the influence of the FC, as its influence and strength seemed to increase with increasing 

distance from the shore, preventing the formation of the undercurrent. During this summer and 

early fall period, the undercurrent and intermittent undercurrent forms were the most observed 

forms of the SWF. In a few deployments the SWF was completely missing, suggesting either a 

meandering out from the continental slope or a complete lack of it. 

During the October-December deployments of 2022, the glider track was kept as a loop to 

find changes in the SWF through time at the same locations. During this period, the SWF 

behaved mostly as a countercurrent, but made appearances as an intermittent undercurrent. Like 

the June-September period, the SWF’s presence was mostly seen closer to the shore. Only during 

the second December deployment, December 13-14, was the countercurrent present further from 
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the shore. Even then, it was only present during part of the deployment since the loop track had 

shown northward flow just a few hours before in the vicinity. This, again, could indicate 

influences from the meandering of the FC, or a meandering of the SWF itself. 

During the January-September deployments of 2023, the glider track was primarily of the 

straight and loop types. This was done to both investigate its behavior further north and analyze 

changes through time and space at the same locations. During this period, several issues with the 

glider’s ADCP prevented some of the deployments to provide full contours. Both the January 

and February deployments were incomplete, and the SWF was only observed briefly as a 

countercurrent close to the coastline. The second March deployment and the June deployments 

showed the SWF as both a countercurrent close to the shore, and as an undercurrent as the glider 

moved away from the shore. The August and September deployments were incomplete, but the 

SWF was observed as an undercurrent only.  

Overall, deployment contours show the intermittent presence of the SWF varying 

significantly in strength over time and distance from the shore. Deployments occurred in the 

close vicinity of each other’s tracks, and variations in contours show the meandering behavior of 

the SWF into and out of the continental slope. This meandering occurred in the order of a few 

hours. Additionally, although no quantitative analysis has been done on the subject, qualitative 

analysis of the contours revealed that the strength of the FC seemed to affect the strength of the 

SWF, with increasing northward flow slowing down the SWF. The undercurrent form of the 

SWF appeared more prominently during the warmer months, but also appeared in some 

deployments during the colder months. Similarly, the countercurrent form of the SWF appeared 

more prominently during the colder months, but also appeared in some deployments during the 

warmer months. Local climatic variability is the most likely contributor to these anomalies, but 

other factors such as long-term oceanic variability, presence of mesoscale eddies, tidal 

variability, etc., could have contributed as well. Finally, appearance of the SWF as a 

countercurrent was mostly observed close to the shore, while appearance of the SWF as an 

undercurrent was observed as distance from the shore increased. This is most likely due to the 

influence of the FC, as it dominated offshore, and the Coriolis force, as it would push the 

undercurrent at depth towards the shore until it rose as a countercurrent. 
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III. Temperature, Salinity, and Density 

As expected, surface temperatures decreased during the colder months while temperatures in 

deep waters decreased by a smaller amount. The difference in the range of temperatures between 

the colder and warmer months is most likely a primary driving force for the form the SWF may 

take. When observed as an undercurrent, the SWF would be restricted to the depths below the 

mixed layer depth observed from the pycnocline. This was observed primarily during the 

summer months as sea surface temperatures were at a highest and stratification was at its 

strongest. As stratification strength decreases due to a smaller temperature range in the winter, 

the SWF is then able to move past the mixed layer depth and appear as a countercurrent spanning 

the entire water column. Similarly, and as expected, since water is denser as temperatures 

decrease the mixed layer depth also saw a deepening during the winter. Sea surface salinities 

slightly increased during the winter period, most likely due to the later summer period being a 

part of the local rainy season. However, it’s important to note that surface salinity increases due 

to lower amounts of rain is hard to understand. 

A trend appears after looking at all three contours of density, temperature, and salinity 

together. As expected, density increases and temperature decreases with increasing depth. 

