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RIP CURRENT HAZARD AS AFFECTED BY SAND BAR HEIGHT ON FLORIDA AND 

CUMBERLAND ISLAND BEACHES 

Stephen Leatherman 

New College of Florida, 2013 

 

ABSTRACT 

Rip currents are seaward-flowing currents usually caused by a break or hole in a 

beach’s sand bar.  This study examines the role of the height of sand bars on rip current 

hazard on three Florida beaches (Miami Beach, Miami, FL, Lido Beach, Sarasota, FL, and 

Pensacola Beach, Pensacola, FL) and one Georgian beach (Cumberland Island Beach, 

Cumberland Island, GA).  These areas were chosen for their variety in sand bar heights.  

Sand bar heights on these beaches were measured using surveying equipment.  When 

possible, a rip channel was surveyed with at least three survey lines to capture the 

features of the rip channel.  Rip current hazard on each beach was measured with 

lifeguard rip current rescue statistics, drowning statistics, and wave height statistics.  A 

positive correlation was found between sand bar height and rip current hazard.  From 

this correlation, it is suggested that rip current forecasts should include sand bar height 

in their models to provide better accuracy. 
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Chapter 1: Introduction 

Rip currents take approximately 100 human lives in the United States annually 

and probably over 500 lives globally (Brander and MacMahan, 2011).  They are 

responsible for more deaths than hurricanes, tornadoes, sharks, and lightning strikes 

(Figure 1).  These seaward-flowing currents are deceptively dangerous.  They are often 

seen as calm water between breaking waves, offering an inviting place to swim.  

 

Figure 1- Annual Rip Current Deaths.  Weather and marine deaths averaged from 
1994 to 2003 by the National Weather Service.  Rip currents are responsible for more 
deaths than floods, tornados, lightning, and hurricanes. (Retrieved from 
ripcurrents.com/watertracer, 2013). 
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Although these currents are more deadly than many natural disasters, they 

receive far less attention.  This is because rip currents do not result in massive economic 

losses.  Hurricanes cost the United States billions of dollars annually (National Science 

Board, 2007).  Rip currents are localized to small sections of beach, are almost 

unobservable to the average beachgoer, and do not result in economic costs.  

Unfortunately, the result is that the average person knows very little about the dangers 

of rip currents. 

 The nature of beaches as local and tourist recreation sites further adds to the 

hazards that rip currents pose.  Every year, hundreds of millions of people attend 

beaches all over the world.  Two hundred and fifty two million people attended beaches 

in the United States alone in 2012, according to the United States Lifesaving Association.  

This enormous amount of beach traffic includes not only locals, but many tourists from 

other states and countries.  Many times, beach tourists live in inland areas with no 

beaches and have a lack of experience and knowledge about the ocean.  Also, many 

tourists from other countries do not speak English, and are not able to read beach 

warning signs or may be unfamiliar with the beach hazard flag system. 

 This lack of public knowledge contributes to the high annual death toll of rip 

currents.  Currently, the United States educates the public about rip currents through 

the beach hazards flag system (Figure 2) as well as online and through the weather 

channel.  The beach hazard flag system is the method in which beach lifeguards post 

current beach conditions, using different colored flags to represent danger.  These flags 
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are green, yellow, red, and purple, and are posted on top of the lifeguard stands at most 

U.S. beaches.  Red flags are the serious hazard conditions.  One red flag means 

dangerous current or high surf.  Two red flags are the most serious warning, and they 

represent that the beach is closed for swimming.  A yellow flag means caution.  This flag 

allows swimming but with caution due to possible rip currents or high surf.  A green flag 

means no danger present.  Purple flags represent marine wildlife hazard.  Typically, 

purple flags are used to warn of jellyfish or man-o-wars being present; however, 

swimming is still allowed.  The beach hazard flag system is useful for warning 

beachgoers of hazards, but is not without problems.  The problem with a colored flag 

system is that it is not standardized throughout the world.  Other countries can and 

have different meanings for flag colors and tourists visiting the beach can become 

confused.  



4 
 

 

Figure 2- Beach Flag System.  A green flag, denoted by an arrow, is displayed at 
Pensacola Beach, FL, representing calm conditions on the beach warning flag system.  
(Photo by Stephen B. Leatherman, 2012). 

 Another way for beachgoers to learn about current beach conditions and 

hazards is through local TV, news and weather channels.  The National Weather Service 

provides rip current forecasts for regional areas.  In Florida, these regions are Miami, 

Melbourne, Jacksonville, Tallahassee, and Tampa.  Their forecasts are based on 

predictive models of rip currents developed by Lushine (1991), later modified by 

Lascody (1998).  These models account for wind speed and direction, wave height, and 

tide level.  Lascody (1998) modified the original model to include long period swell 

waves.  These long period waves are the best type of waves to set up dangerous rip 
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currents, and are caused by large offshore weather events.  The National Weather 

Service’s rip forecast details either a low, moderate, or high risk of rip currents per 

region.   

 In this study, the role of sand bar height on rip current hazard was studied on 

three Florida beaches and one in Georgia.  Brander and MacMahan, 2011, Bruneau et 

al., 2009, Kennedy and Thomas, 2004 have shown that lower tides typically result in 

stronger rip currents.  This is because as the water level drops during low tide, the sand 

bar becomes higher relative to the water level.  The hole (or gap) in the sand bar acts as 

a relief for the water built up landward of the bar and funnels the water seaward in the 

form of a strong rip current.  This effect of sand bar height on rip current presence and 

strength is shown in a wave tank experiment in Chapter 3. 

