











Buoy 41010- 222 km East of Cape Canaveral
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Figure 12.1c Significant wave height (m) - Buoy 41010 Atlantic Ocean Florida - 222 km east of
Cape Canaveral.
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Figure 12.1d Significant wave height (m) - Buoy 44025 Atlantic Ocean, New York — 56 km south
of Islip, NY.
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12.1 Wave Frequencies

Figure 12.2, the wave height frequency at buoy locations, shows the number of reports or
observations and the associated wave height up to 5 m. The Gulf of Mexico Buoy 42039 had the
highest number of zero observations with over 600, and the highest frequency of wave heights was
0.4 m with 8263 observations. The highest frequency for the Atlantic — New York Buoy 44025
was 0.8 m with nearly 7000 observations and a slight secondary peak at 1.1 m. The Atlantic —
Florida buoy 41010 had a broader range of maximum frequency between 0.9 m and 1.2 m. The
Pacific Ocean — California Buoy 46047 had fewer smaller wave heights and a greater number of
wave heights above 2 m than the other locations. The highest frequencies, above 5000
observations, were from 1.6 m to 1.8 m. Although it is not shown on the graph, the Gulf of Mexico
buoy had the highest frequency of extreme waves above 8 m. Tables 12.1 and 12.2 show the wave
height quantiles and frequencies for the four buoys and reflects the frequencies shown in Figure

12.2 that were rounded to the nearest whole meter.
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Figure 12.2 Wave height (m) frequencies at buoy locations (truncated at 5 m).
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Figure 12.3 shows the wave period frequency at the four buoy locations. The periods were
rounded to the nearest second. The Gulf of Mexico Buoy 42039 had the highest number of lower
wave period observations peaking at 6 s. The Atlantic Florida buoy had a peak at 8 s. The Atlantic
New York buoy had a bimodal distribution with peaks at 6 s and 8 s. The Pacific Ocean — California
Buoy 46047 had a very broad distribution of longer wave periods than the other locations with
several peaks at 8s, 11's, 14 s, 17 s and 20 s. The highest frequency for the Pacific Ocean buoy

was at 14 s.
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Figure 12.3 Wave period (s) frequencies at buoy locations.
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Table 12.1 Wave height quantiles (%) for the four buoy locations.

Table 12.2 Wave height frequencies for the four buoy locations.




12.2 Buoy Descriptive Statistics

Table 12.3 shows the descriptive statistical measures for wave height, which include the
central tendencies, variability, and profile shape indicators for the four buoys. The mean was
highest (2.173 m) for the Pacific California record and lowest for the Gulf of Mexico (1.024 m).
The mean standard error is small for these four samples because N > 84,000. The mode for the
Gulf of Mexico was only 0.4 m indicating the tendency for smaller waves. The standard deviation
of 0.860 m is highest for the Pacific buoy, indicating more of a range from the mean, and it is
lowest for the Atlantic — New York buoy at 0.715 m. The data sets are all positively skewed with
the bulk of the observations at the lower end of the spectrum. Kurtosis values indicate the shape
of the distribution (flat or peaked) to that of the normal distribution. The kurtosis for the four buoy
locations shows leptokurtic distributions. The Pacific California buoy has the lowest value which
indicates this is closer to the shape of a normal distribution than the others. The Gulf of Mexico

buoy has the highest kurtosis value indicating a more peaked distribution.

Table 12.3 Descriptive statistical measures for wave height (m) for the four buoy locations.