Salinity, however, increases to a maximum at around halfway through the water column, before 

decreasing to a minimum close to the seafloor, in almost all the deployments. With this type of 

structure in salinity by itself, it would be expected that the water column would overturn due to 

instability, but the density contour shows a stable gradient throughout. This can be explained by 

the stabilizing effect of the temperature stratification. This temperature difference at the point of 

maximum salinity vs the point of minimum salinity in the same ensemble is almost constantly 

about 10-12°C, which could help explain how lower salinity, but colder water stays below the 

higher salinity but warmer water. This kind of feature is known to be common for coastal oceans, 

and no relationship between this salinity inversion and the SWF was found. 

A significant amount of deployments also showed the sea surface anomaly previously 

discussed during section I of the discussion. As mentioned before, this anomaly is most likely 

caused by the outflow of fresher waters from Port Everglades, which was near the glider’s 

deployment site. Nevertheless, this is hard to observe exclusively from CTD measurements, so 

the optical channels measurements are also taken into consideration in the section below. 
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IV. Transport of Particulates and Biological Material 

Backscatter counts seemed to peak at 3 different locations, varying by deployment: at the 

seafloor, at the layer of maximum chlorophyll concentrations, and at the sea surface. Both close 

to the seafloor and at the layer of maximum chlorophyll concentrations backscatter counts 

behaved as expected. Peaks close to the seafloor are likely caused by increased concentrations of 

particulate matter, sediment uplifting by benthic organisms, or could even be noise from 

reflections from the seafloor. Peaks at the layer of maximum chlorophyll are likely caused by the 

primary producing organisms and detritus from trophic interactions. Peaks at the sea surface are 

intermittent, but coincide for the most part with the sea surface anomaly observed from the CTD 

contours. It can therefore be said that Port Everglades is outflowing a significant amount of 

particulates onto coastal waters. This could have important implications as these particulates are 

not restricted to only biological material, but could also include, for example, pollutants. Another 

type of peak observed occurs when the glider was closer to the coast. Theoretically, mixing 

would be more intense at shallower depths, and so more sediment or particulates would be 

present in the water column which would drive backscatter counts up. This was expected and 

observed, however, no saturation conditions or measurements are available at this time. No 

relationship between the SWF and backscatter counts was observed. 

CDOM concentrations peaked at two different locations: at the seafloor and at the sea 

surface. It is important to note that CDOM concentrations were not restricted to the area just 

above the seafloor, but they were observed to extend up to 60-80 m above it. For this reason, 

there seemed to be a negligible to no strength of association between the SWF and CDOM 

concentrations. Although not observed exclusively in the depths that the undercurrent operates, 

CDOM concentrations do peak in that area and the depths above. Therefore, at least to some 

minor degree, CDOM is being transported southwards. How meaningful, large, and different this 

movement of CDOM is compared to the movement of CDOM by the FC cannot be currently 

understood, but should be investigated further. Similar to backscatter counts, CDOM 

concentrations also peaked when the glider was closer to the coast, which makes sense since 

waters close to the shore are typically very productive. Finally, CDOM concentrations also 

peaked at the sea surface at times when the anomaly previously mentioned was observed. These 

observations led us to conclude that Port Everglades is also outflowing a significant amount of 
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biological material, which could have severe implications for biological activity, and could even 

alter trophic interactions. 

Chlorophyll concentrations were observed to peak at two different locations: at a depth layer 

between 40-60 m depending on the deployment and at the sea surface. This 40-60 m depth layer 

of peak chlorophyll concentrations was observed to closely follow the depth of the start of the 

pycnocline across all deployments. As expected, a medium positive strength of association was 

observed between chlorophyll and the northern flow. Even as a countercurrent, it doesn’t seem 

that the SWF affects chlorophyll concentrations in any significant way. At the sea surface, 

chlorophyll concentrations were also observed to peak at deployments and times when the sea 

surface anomaly was observed. Therefore, the outflow from Port Everglades is either moving a 

significant amount of primary producers to the coastal ocean, or the nutrients, particulates, and 

biological material it is outflowing are directly affecting and increasing primary productivity. If 

unchecked, this type of sudden increase in productivity could lead to detrimental conditions, 

such as the sudden appearance of diatom blooms, hypoxic conditions, etc. 