This relationship between sand bar height and rip current presence and strength 

is very important in accounting for the rip current hazard on beaches.  Beaches’ sand 

bar heights can vary greatly even in the same geographic region.  This is a problem 

because wave energies can be similar in a region, but the varying sand bar heights will 

cause the rip current hazard to be different between regions.  Currently, the National 

Weather Service’s rip forecast model does not account for sand bar height.  The goal of 

this study is to show that sand bar height on beaches is an important variable in 

determining rip hazard on beaches, and that it should be included in rip forecast models 

to give a more accurate rip forecast by beach instead of by region.   
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Chapter 2: Rip Current Formation 

 The driving force behind rip currents is longshore variation in wave height (Haller 

et al, 2002).  This is typically caused by the refraction and diffraction of waves due to 

variable sand bar sizes.  Other bathymetric features such as pits can cause wave 

refraction and diffraction as well.  This causes the waves to have varying heights 

alongshore.  When the waves break and water is pushed up on the beach, the 

differences in wave height will cause a differential wave set-up on the beach.  The 

backwash is concentrated in some areas due to the differential wave set-up, and can 

develop topographic depressions, such as a hole or gap in the sand bar.  After bar holes 

are formed, the rip currents persist in this area as the holes in the bars allow for relief of 

the wave set-up.  The resulting seaward-flowing current is called a bar-gap rip current, 

also known as a fixed rip (Figure 3).  Rip currents’ mean velocity typically ranges from 

0.3 to 0.8 meters per second (Brander and McMahan, 2011). 
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Figure 3- Rip Current Diagram.  The bar-gap rip current is shown piercing through a hole 
in the sand bar, flowing seaward.  The arrows represent the direction of water flow.  
(Taken from Leatherman, 2003). 

 

Wave height is the most important factor in the strength of rip currents, as the 

energy of a wave is equal to the square of the wave’s height (Bowen 1969).  For 

example, a three meter high wave is nine times as powerful as a one meter high wave.  

Higher, stronger waves will cause the rip currents to flow much faster.  Offshore storms 

will usually produce the strongest rip currents due to increased wave heights.  However, 

these offshore storms also have longer period waves, which also increase the strength 

of a rip current.  Long period, shore-normal waves are perfect for generating rip 
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currents.  As waves break over the sand bars perpendicular to shore, they will create 

large rip currents where holes in the sand bars exist.  The long period of the waves will 

prevent disturbance of the rip’s seaward flow from oncoming waves, allowing the rip 

current to be faster. 

 While the previously mentioned bar-gap rips are the most common, there are 

also other types of rip currents: permanent rips, fixed rips, flash rips, traveling rips, and 

more.  A permanent rip is a rip caused by a structure such as a groin, jetty, pier, or storm 

drain.  The backwash from the breaking waves is concentrated along the groin or jetty, 

flowing offshore as a strong rip.  A storm drain will have fast flowing water shooting 

directly onto the beach, which will eventually create a hole in the sand bar and cause 

conditions for a rip current to form.  A flash rip can last for a few minutes; they are 

created when a big set of waves break on the beach, pushing more water than normal 

up the beach and creating a sudden rip current.  These currents do not typically result in 

a hole or gap in the sand bar, and they only last for a few minutes at most.  A traveling 

rip is a rip current that can move up and down the beach, depending on wave action 

and direction of approach.  Even more types of rip currents such as mega rips and swash 

rips exist. 

 In addition to being the most common type of rip current, bar-gap rips are also 

the most deceptive.  Whereas a permanent rip current will have a groin or jetty to 

identify its location, the bar gap rips can be found anywhere along the beach with no 

visual clues.  In fact, as the rip current flows seaward past the sand bars, it actually 
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knocks down the height of the incoming waves to make that area appear to have calmer 

water compared to adjacent areas.  This is detrimental for the uneducated beachgoer 

who will typically choose the area with calmer water, unfortunately choosing the exact 

area of the rip current (Figure 4). 

 

Figure 4- North Carolina Rip Current.  A family in North Carolina enters the water where 
a bar-gap rip is present, due to the seemingly calm waves. A black arrow indicates the 
gap in the sand bars and the location of the rip current.  (Photo by Stephen P. 
Leatherman). 

 

 Bar-gap rips can stay in the same location for long periods of time.  Due to the 

gap in the bar, these rips can persist for days or months, until the gap is filled in slowly 
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over time or by a coastal storm.  Bar-gap rips are strongest when waves approach 

perpendicular to shore (called normally-incident waves). 

 The typical rip current has a characteristic mushroom-cloud shape as seen from 

the air (Figure 5), but is not as easy to see from the beach.  This mushroom cloud is 

darker than the surrounding water and occurs when the fast-flowing rip current causes 

sand or other sediment to be suspended in the current.  The mushroom shape is the 

typical shape of a rip current: the “neck” of the current is the concentrated backwash 

flowing offshore past the sand bar, and the “head” of the current is the dispersion of the 

water after traveling past the bar.  

 

Figure 5- Rip Current.  The classic mushroom cloud shape of a rip current with the arrow 
representing the neck of the current and the circle showing the scale of a surfer.  (Photo 
from Los Angeles County Coastal Monitoring Network, 2002). 
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New studies show that rip currents flow like circulatory eddies and only 20% of 

the water exits the surf zone with the other 80% circling back to the sand bars (Brander 

and MacMahan, 2011).  Brander and MacMahan also state that this new finding 

contradicts the popular swim-parallel-to-the-beach escape method for being stuck in a 

rip current, since 80% of the time if the swimmer does nothing he will be brought back 

to the safety of the sand bar.  Also, if a swimmer chooses to swim parallel to the beach 

he may end up swimming against a longshore current which can distress the swimmer 

and pull him into the rip current.   