Pacific Gulf of Atlantic Atlantic

California Mexico Florida New York
Mean 2.173 1.024 1.544 1.278
Standard Error 0.003 0.003 0.003 0.002
Median 2.0 0.8 14 1.1
Mode 1.7 0.4 1.1 0.8
Standard
Deviation 0.860 0.750 0.812 0.715
Sample Variance 0.739 0.562 0.659 0.511
Kurtosis 2.107 13.899 4.858 3.595
Skewness 1.199 2.501 1.618 1.552
Range 8.7 12.1 10.2 6.1
Minimum 0.000 0.000 0.000 0.000
Maximum 8.7 12.1 10.2 6.1
Count (N) 89024 87779 92413 84503
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Table 12.4 shows the descriptive statistical measures for wave period. The mean was
highest (12.03 s) for the Pacific California measurements and lowest for the Gulf of Mexico (5.61
s). Similar to the wave height, the mean standard error is small for these four samples because of
the large number of observations. For the Gulf of Mexico, the average, median, and mode were
within one second at 5.61 s, 5.56 s and 6.25 s respectively. The means for the Atlantic Florida and
Atlantic New York buoys were 8.09 s and 7.30s, with the same modes of 9.09 s. The standard
deviation of 3.383 s for Pacific California buoy is the highest of all with the Atlantic Florida and
New York buoys at 2.256 s and 2.487 s. The lowest standard deviation was in the Gulf of Mexico
with 1.558 s. The data sets are all positively skewed, with a greater number of lower wave period
measurements than higher wave period measurements. The kurtosis value for the California buoy
location indicates a broad distribution. The kurtosis for the Gulf of Mexico and Atlantic Florida
buoy locations shows leptokurtic distributions and to a lesser degree for the Atlantic New York

buoy location.

Table 12.4 Descriptive statistical measures for dominant wave period (s) for the buoy locations.

Atlantic

Pacific Gulfof | Atlantic New

California | Mexico | Florida York
Mean 12.03 5.61 8.09 7.30
Standard Error 0.011 0.005 0.007 0.008
Median 12.12 5.56 8.33 7.14
Mode 14.29 6.25 9.09 9.09

Standard

Deviation 3.383 1.558 2.256 2.487
Sample Variance 11.446 2.428 5.090 6.183
Kurtosis -0.561 2.229 0.216 0.188
Skewness 0.103 0.570 0.418 0.625
Range 25 20 14.53 19.05
Minimum 0 0 2.86 0
Maximum 25 20 17.39 19.05
Count (N) 95363 85500 96432 87444
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Tables 12.5a-d show the wave height tests for location assuming the null hypothesis
Mu0=0. Because these large samples are very representative of the population, the p-values are
very low and the Student’s t values are very high. The results indicate a very low p value linked to
the very high number of samples. Therefore the null hypothesis is rejected at the 5 percent level of

significance.

Table 12.5a Pacific Ocean California tests for location: Mu0=0.

Table 12.5b Gulf of Mexico tests for location: Mu0=0.

Test Statistic p Value

Student's t t 351.1623 Pr> [t <.0001
Sign M 32040.5 Pr>=|M| <.0001
Signed Rank S 1.0266E9 Pr >=|S| <.0001

Table 12.5¢ Atlantic Ocean - Florida tests for location: Mu0=0.

Table 12.5d Atlantic Ocean - New York tests for location: Mu0=0.

The SAS System analysis of variance, or ANOVA Procedure, was used with significant
wave height as the dependent variable (Table 12.6). The ANOVA is used instead of computing
several sets of two-sample t-tests that would increase the chance for type I error. The ANOVA

provides an indication that the means of several groups are all equal or not, and abridges the t-test
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for more than two groups. The ANOVA results also indicate a very low p-value linked to the very
high N value. Therefore the null hypothesis is rejected at the 5 percent level of significance. The
F value which is the between group variability / within group variability is also much higher than

the critical F value of 0.043, and therefore the null hypothesis is rejected.

Table 12.6 ANOVA results for the four buoy samples.

24715.6

54802.68

3 18267.56

344208 254407.46 0.74

344211

309210.14

12.3 Relationship of Drownings to Wave Characteristics

Regression analyses were run for wave characteristics over a 10 year period for Alabama
and Florida Panhandle beaches where the waves were often less vigorous. Those regression
analyses provided no significant results. The wave data were pared down to only daytime hours
and to only the months that drownings occurred — also with no significant results.