Overall, it was observed that to a minor degree the SWF might be transporting particulates 

and biological material. This does not mean they originate from the SWF rather that they are 

coming from a source further north and are being transported southwards. With the available 

data so far, it is not possible how this transport could affect biological activity further south, 

more research is needed in this aspect. The SWF also did not seem to affect the transport of 

primary producers. This is most likely due to the depth layer at which primary producers were 

observed to peak at, which lies just above the pycnocline. Differences in this depth layer 

appeared to be unaffected by whether the SWF or the FC dominated, so there was no significant 

relationship observed between the SWF and chlorophyll concentrations. Finally, the outflow of 

fresher water from Port Everglades appears to be a significant source of particulates and 

biological material, which likely drives increased primary productivity at the surface layer. At 

this time, the beneficial or detrimental effects it might be having have not yet been studied. 

Nevertheless, both the SWF and the FC have been observed to actively transport this water, so 

the reach and potential to alter local trophic interactions is likely larger than previously thought. 



47 

 

V. Eddy Activity 

As shown in Figure 20, some deployments’ vector plots showed a counterclockwise rotation 

of the vectors. These patterns are likely due to eddy features appearing either to modify the SWF 

or in response to it. When the SWF is present, eddy features seem to appear close to the shore, 

rotating in a counterclockwise, cyclonic direction. Previous research in the California Current 

showed that eddy-like features are able to disrupt coastal flow of an undercurrent (Hickey, 1998). 

On the other hand, there has been evidence of eddy formation off the coast of south-west 

Australia due to the interactions between overlying currents, undercurrents, and bottom 

topography (Rennie et al., 2007). In the 3D plots, the rotational motion of the velocity vectors as 

the deployments went by is considered to be an “eddy-like” feature. While the SWF resulted in 

purely southwards motion of the water, these eddy-like features also showed motion not only 

along the coast, but also across. As such, the SWF was observed to be dominant offshore, while 

eddy-like features were only observed close to the coastline. However, in the FC, whether eddies 

are naturally occurring and coincide with the SWF or if they appear as a response to the SWF is 

still unknown. Nevertheless, our data seems to support that the SWF and coastal ocean eddies are 

part of a coupled system. Similar systems have been previously shown to exist for shallow 

undercurrents in the continental shelf of western boundary currents, such as in the Bay of Bengal 

and the Philippines (Francis et al., 2020; Qu et al., 2012). The eddy-like features were not 

observed offshore or when the SWF was absent. Additionally, the rotational motion of the 

vectors appeared to appear or disappear in deployments where the glider passed through the 

same place more than once. This suggests that the eddy-features are likely moving along the 

coast, most likely southwards, but concrete evidence for the direction of their movement has not 

been found yet. 

VI. Turbulent Flow 

The Richardson number serves to indicate dynamically unstable shear conditions in a 

stratified water column. Richardson numbers below the theoretical critical value, 0.25, point 

towards unstable conditions and generally result in turbulent mixing. The critical value of 0.25 is 

the one generally used in scientific research, but it may vary in between 0.2 and 1.0 depending 

on experimental or natural conditions (Galperin et al., 2007). Here, a critical value of 0.3 was 

chosen after using a 0.25 value proved to be insufficient. The Richardson number generally 
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shows below critical values at the sea surface, along the transitional layer between the SWF and 

the overlying FC, and near the bottom. However, our results also proved to not be consistent 

throughout all of the deployments. Critical values were reached at the sea surface for almost all 

deployments, which is to be expected given how volatile the sea surface is. At the interface layer 

between the SWF and the FC some deployments showed critical values, others didn’t. We 

expected to see much more turbulent flow at this layer, since the differences between the two 

oppositely driven bodies of water and bottom friction should affect turbulence in the transition 

and near the bottom layer. However, this was not the observed case. A possible explanation is 

that 0.3 might still be too low of a critical value to observe this turbulent mixing, so more 

research is needed. Additionally, increasing the critical value might prove to be detrimental, 

since an increase from 0.25 to 0.3 already increased the number of critical value observations in 

the surface layer significantly, as well as in seemingly random parts of the water column. 