 Another aspect of rip currents to consider is the seasonal variation in beach 

berm height and sand bar height.  The berm of a beach is the area of deposition of 

beach material caused by wave action on the backshore of the beach.  The berm of the 

beach is almost horizontal.  During the summer, the berm is low and wide, as the small 

summer waves build the berm up.  During winter, strong waves from offshore storms 

are present.  These strong waves will cut into the berm and cause severe erosion.  The 

eroded berm sand is moved offshore to form sand bars.  Due to these waves and 

erosion, the berm is narrow and high during the winter and the sand bars are more 

prevalent.   
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Chapter 3: Wave Tank Experiment: Bar Height versus Rip Presence and 

Strength 

The height of a sand bar plays a major role in rip presence and strength.  This 

experiment was designed to test the role of the height of the sand bar with respect to 

the presence and strength of a rip.  Field observations have indicated that a larger bar 

results in stronger rip currents (Dean and Thieke, 2011), and these authors have called 

for a “rational accounting for the quantitative effect of the bar height.”   

Rip currents have been observed to be more prevalent and stronger within a few 

hours of the minimum low tide based on field observations (Brander and Short, 2001).  

This suggests that it is not only the bar height that is important, but the height of the bar 

relative to water level. At low tide the relative height of the sand bar to the water level 

is increased, which thereby exerts a stronger influence on rips, everything else being 

equal.  Variations in set-up gradients created by alongshore variable wave breaking 

drive topographically-controlled rip current circulations in nature (Bonneton et al., 

2010), but these conditions cannot be replicated in a 2-D wave tank.               

           The role of varying bar height, tidal range, and wave energy was investigated 

through this simple wave tank experimentation.  In one case, bar height was held 

constant while the water level was varied to simulate a changing tide.  In the other case, 

the water level remained constant, and bar height was varied.  In both sets of 

experiments, three wave energies were utilized to simulate higher, moderate, and lower 

wave conditions.   
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The University of Miami wind-wave tank was utilized for the rip experiments; it 

measured 15m x 1m x 1m, and had a 1:12 beach slope (Figure 6).  The model bars were 

lead weights with a width of 8.5 cm and a length of 39 cm; their height was varied 

throughout the experiment by adding additional flat lead weights.  A bar gap in the 

center of the tank simulated the case of a fixed rip channel; the gap between the bars 

was 22 cm (the width of the tank being one meter).  The beach slope and bars were 

immobile, and sand was not used in order to reduce the number of variables in the 

experiment.   Monochromatic 0.5 Hz waves were generated with a hydraulic ram which 

was set at varying amplitudes. Digital line scan cameras were used to record the surface 

elevation at three locations at a sampling rate of 500 Hz.  To measure rip speed, the 

movement of neutrally-buoyant pieces of eel grass through the bar gap were recorded 

with a video camera.  In each test, three to six pieces of eel grass were tracked as they 

moved 30 cm relative to the tape on the bottom of the tank.  An average rip speed was 

determined from these data.  Yellow fluorescent dye was used as a marker in some 

cases (Figure 7). 
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Figure 6-Univeristy of Miami Wave Tank Schematic.  This schematic shows a cross 
section of the wave tank.  Inside the wave tank is an artificial beach made out of wood, 
with metal sand bars attached to it.  The height of the beach at the plunge point is 40 
cm, and the distance from the plunge point to the bar is 1.2m (Taken from Leatherman 
et al., 2013). 

  

Figure 7-Wave Tank Rip Current.  Yellow fluorescent dye shows rip current formation 

through a break in the artificial bars with return flow toward the bar (Taken from 

Leatherman et al., 2013). 
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In the first set of experiments the bar height was held constant at 5 cm, and the 

water level was varied (Table 1; Figures 8a & 8b).  Five runs with differing water levels 

were conducted: 8.5 cm, 6.5 cm, 4.5 cm, 2.5 cm, and 0.5 cm above the bar. The plunge 

point position relative to the bar was also recorded.  All runs had three different 

incident significant wave heights- 8.4, 8.6 and 8.8 cm, recorded at the toe of the beach 

slope at a single frequency (0.5 Hz), representing lower, moderate, and higher wave 

energies. Significant wave height is defined as the mean wave height of the highest third 

of the waves (abbreviated as Hs).  While this range of wave heights seems small relative 

to total water depth of 40 cm, it resulted in significant changes in breaker position 

(order of 1 m; see Figure 8b) and rip speeds.  

 

Figure 8a- Rip Speed versus Depth above Bar.  This figure shows the rip speed versus 
depth above bar for high (8.6 cm Hs), medium (8.4 cm Hs), and low (8.2 cm Hs) wave 
energies denoted by a triangle, square, and circle, respectively. 
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Figure 8b- Plunge Point versus Depth above Bar.  This figure shows the plunge point 
position versus the depth above the bar for changing water level experiment.  The high 
(8.6 cm Hs), medium (8.4 cm Hs), and low (8.2 cm Hs) wave energies are denoted by a 
triangle, square and circle, respectively. 

    

In the second set of experiments, the water level was held constant at 8 cm 

above the bottom at the bar position, and the bar height was varied (Table 2).  There 

were nine runs with the bar heights at 8 cm (0 cm above bar so that the water level was 

the same as the bar height), 7 cm, 6 cm, 5 cm, 4 cm, 3 cm, 2 cm, 1 cm and 0 cm (no bar). 