The descriptive statistical measure for the 24 hours of wave height measurements during
the drowning event days are listed in Table 12.7. This shows that the average significant wave
height increases to over 1 m occur on days when people perish in rip current drownings. The

averaging of many cases will lower the most important significant wave heights during the day of
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the drownings. The mean wave heights range from the lowest of 1.06 m in New Jersey to 2.42 m
in Southern California. The median and the mode are lower from the mean in Southwest Florida
and the standard deviation is higher than any other location, indicating the brief nature of the wave
activity. This location also has the broadest range of confidence interval at 0.14. The Monterey
area buoy with only four cases is not shown.

Table 12.8 shows the descriptive statistical measures for the 24 hours of dominant wave
period (s) readings during the drowning event days. Southern California stands out with the longest
periods. In the Gulf of Mexico, the mean periods are between 6 and 7 s. In the Atlantic Ocean, the
mean periods are in the 7 to 9 s range. The standard deviation was over 3 s for Southern California
and under 1 s for Texas where the wave periods vary less on drowning event days. Interestingly
the minimum periods reported were just over 5 s for Southern California, but 4 s or under
elsewhere. The maximum period reported during the Texas and Alabama days with drownings

was under 10 s and elsewhere over 11 s.

Table 12.7 Descriptive statistical measures for wave height for drowning event days.
Wave Height CA TX AL FL FL FL SC NC NJ NY

S Pan SW E

Mean 2.42 146 164 127 135 149 152 122 1.06 1.19
Standard Error 0.03 0.03 0.03 0.02 0.07 0.03 0.03 0.02 0.02 0.02
Median 2.33 139 164 110 0.79 1.45 138 1.19 0.96 1.16
Mode 1.37 141 130 089 026 1.52 1.11 081 1.10 1.02
Standard 0.88 0.45 063 066 1.20 0.59 0.57 0.37 0.52 0.39
Deviation

Sample 0.77 0.20 039 043 1.44 035 032 0.14 0.27 0.15
Variance

Range 4.61 245 256 3.77 498 359 283 1.89 3.20 2.01
Minimum 1.00 0.70 037 0.29 0.21 0.48 0.76 0.57 0.38 0.43
Maximum 5.61 3.15 293 406 519 4.07 3.59 246 3.58 244
Confidence 0.07 0.07 0.06 0.05 0.14 0.06 0.06 0.04 0.04 0.04

Level (95.0%)
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Table 12.8 Descriptive statistical measures for dominant wave period (s) for drowning event days.
Wave Period CA TX AL FL FL FL SC NC NJ NY

S Pan SwW E

Mean 1225 6.65 6.79 6.72 6.09 834 769 887 877 7.86
Standard Error 0.13 0.07 0.07 006 0.12 0.12 009 0.16 0.12 0.09
Median 1231 6.67 6.67 667 588 833 7.69 833 833 7.69
Mode 1429 7.14 833 7.14 7.14 833 833 833 9.09 7.69
Standard 339 087 129 153 2.06 221 165 3.00 290 1.82
Deviation

Sample 11.52 0.76 166 233 425 489 271 903 840 330
Variance

Range 1474 524 576 11.35 855 11.11 850 12.67 13.57 10.16
Minimum 526 385 333 294 256 370 400 333 313 274
Maximum 20.00 9.09 9.09 14.29 11.11 14.81 12.50 16.00 16.70 12.90
Confidence 026 0.13 0.13 011 0.24 024 017 031 0.24 0.17
Level(95.0%)

In addition to the average analysis for each location, the maximum wave heights on each
of the drowning days were collected and averaged (Table 12.9). The maximum significant wave
heights for the Monterey area rip current drownings were much higher (5.0 m) than all other
locations and so were the dominant wave periods (15-20 s). The waves of that magnitude were
vigorous enough to sweep people off the beach and carry them into the cold water to their deaths.
The average maximum significant wave heights, and associated dominant and average periods, for
Southern California drowning events were also higher than any of the Gulf of Mexico or Atlantic
Ocean buoy measurements. The Florida Panhandle and Alabama buoys had the highest average
maximum significant wave heights, around 2 m, in the Gulf of Mexico and the Atlantic Ocean.
The dominant wave periods were moderate to low compared to other locations. New Jersey had
the lowest average maximum significant wave heights (1.4 m) in the areas studied in the Atlantic
Ocean and the Gulf of Mexico and had a more moderate average dominant wave period of 11.1 s.