Increasing the critical value might then result in much more noise than meaningful observations 

and could prove to be detrimental for our analysis. Close to the seafloor we expect below critical 

Richardson numbers due to low stratification, and that was observed as well for most 

deployments. Observations of below critical values of the Richardson number can serve as a 

proxy for the vertical and subsequent horizontal transport of nutrients and other materials along 

the Florida shelf, so more research is needed to improve the current results in a much more 

meaningful capacity. 

VII. Upwelling 

Upwelling occurs when deep, cold, and nutrient rich water rises through the water column in 

response to diverging surface waters (Smith, 1983). Upwelling events can not only transport 

material from deep waters to the surface, but also alter productivity, displacement, and 

recruitment of biological activity (Hutchings et al., 1995; Kämpf & Chapman, 2016). Depending 

on their strength and persistence, upwelling events can be either beneficial or detrimental to coral 

reef ecosystems (Furnas, 2011). Coral reefs are able to develop and thrive in areas where 

upwelling is not intense or is intermittent, since the cold deep waters are usually at temperatures 

that are outside the corals’ optimal range. Persistent and intense upwelling events can also enable 

the creation of diatom blooms, which in turn becomes detrimental for coral survivability. To 

analyze the possibility of upwelling events in this study, Pearson correlation coefficients were 
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calculated for the relationships between North velocity and the following variables: temperature, 

eastern velocity, depth, CDOM, and Chlorophyll. These were then divided into 5 distinct 

scenarios: all deployments, deployments when the SWF was absent, deployments when the SWF 

was present, deployments when the SWF appeared as an undercurrent, and deployments when 

the SWF appeared as a countercurrent. 

All p-values for the Pearson correlation coefficients were below the significance level of 

0.05, therefore all correlations are considered significant.  

For all cases, north velocity and temperature have a significant positive moderate strength of 

association. Additionally, for all cases, north velocity and depth have a significant negative 

moderate strength of association. The strongest northern currents for almost all deployments 

were observed at the surface level, where temperatures are highest. As temperatures decrease 

with depth, and northern velocity was also observed to decrease with depth, these results are 

unsurprising and were actually expected. The surprising result is that the magnitude of the 

correlation coefficient between north velocity and depth is almost equal for the cases when the 

SWF is absent, when it is present, and when it is present as an undercurrent. It was expected that 

the undercurrent case would increase the strength of this correlation significantly, but that was 

not observed. A possible explanation is that for some deployments the SWF was present as both 

an undercurrent and a countercurrent. For those deployments, if the SWF was present as an 

undercurrent for a significant amount of time then it would still be included in the undercurrent 

case, regardless of whether it was also observed as a countercurrent at some point. Likewise, the 

opposite was also applied for the countercurrent case. It is a possibility that this inclusion might 

have helped diminish the strength of the correlation coefficient. 

For all cases, north velocity and CDOM have a significant negative small to no strength of 

association. From the CTD results, it was observed that for most deployments CDOM 

concentrations peaked at the sea surface and close to the seafloor, with higher concentrations 

extending up to 60-80 m above the seafloor. Since high north velocities were observed at the 

surface, and only decreased with depth, it’d be expected that the correlation coefficient with 

CDOM would be low, since high CDOM concentrations were present at depths were north 

velocity was both at its maximum and at its minimum. The strongest correlation coefficient was 

found to be in the case when the SWF appeared as a countercurrent. This can be explained by 
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looking at the 3D plots and CTD contours. CDOM concentrations peaked across the entire water 

column when the glider moved close to the shore at shallower depths. It was also observed that 

when the SWF behaved as a countercurrent, it was mostly observed at shallower depths, in parts 

of the deployments when CDOM concentrations peaked, which would drive the correlation to be 

stronger. Since the weak negative association occurs when the southward flow appears as a 

countercurrent only, and the association is negligible when the only the undercurrent appears, or 

when the southward flow is missing, this could mean that CDOM is not necessarily restricted to 

deep water as previously thought, but is still being transported southwards to some slight degree. 