There is a clear increasing trend in the onset of occurrence of rips and their 

speeds as water level decreases and relative height of bar to water depth increases 

(Table 1, Figure 8a).  Run 1 (8.5 cm above the bar) showed no rip currents for any energy 

level.  As the water level was decreased, rip currents formed and became stronger with 
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lower water levels.  This supports the field observations of rip currents being strongest 

when the water level was near the low tide elevation (Lushine, 1991; Brander and Short, 

2001).  Comprehensive laboratory experiments of rip current circulation using drifters in 

a wave basin (Kennedy and Thomas, 2004) also indicated that stronger velocities 

occurred at lower water levels.  
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   Table 1. Effect of Wave Energy and Water Level on Rip Strength 

High Energy (8.8 cm Hs) 

Bar Height (cm) 5  5  5  5  5  

Depth of water above bar (cm) 8.5  
 

6.5  
 

4.5  
 

2.5  
  

0.5  
 

Percent of bar height to total water depth (%) 62.9 56.5 47.4 33.3 9.1 
 

Plunge Point from bar (m) 0.95 0.35 0.1 -0.1 -0.15 

Rip Speed (cm/s) 0  7  15  19  18 

 

Moderate Energy (8.6 cm Hs) 

Bar Height (cm) 5 5 5 5 5 

Depth of water above bar (cm) 8.5 6.5 4.5  2.5 0.5 
 

Percent of bar height to total water depth (%) 62.9 56.5 47.4 33.3 9.1 
 

Plunge Point from bar (m) 1.45 1.1 0.35 0.1 0 

Rip Speed (cm/s) 0 0  3  9 21  

 

Low Energy (8.4 cm Hs) 

Bar Height (cm) 5 cm 5  5 5 5 

Depth of water above bar (cm) 8.5 6.5 4.5 2.5 0.5 

Percent of bar height to total water depth (%) 62.9 56.5 47.4 33.3 9.1 
 

Plunge Point from bar (m) 1.5 1.3 1.05 0.1 -0.2 

Rip Speed (cm/s) 0 0 0 9 13 
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Table 2. Effect of Bar Height on Rip Current Strength 

 

Higher Energy (8.8 cm Hs) 

Bar Height (cm) 8 7 6 5 4 3 2 1 0 

Depth of water above bar (cm) 0 1 2 3 4 5 6  7 8 

Percentage of water above bar to 
total water depth (%) 

0 12.5 25 37.5 50 62.5 75 87.5 100 

Plunge point from bar (m) 0.1 
m 

0.15  
 

0.3 
  

0.15  
 

0.17  
 

0.23 
  

0.2  
 

0.18 
  

0.25  
 

Rip Speed (cm/s) 34 20 19  16 
 

9 
 

0  0 
  

0  0  

 

Moderate Energy (8.6 cm Hs) 

Bar Height (cm) 8 7 6 5 4 3 2 1 0 

Depth of water above bar (cm) 0 1 2 3 4 5 6  7 8 

Percentage of water above bar to 
total water depth (%) 

0 12.5 25 37.5 50 62.5 75 87.5 100 

Plunge point from bar (m) 0.1 0.18  
 

0.25  
 

0.2  
 

0.25 
  

0.27  
 

0.18  
 

0.25  
 

0.35  
 

Rip Speed (cm/s) 23 
 

23 19 
 

12 
 

11  0  
 

0  
 

0  0  
 

 

Lower Energy (8.4 cm Hs) 

Bar Height (cm) 8  7   6  5  4  3  2  1  0  

Depth of water above bar (cm) 0 1 2 3 4 5 6  7 8 

Percentage of water above bar to 
total water depth (%) 

0 12.5 25 37.5 50 62.5 75 87.5 100 

Plunge point from bar (m) 0.15  0.21 
  

0.11  
 

no 
data 

0.28 
  

0.37  
 

0.2 
  

0.3  
 

0.32 
  

Rip Speed (cm/s) 26 15 18 
 

10 
 

9 
 

0  
 

0  
 

0  
 

0 
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There is a consistent spread in rip speeds as wave energy varies (Table 1).  Figure 

8a indicates that higher wave energy relates to increased rip presence and speeds. This 

result is hardly surprising and agrees with field observations, including those of Bruneau 

et al. (2009).  Higher energy waves created rip currents at run 2 (6.5 cm bar), moderate 

energy resulted in rips on run 3 (4.5 cm bar), and rips were only generated for two cases 

at the lowest energy.  Therefore, rip currents were generally stronger with higher 

energy waves; this relationship would have likely been more pronounced if a larger 

range of laboratory wave heights had been utilized.  Haller and colleagues (2002) 

showed in their experimental study of nearshore dynamics that higher wave heights at 

the bar resulted in higher rip velocities measured at the rip neck, which correlates with 

our findings.   

 The results of the second set of experiments clearly show that independently 

varying the bar height greatly affects rip current strength (Table 2, Figure 8c).  Run 1 (8 

cm bar) had strong rips for all energy levels; the rips weakened as the bar height was 

decreased. No rips were observed with 3 cm and lower bars. While there was a clear 

trend in wave energy vs. rip presence and strength in this series of experiments, the 

higher wave energies only resulted in an average increase of 3 cm/s in rip speed.  This 

trend was likely related to changing breaker type—plunging waves grading to spilling-

type waves with different runs as the plunge position did not change significantly (Figure 

8d). Haller and colleagues (2002) found that the ratio of wave height at the onset of 

breaking to water depth was larger for plunging breakers than spilling breakers, which 

was also observed in our laboratory experimentation.  When the water depth was too 
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large relative to the bar height, then the waves would move over the bar and break 

further landward near the shoreline.  In these cases, the bar would no longer affect the 

nearshore dynamics, and rip currents were not present (e.g., see cases where rip speed 

is zero in Table 2). 

 

 

Figure 8c- Rip Speed versus Bar Height.  This figure shows rip speed versus bar height for 
high (8.6 cm Hs), medium (8.4 cm Hs), and low (8.2 cm Hs) wave energies denoted by 
the triangle, square, and circle, respectively. 
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Figure 8d- Plunge Point versus Bar Height.  This figure shows the plunge point versus bar 
height for high (8.6 cm Hs), medium (8.4 cm Hs), and low (8.2 cm Hs) wave energies 
denoted by the triangle, square, and circle, respectively. 

 

Sand bars on beaches have greatly varying heights.  For example, beaches in 

Palm Beach, Florida have a sand bar height of about two meters (Dean and Thieke, 

2011) whereas beaches in Cumberland Island, Georgia have subtle sand bars of 20-30 

cm heights based on personal observation (Figure 9).  These laboratory experiments 

showed that rip currents are more likely to occur and be stronger on beaches with 

higher sand bars.  Therefore, rip currents are likely prevalent at Palm Beach, Pensacola 

Beach and other beaches with large bars during the appropriate wave and water level 
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conditions.  The wave tank tests also suggest that beaches with minimal to no bars 

would not be susceptible to rips.  

        

Figure 9-Beach Slope at Cumberland Island.  Cumberland Island, Georgia, is 

characterized by very fine sand, a gently-sloping beach profile, and low wave activity 

(Photo by S. P. Leatherman).   

 

This experiment demonstrates that the ratio of bar height to total depth is 

important for the development of rip currents, and the threshold decreases as wave 

energy increases. Because of the inherent limitations of the quasi-two dimensional wave 

tank, it is likely that the bar to total depth ratio at which rip currents form in the 

laboratory will not necessarily scale with wave height in the same way for field 

investigations. 
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Chapter 4: Field Methodology 

 Sand bar height was experimentally shown in the previous chapter to have a 

great effect on rip current presence and strength.  The goal of this study is to show this 

effect through field studies, which have never been previously conducted. 

 Three beaches in Florida and one beach in Georgia were chosen as the study 

area (Figure 10) due to their variability in sand bar heights.  These beaches are Miami 

Beach, Miami, FL, Lido Beach, Sarasota, FL, Pensacola Beach, Pensacola, FL, and 

Cumberland Island Beach, Cumberland Island, Georgia. 

 

Figure 10-Study Area. The study area of the beach surveys.  Miami Beach is represented 
by the white triangle, Lido Beach is represented by the yellow square, Pensacola Beach 
is represented by the orange circle, and Cumberland Island Beach is represented by the 
red “A”. 
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 Cumberland Island Beach (Figure 11) is a remote beach on a barrier island off of 

Georgia.  This beach is special in that its sand bar is very small.  The beach also has a 

very shallow slope, and low wave energy.  Due to the lack of sand bars and wave energy, 

this beach does not experience rip currents and has no recorded rip current deaths 

(Dean, 2010).  Cumberland Island is a recognized national seashore and is only 

accessible by boat, and is limited to three hundred visitors per day.  There are no 

lifeguards present at Cumberland Island, Georgia.  The surveys for Cumberland Island 

Beach were conducted on August 14, 2012 by Stephen B. Leatherman and Stephen P. 

Leatherman. 

 

Figure 11- Cumberland Island.  Stephen P. Leatherman rests after surveying at 
Cumberland Island Beach, Georgia.  (Photo by Stephen B. Leatherman). 
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 Lido Beach (Figure 12) is located on a barrier island off of Sarasota, FL.  This 

beach is a very popular tourist destination, and has many visitors annually.  This beach is 

characterized by low wave energy and small sand bars.  Since Lido Beach is located on 

the Gulf Coast of Florida, it does not typically experience strong waves such as those 

found on the east coast of Florida.  Lido Beach experiences rip currents and rescues, and 

has lifeguards.  The surveys for Lido Beach were conducted on November 9, 2012 by 

Stephen B. Leatherman and Stephen P. Leatherman. 

 

Figure 12-Lido Beach.  Stephen B. Leatherman sets up the surveying equipment in Lido 
Beach, Sarasota.  (Photo by Stephen P. Leatherman). 
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Miami Beach (Figure 13), Miami, FL, is the most popular beach in Florida.  Tens 

of millions of visitors arrive at Miami Beach annually.  Miami Beach is characterized by 

medium-sized sand bars and moderate wave energy.  The surveys for Miami Beach were 

conducted on May 7, 2012 by Stephen B. Leatherman and Stephen P. Leatherman. 

 

Figure 13-Miami Beach.  (Photo by Stephen B. Leatherman). 

 Pensacola Beach (Figure 14) in Pensacola, FL, is located on the panhandle of 

Florida.  This area is known to experience the most rip currents and strongest wave 

energy (Houser et al., 2011).  Rip currents at this beach are morphologically controlled 

by transverse ridges which refract the incident wave field to create alongshore 

variations in wave height—the driving force behind rips.  This configuration sets up a 
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rhythmic transverse bar and rip state, with rip currents present between the ridges 

(Houser, et al., 2011).  Pensacola Beach also has the largest sand bars of all the study 

areas.  The surveys for Pensacola Beach were conducted on July 17, 2012 by Stephen B. 

Leatherman, Stephen P. Leatherman, and Klaus Meyer-Arendt. 

 

Figure 14- Pensacola Beach.  Stephen B. Leatherman takes survey measurements with 
Dr. Meyer-Arendt positioning the meter rod. (Photo by Stephen P. Leatherman). 

  

Surveying equipment was used to measure the profile of each beach (Figure 15).  