For all cases, north velocity and chlorophyll have a significant positive small strength of 

association. This is as expected, since as observed from the optical channels contours chlorophyll 

concentrations peak just above the pycnocline. Consequently, this also might mean that the SWF 

is unable to transport primary producers with the exception of when it appears in its 

countercurrent form.  

For all cases, north velocity and east velocity have a significant positive small to moderate 

strength of association. Eastward flow represents an offshore movement of water. A negative 

eastward flow, westward, represents onshore movement of water. The strongest correlation 

coefficient comes from the case when the SWF appeared as an undercurrent. In this case, it is 

known that northward flow is, mostly, restricted to upper part of the water column, while 

southward flow is restricted, mostly, to the deeper layers. Since it’s a positive strength of 

association, then as northward flow increases, eastward flow does so as well. Consequently, as 

northward flow decreases until it becomes southwards, eastward flow decreases until it turns 

westward. This can be observed from Figure 23, where the average eastern component of the 

current velocity is plotted against the northern. With the undercurrent is present, westward 

(onshore) flow of water is likely to occur at depth, while eastward (offshore) flow of water is 

likely to occur close to the surface where Northern currents prevail. This type of flow would 

provide the optimal conditions for coastal upwelling events, since surface waters are being 

replaced by cold, nutrient rich, deep waters. The data presented here, however, is so far 

insufficient to corroborate whether they are actually taking place. More research is needed to 

establish whether these upwelling events are occurring and if they could alter nutrient dynamics 

and local biological interactions. 



51 

 

 

Figure 23. Averaged eastern and northern velocity components for the deployments when the 

SWF appeared as an undercurrent. The dashed black lines are the respective 0 m/s value for both 

components. Deployments used for analysis are scattered throughout 2022 and 2023. 

8.  Conclusions 

The intercalibration of the glider and the Wirewalker provided good coherence both 

qualitatively and quantitatively. Additionally, Pearson correlation coefficients showed a strong 

strength of association between the north and eastern components of velocities, temperature, 

salinity, and density from both instruments. This goes on to show how both of these are good and 

useful oceanographic instruments for taking measurements of the physical aspects of the ocean 

in a high energy environment, such as the Gulf Stream.  

Through the analysis of glider velocity patterns of different deployments spread throughout 

2022 and 2023, we were able to find evidence of an intermittent SWF. This SWF in general 

portrayed characteristics of an undercurrent during the summer period and of a countercurrent 

during the winter period. Although still not fully understood, this characteristic is most likely due 

to seasonal differences in sea surface temperature and subsequent changes to the strength of 

water column stratification. Strength of the SWF was often found to be larger closer to the shore, 



52 

 

while the FC dominated offshore. Its appearance close to the shore was also typically associated 

with coastal ocean eddies generated by a strong shear between the SWF and the FC. According 

to our observations, the SWF and coastal eddies most likely behave as a coupled system.  

The CTD and optical channels results showed the presence of a sea surface anomaly that is 

most likely associated with outflow from Port Everglades. This outflow appears to be a 

significant source of particulates and biological matter, which is driving increased rates of 

surface primary productivity. Nevertheless, at this point in time, it is unknown whether this 

increased productivity is detrimental or beneficial to the local ecosystem. More research is 

needed in this area. Optical channels results also showed that to a minor degree, the SWF might 

be transporting particulate and biological material at depth, but not the transport of primary 

producers. This most likely has impacts on nutrient transport and likely on trophic interactions. 

Richardson number contours were, at best, inconclusive. Although the interface layer 

between the SWF and the FC does show increased turbulent activity caused by the shear between 

opposite flowing layers, but that is not a feature observed during all of the deployments. More 

research is needed to see how the SWF might be increasing turbulent flow and the vertical or 

horizontal transport of nutrients and particulates. 