The surveying equipment consists of a transit attached to a tripod, and a meter rod.  The 

transit is a surveying instrument used to measure horizontal and vertical angles.  The 
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transit must be completely level on top of the tripod.  To do this, the transit has a 

hemispherical mounting plate with three levels on it that allows for quick leveling of the 

transit.  The rod is a measuring device that can expand up to 5 meters tall.  The transit 

contains a scope that the user looks through at the rod.  The scope shows three 

horizontal lines called the upper crosshair, center crosshair, and lower crosshair.  When 

the transit is perfectly level, the surveyor looks through the transit’s scope at a second 

surveyor who is holding the rod.  It is necessary to keep the scope from moving during 

the process.  The person with the rod must be in-line with the scope for the scope to 

take measurements on the rod.  This is done by looking through the scope and using 

hand signals to have surveyor two come in-line with the scope.  Surveyor one will then 

take three measurements from the rod: the value of the upper, center, and lower 

crosshair.  Using this, a distance can be calculated by subtracting the value of the lower 

crosshair from the value of the upper crosshair, and multiplying by one hundred.  The 

distances for all of the surveys conducted were in meters.  The location of the transit is 

positioned on the high water line, and the surveys are conducted in lines going offshore, 

perpendicular to the beach.  At least three survey lines were conducted for each beach, 

with each line going as far offshore as possible until the deep water made it impossible 

to hold the rod straight.  The goal of the survey lines was to capture the height of the 

sand bar as well as the depth of a rip current channel.  This was done by conducting one 

survey line in the middle of a rip channel, and two survey lines on the sand bar adjacent 

to the rip channel.  This allowed for a general mapping of the rip current channel.  By 

surveying inside of the rip current channel, we were able to measure the depth of the 
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channel relative to the adjacent sand bar heights.  This can then be compared with the 

other beaches to determine the sand bar heights of the beaches. 

 

Figure 15-Surveying Diagram.  (a) The upper, center, and lower cross hair are 
displayed as the surveyor looks through the transit.  (b) The instrument is shown looking 
at the meter rod (called the level rod in this diagram), and the cross hairs from the 
transit are displayed intersecting the meter rod at the point seen through the scope of 
the transit.  (Taken from Cruz, 1983). 

 

 Rip current hazards were primarily assessed through the United States Lifesaving 

Association’s lifeguard rescue statistics.  These statistics are available online at 

www.usla.org, and show the number of rescues from rip currents at each beach with 

USLA lifeguards present.  According to the USLA, 80% of all lifeguard rescues are caused 

by rip currents.  Rip current rescue statistics for each beach were then normalized by 

annual visitors to be able to compare them. 
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 Rip current hazards were also assessed through the use of wave hindcast data.  

These data were retrieved from the Wave Information Study conducted by the US Corps 

of Engineers (Jensen, 2010).  This study generated a wave climatology for each area by 

using a computer model of the observed wind fields over an area.  This study provides 

an average of significant wave height for each beach and is used in the analysis of rip 

current hazard. 
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Chapter 5: Results 

 The results of the beach surveys found Pensacola Beach to have the largest sand 

bar heights relative to channel depth at 0.9 meters (Figure 16), followed by Miami Beach 

at 0.6 meters (Figure 17), Lido Beach at 0.35 meters (Figure 18) and Cumberland Island 

Beach at 0.25 meters (Figure 19) (Table 3).  These results are in-line with field 

observations at each location.  At Cumberland Island Beach, no rip current channel was 

present.  Therefore, the height of the sand bar for Cumberland Island is not relative to a 

rip current channel, but is determined based on a projected profile. 

 The beach profile for Lido Beach, Sarasota, appears erratic.  However, this can be 

explained by the axis of the graph as well as the timing that the profile was conducted.  

The distance axis for the beach profiles range from 90 meters on Lido Beach to 150 

meters on Cumberland Island.  These distance axis are horizontally squished to fit to the 

page, which exaggerates the vertical components of the profiles.  On November 9, 2012, 

the beach profile survey was conducted for Lido Beach.  At this time, Lido Beach was 

experiencing strong waves due to a tropical storm and a recovery sand bar migrating 

onshore (Stephen P. Leatherman, personal observations).  A recovery bar is a 

phenomenon that occurs after a tropical storm or hurricane rapidly erodes the sand 

from the beach and deposits the sand offshore as a sand bar.  After this sand bar is in 

place offshore, it will begin to migrate onshore to rejoin the berm of the beach, and is 

called a recovery bar.  The tropical storm waves can erode a beach in a day, giving it a 

winter profile overnight, and the summer waves can push the recovery bar to rejoin the 
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berm in less than a week.  This is very similar to the seasonal changes that occur to the 

sand bar and berm of a beach, except in a much smaller timeframe.  Due to this, the 

sand bar height relative to channel depth for Lido Beach may not be well represented in 

this study, but the height obtained does match expectations. 
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Figure 16- Pensacola Survey Data.  Pensacola Beach shows a large sand bar at around 40 meters distance with a sand bar height of 
0.9 meters relative to the channel depth. The sand bar height is denoted by the vertical arrow. 
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Figure 17-Miami Survey Data.  Miami Beach shows a medium sized bar at around 30 meters distance with a height of 0.6 meters 
relative to channel depth. The sand bar height is denoted by the vertical arrow. 
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Figure 18- Lido Survey Data.  Lido Beach shows a small bar located at around 39 meters distance with a height of 0.35 m compared 
to the channel depth.  The sand bar height is denoted by the vertical arrow.  
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Figure 19- Cumberland Survey Data.  Cumberland Island Beach shows a very small and flat bar at around 105 meters distance with a 
height of 0.25m with no rip channel present. The sand bar height is denoted by the vertical arrow. 
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Table 3- Sand Bar Height Relative to Channel Depth for each Beach. 

Beach Sand Bar Height Relative to Channel (m) 

Pensacola Beach 0.9 

Miami Beach 0.6 

Lido Beach 0.35 

Cumberland Island Beach 0.25 

  

The rip current hazard at each beach is determined by the number of rip current rescues 

per beach, per million visitors.  The statistics for Miami Beach and Lido Beach were obtained 

through the United States Lifesaving Association (Tables 4 and 5).  The USLA statistics for Lido 

Beach were obtained from the years 2004, 2005, 2007, 2008 and 2009, whereas the statistics 

for Miami Beach were obtained in 2011.  Lido beach experienced an average of 52.8 rip current 

rescues in those years, with an average of 4,309,939 visitors (Table 4).  Miami Beach 

experienced 234 rip current rescues, and had an attendance of 13,268,841 visitors (Table 5).   

Pensacola Beach’s lifeguards are not part of the United States Lifesaving Association.  

Between 2004 and 2009, 759 swimmers were rescued at Pensacola Beach according to Houser 

et al. (2010). This averages out to 152 rescues per year during that time period.  According to 

the USLA, the Florida Panhandle is the “worst place in the nation for beach drowning” and 

approximately 80% of all rescues are caused by rip currents.  The number of rip rescues per 

year can be averaged to approximately 121.6.  According to the Pensacola Beach Convention 
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and Visitor’s Bureau, annual beach attendance in 2009 for Pensacola Beach was 3,843,766.  The 

Pensacola Beach rip rescues and attendance is displayed in table 6.  

Cumberland Island Beach has no recorded rip current rescues or deaths.  This beach has 

an annual attendance of only 45,000 visitors per year, according to the National Parks 

Conservation Association (2013).  Cumberland Island Beach is part of Cumberland Island 

National Seashore, which is a national park and is only accessible by boat, with a limit of 300 

visitors per day.  This leads to the low visitation number on Cumberland Island Beach.  Table 7 

displays the rip rescues and annual attendance for Cumberland Island Beach. 

 Table 4- Lido Beach Rip Rescues and Visitation Numbers (obtained from www.usla.org). 

Year Attendance Total Rip Surf 

2004 4,149,915 63 42 21 

2005 4,321,023 49 31 18 

2007 4,555,485 119 92 27 

2008 4,073,065 783 57 721 

2009 4,450,207 957 42 910 

Average 4,309,939 394.2 52.8 339.4 

 

Table 5- Miami Beach Rip Rescues and Visitation Numbers (obtained from www.usla.org). 

Year Attendance Total Rip Rescues Surf 

2011 13,268,841 261 234 27 
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Table 6- Pensacola Beach Rip Rescues (Houser et al., 2010) and Visitation Numbers 
(www.visitpensacola.com). 

Year Attendance Rip Rescues 

Averaged from 2004-2009 3,843,766 121.6 

 

 

Table 7- Cumberland Island Beach Rip Rescues (Dean, 2010) and Visitation Numbers 
(www.npca.org). 

Year Attendance Rip Rescues 

Each Year 45,000 (from NPCA) 0 

  

Table 8 presents the rip rescue statistics for all beaches normalized by population.  The table 

displays the average number of rip current rescues per year, per million visitors.  

 

Table 8- Rip Rescues per One Million Visitors for each Beach. 

Location Rip Rescues per 1,000,000 

visitors 

Pensacola Beach 31.64 

Miami Beach 17.64 

Lido Beach 12.25 

Cumberland Island Beach 0 
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Another source of data for assessing rip current hazard was the National Climatic Data 

Center’s (NCDC) storm data.  The NCDC is a national organization that collects and stores large 

datasets of climatic information.  The NCDC has a storm dataset that shows the reported 

injuries and deaths caused by storm phenomena.  Included in these data are the reported 

deaths and injuries from rip currents.  This data set is not complete and is known to 

underreport casualties and damage estimates (Ashley and Mote, 2005).  However, it has been 

used by others and proven useful in determining rip current fatalities (Genisi and Ashley, 2010). 

According to the National Climatic Data Center’s storm data from 2000 to 2012, 21 rip deaths 

occurred at Pensacola Beach, 8 at Miami Beach, and none at Lido Beach or Cumberland Island 

(Table 9).  

 

Table 9- National Climatic Data Center Storm Data. This table shows national rip current deaths 
from 2000-2012 (retrieved from www.ncdc.noaa.gov.). 

Location Year Deaths by Rip Currents 

Pensacola Beach 2000-2012 21 

Miami Beach 2000-2012 8 

Lido Beach 2000-2012 0 

Cumberland Island Beach 2000-2012 0 

  

Additionally, average significant wave height was determined for all areas using the U.S. 

Corps of Engineers Wave Information Study.  This study uses previous wind speed and direction 

data to hindcast surf conditions.  The dataset is available from 1980 to 1999, and has hundreds 
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of data stations in the Gulf of Mexico and Atlantic coast.  The data displays a mean significant 

wave height for each station.  The mean significant wave height was averaged from 1980 to 

1999 for each study area using the closest data station.  The results are displayed below in table 

10. 

 

 Table 10- Mean Significant Wave Height for each Location.  Averaged from 1980 to 1999 
(Jensen, 2010). 