Finally, the optimal conditions that would allow the formation of upwelling events were 

observed to be taking place. These conditions are dependent on the SWF appearing as an 

undercurrent. The total capacity that the undercurrent has to drive these upwelling events, and 

how much upwelling actually is occurring, is at this time unknown. Future research should focus 

on discerning how much SWF is really necessary to trigger an upwelling event for accurate and 

safe planning of countermeasures and control. 

More research is needed to accurately assess the effects the SWF and coastal eddies coupled 

system has on velocities, transport, mixing, and upwelling along and across the shelf. 

9.  Limitations and Future Steps 

The current project suffers from several limitations. First, the gilder deployments suffer from 

being too short, which prevents any significant large-scale variability from being observed in the 

resulting data. Information on spatial and temporal large-scale phenomena, such as mesoscale 
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eddies, tidal variability, climatic conditions, etc., could provide some additional insight into the 

observed patterns of the SWF. Additionally, longer deployments require a significant amount of 

active piloting time, which is not feasible with our current setup. Second, the intercalibration of 

the glider and the Wirewalker only had available data for a relatively small window when 

compared to the overall length of the deployments. Unfortunately, the Wirewalker buoy system 

was lost at sea after an unexpected collision with a ship and subsequent sinking of the buoy. 

Nevertheless, a new buoy is in the process of being purchased so that future Wirewalker 

deployments are possible. Third, the LADCP procedure outputs LADCP profiles that it tries to 

match to the bottom tracking profiles as best as it can, but when not possible, a manual 

correction has to be applied. This leaves the final plots vulnerable to human bias, as they are 

matched by visual acuity only. Finally, the conditions of the western flank of the Gulf Stream 

and the local climate severely restricted the amount of glider deployments we were able to do. A 

possible approach to deal with this would be to establish long-term monitoring stations to get a 

more complete dataset even through harsh conditions. 
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10.  Appendix A: Glider ADCP Figures 

 

Figure A.1. LADCP figures for the August 23-24, 2022 deployment (A.1A, B, C, and D) and for 

the September 8-9, 2022 deployment (A.1E, F, G, and H). Y-axis in all plots represents depth, x-

axis represents time, and the color bar represents current velocity in m/s or degree of direction, 

with 0 degrees being full northward flow. 3D plot shows the 20 m depth bin vector plot. 
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Figure A.2. LADCP figures for the March 28-29, 2023 deployment (A.2A, B, C, and D) and for 

the June 14-15, 2023 deployment (A.2E, F, G, and H). Y-axis in all plots represents depth, x-axis 

represents time, and the color bar represents current velocity in m/s or degree of direction, with 0 

degrees being full northward flow. 3D plot shows the 20 m depth bin vector plot. 
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11.  Appendix B: Glider CTD Figures 

 

Figure B.1. CTD figures for the August 23-24, 2022 deployment (B.1A, B and C) and for the 

September 8-9, 2022 deployment (B.1D, E, and F). Y-axis in all plots represents depth, x-axis 

represents time, and the color bar represents the measurements (temperature, salinity, or density). 

Units are °C for temperature, PSU for salinity, and kg/m3 for density. 
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Figure B.2. CTD figures for the March 28-29, 2023 deployment (B.2A, B and C) and for the 

June 14-15, 2023 deployment (B.2D, E, and F). Y-axis in all plots represents depth, x-axis 

represents time, and the color bar represents the measurements (temperature, salinity, or density). 

Units are °C for temperature, PSU for salinity, and kg/m3 for density. 
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12.  Appendix C: Glider Optics Figures 

 

Figure C.1. Optic channels figures for the August 23-24, 2022 deployment (C.1A, B and C) and 

for the September 8-9, 2022 deployment (C.1D, E, and F). Y-axis in all plots represents depth, x-

axis represents time, and the color bar represents the measurements (backscatter, CDOM, or 

chlorophyll concentrations). Units are counts for backscatter, ppb for CDOM, and μg/L for 

chlorophyll. 
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Figure C.2. CTD figures for the March 28-29, 2023 deployment (C.2A, B and C) and for the 