Location Average Significant wave height from 1980-

1999 (meters) 

Cumberland Island Beach 1.02 

Pensacola Beach 0.919 

Miami Beach 0.893 

Lido Beach 0.713 
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Chapter 6: Discussion and Conclusion 

 The mean significant wave heights from the U.S. Corps of Engineers Wave Information 

Study (Jensen, 2010) showed Cumberland Island Beach to have the highest wave height at 1.02 

meters, followed by Pensacola Beach at 0.91m, Miami Beach at 0.89m, and Lido Beach at 0.71m 

(Table 10).  The stations used to record these data are located offshore at varying depths.  This 

creates a problem for accurate comparison of wave heights for these locations.   

Rip currents are a nearshore coastal process which typically extends only hundreds of 

meters offshore at the most.  However, the data stations from the US Corps of Engineers are 

located thousands of meters offshore.  By using wind speed, direction, and fetch distance, the 

US Corps of Engineers can simulate wave heights at each station.  However, as a wave 

propagates towards land, it begins to “feel bottom”, meaning that the wave is in shallow 

enough water to begin to be affected by the bottom bathymetry, and the wave will steepen 

until it collapses, or “breaks”.  Cumberland Island Beach is located in the Georgia bight, which 

has the longest continental shelf on the east coast, extending almost 400 miles offshore.  This 

long continental shelf is the reason for the very shallow slope of Georgia’s coast.  As the waves 

propagate towards land, they start to break due to the shallow slope of the continental shelf.  

This results in significantly lower wave heights nearshore than offshore, which can explain the 

large wave heights measured at the data station offshore of Cumberland Island Beach.   

Georgia also has very fine sand, and the lowest sand bar heights of all the study areas.  

Fine grain sand and small sand bars are indicative of lower wave energy.  In fact, Cumberland 



 

44 
 

Island Beach was found to have a average annual wave height of only 0.6 meters at a buoy 

located 15 km offshore (Dean, 2010). 

 The bathymetry of the ocean affects this wave height data in all locations, not just in the 

Georgia bight.  Miami has the narrowest continental shelf of all the study areas, which only 

exceeds a few kilometers offshore.  This would normally allow large ocean waves to propagate 

to shore without being slowed down or broken, but this is not the case.  Miami Beach is 

shielded from the large ocean waves by the Bahamas, which explains the relatively small waves 

on Miami Beach compared to much larger waves in Palm Beach north of Miami. 

 Pensacola Beach and Lido Beach are both located in the Gulf of Mexico, which is known 

for smaller waves than the Atlantic coast.  Lido Beach and Pensacola Beach both are on the very 

wide continental shelf bordering the west coast of Florida.  However, it is much narrower off of 

Pensacola Beach in the panhandle of Florida.  Furthermore, Pensacola typically experiences 

stronger waves due to storm events.  Tropical storms formed in the Caribbean usually head 

northward, bringing stronger swell type waves towards the panhandle of Florida.  Similarly, 

large frontal system rarely extend far enough south to create large waves for Lido Beach, but 

this is much more common at Pensacola Beach.   

Determining rip current hazards for all locations depends on many factors.  The most 

important factor in determining the strength of a rip current is the wave heights over the bars, 

as energy of the wave is proportional to the square of the wave height (Bowen 1969).  Based on 

the Wave Information Study (Jensen, 2010), we can determine the wave heights for all beaches 

at the locations of the data stations.  However, the wave heights at the data stations do not 
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reflect the actual wave heights that break over the sand bars.  From field observations, it was 

seen that Pensacola Beach and Miami Beach had similar wave heights, with Lido Beach having 

significantly lower waves, and Cumberland Island Beach having the lowest waves.  Accounting 

for the width of the continental shelf at these locations, this was to be expected.  The wave 

height data at the data stations almost reflected this observation, with the exception of 

Cumberland Island, GA.  However, data from a buoy closer to shore measured annual wave 

heights of only 0.6 meters, which does match expectations. 

High waves alone are not enough to form a rip current, as sand bars must be present for 

the formation of a rip.  Factors that this field study analyzed in determining rip current hazard 

was sand bar height.  By traveling to each location and taking survey lines, the profiles of all the 

beaches were recorded.  Comparing the sand bar heights by beach, it was found that Pensacola 

Beach had the largest bars, followed by Miami Beach, then Lido Beach, and finally Cumberland 

Island Beach.  The results of the data show a positive correlation between sand bar height and 

rip current rescues per million visitors.  Additionally, the National Climatic Data Center’s (NCDC) 

storm data shows that the number of deaths due to rip currents is highest in Pensacola Beach, 

followed by Miami Beach.  While the NCDC’s storm dataset is not complete, it has been proven 

accurate enough to be used in rip current fatality comparisons (Genisi and Ashley, 2010).  These 

results also show a positive correlation between rip current deaths and sand bar height. 

Therefore, based on the rip current rescue statistics and the NCDC’s storm data, the rip 

current hazards were found to be greater on beaches with higher sand bars.  Currently, the 

National Weather System’s rip current forecast does not include sand bar height in their 



 

46 
 

models.  This field study has shown that sand bar heights are important factors in determining 

rip current hazard on beaches, and rip current forecasts should include this factor in their 

models.  This is very important in the case of two beaches with similar wave heights but 

different sand bar sizes.  In these cases, rip current hazard could increase greatly on the beach 

with the higher sand bars, but will not be forecasted by current prediction models. 

Furthermore, including sand bar height in rip current models will make the forecasts 

specific to each beach instead of a large region.  This will help in the accuracy of the forecasts, 

and can eventually include other beach-specific factors in the models to further increase the 

accuracy of the forecasts.  Rip currents take hundreds of lives each year in the United States 

alone and account for more deaths than hurricanes, tornadoes or lightning strikes (Brander and 

McMahan, 2011).  There is clearly a need for better or more accurate rip current forecasts. 
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