June 14-15, 2023 deployment (C.2D, E, and F). Y-axis in all plots represents depth, x-axis 

represents time, and the color bar represents the measurements (backscatter, CDOM, or 

chlorophyll concentrations). Units are counts for backscatter, ppb for CDOM, and μg/L for 

chlorophyll. 
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13.  Appendix D: Glider Richardson Figures 

 

Figure D.1. Richardson number contours for the August 23-24, 2022 deployment, D.1A, the 

September 8-9, 2022 deployment, D.1B, the March 28-29, 2023 deployment, D.1C, and for the 

June 14-15, 2023 deployment, D.1D. Y-axis in all plots represents depth, x-axis represents time, 

and the color bar represents the arctan of the Richardson number, Ri. Actual contour only shows 

cells where the Richardson number was found to be below the critical value of 0.3. 
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14. Appendix E: Tables 

Table E.1. The table shows minimum, maximum, and average values for the surface (top 20 m) 

and bottom (last 20 m) layers for each deployment for temperature, salinity, and density. The 

deployment names represent the dates when the glider was in the ocean, and are written in the 

format of YYYYMMDD_YYYYMMDD. Rows are color coded depending on which season 

each deployment took part in. Yellow represents spring, orange represents summer, green 

represents fall, and blue represents winter. Units are °C for temperature, PSU for salinity, and 

kg/m3 for density. Averages are calculated using all available data for each deployment. 
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Table E.2. The table shows average values for the surface (top 20 m) and bottom (last 20 m) 

layers for temperature, salinity, and density for each season for when glider data is available. 

Units are °C for temperature, PSU for salinity, and kg/m3 for density. 

Averages Surf. Temp. Surf. Sal. Surf. Dens. Bot. Temp. Bot. Sal. Bot. Dens. 

Spring 2022 26.54 36.06 1023.70 18.24 36.18 1026.50 

Summer 2022 29.95 35.84 1022.42 18.60 35.83 1025.92 

Fall 2022 27.92 35.89 1023.14 19.45 36.12 1026.24 

Winter 2022/23 26.25 35.99 1023.75 18.55 35.91 1026.18 

Spring 2023 25.46 36.22 1024.17 17.50 35.98 1026.42 

Summer 2023 28.76 36.16 1023.06 15.50 35.93 1027.02 

Fall 2023 30.53 35.20 1021.74 18.68 36.13 1026.34 

 

Table E.3. The table shows minimum, maximum, and average values for the surface (top 20 m) 

and bottom (last 20 m) layers for each deployment for backscatter, CDOM, and chlorophyll 

concentrations. The deployment names represent the dates when the glider was in the ocean, and 

are written in the format of YYYYMMDD_YYYYMMDD. Rows are color coded depending on 

which season each deployment took part in. Yellow represents spring, orange represents 

summer, green represents fall, and blue represents winter. Units are none for backscatter, parts 

per billion (ppb) for CDOM, and μg/L for chlorophyll. Averages are calculated using all 

available data for each deployment. 
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Table E.4. The table shows average values for the surface (top 20 m) and bottom (last 20 m) 

layers for backscatter, CDOM, and chlorophyll for each season for when glider data is available. 

Units are none for backscatter, parts per billion (ppb) for CDOM, and μg/L for chlorophyll. 

Averages Surf. Back. Surf. CDOM Surf. Chlor. Bot. Back. Bot. CDOM Bot. Chlor. 

Spring 2022 0.000427469 0.524421407 0.313989296 0.000357321 0.545697113 0.173056874 

Summer 
2022 0.000328007 0.402486006 0.24811882 0.000370317 0.508850633 0.161080141 

Fall 2022 0.000238437 0.285174911 0.133713309 0.000237083 0.408042053 0.082696041 

Winter 
2022/23 0.000291024 0.316867676 0.13999729 0.000448026 0.445515939 0.107120578 

Spring 2023 0.000339736 0.123374158 0.136974529 0.000285385 0.196866966 0.109150748 

Summer 
2023 0.000327404 0.287010879 0.217858122 0.000345633 0.3772868 0.162614258 

Fall 2023 0.000289181 0.280159558 0.131215066 0.000294853 0.379041683 0.147511118 
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