New York also had an average maximum significant wave height at 1.5 m. The lowest average
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maximum dominant periods were in the Gulf of Mexico at the Southwest Florida, Alabama, and
Texas buoys. All of these values are higher than the long term average wave heights and periods
noted in Tables 12.3 and 12.4 and in the long term averages for each buoy in the respective

chapters.

With all other conditions the same, a longer period wave will result in a larger breaking
wave at the beaches. In other words, longer period waves that are smaller will provide similar
impacts on rip current strength in the surf zone. With that notion, a simple formula was developed

and will be tested on future cases.

To gain a more comprehensive value when considering the wave height (H) and period

(T), the wave length (L) was determined by:

L = T%g/2n (Eq. 12.1)

The cross-section pseudo wave area (Ac) was determined by:

Ac=H*L (Eq. 12.2)

Considering the maximum pseudo wave areas computed from average wave height and period on
the days with rip current deaths (Table 12.10), the lowest values of cross-section area were in the
Gulf of Mexico with an average of 108 m?. The Atlantic area had an average of 165 m? and

Southern California with 606 m2.
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Table 12.9 Average maximum significant wave height, dominant period, and average period.

Buoy Location Buoy Average Average Average
Number Maximum  Maximum Maximum

Height (m) Dominant = Average
Period (s)  Period (S)

Monterey 46042 5.0 15.2 10.4
S. California 46047 2.9 13.9 8.5
Texas 42019 1.8 7.4 5.3
Alabama 42040 2.0 7.3 5.2
Florida 42039 2.1 9.0 5.9
Panhandle
Southwest 42036 2.0 7.4 54
Florida
Southeast Florida 41010 1.6 9.0 5.6
East Florida 41010 1.9 10.0 6.4
South Carolina 41004 1.8 9.0 5.8
North Carolina 41025 1.6 10.1 6.4
New Jersey 44009 1.4 11.1 6.4
New York 44025 1.5 9.3 6.3
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Table 12.10 Pseudo wave area (m?) from average hourly wave height and period on days with rip
current deaths.

Location Buoy Pseudo
Wave Area
(m?)
Florida Panhandle 42039 98.5
Texas 42019 104.6
Southwest Florida 42036 114.2
Alabama 42040 115.3
New York 44025 127.6
New Jersey 44009 146.9
Southeast Florida 41010 153.0
North Carolina 41025 158.8
South Carolina 41004 174.1
East Florida 41009 191.8
Southern California 46047 605.7
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CHAPTER 13: DISCUSSION AND CONCLUSIONS

The goal of this rip current research is to avert tragedy. While families should have had a
wonderful day at the beach, many lives have been needlessly lost to rip currents over the years.
The physical aspects of rip current drownings, such as trends in wave height and period, tides, and
beach areas were explored in this research. The social aspects of rip current drownings were also
explored, including: the victim’s age and sex, common behavioral characteristics, and the event
chronologies. The American Meteorological Society (AMS 2014) released a Professional
Guidance Statement stating the need for more research that combines physical and social science
elements to help reduce vulnerability to natural hazards. Some suggestions were also made for
additional fields to be added to official rip current reports that may lead to a greater understanding
of the rip current drowning dilemma. Furthermore, some simple modifications can be made to rip
current literature and signage that will help save lives. Finally, some recommended actions that

could be taken by municipalities are mentioned.

13.1 Physical Aspects Associated with Rip Current Drownings

Rip currents may be elusive or a well-known artifact of a beach. Rip current time scales
vary from a few seconds in a flash rip, absent of a rip current channel, to a semi-permanent rip

current feature associated with a structure such as a jetty. Rip currents are influenced by several
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factors including: beach location (reefs, rocks, sand type, and beach slope), tide, wave

characteristics (height, period, frequency, and shoaling characteristics), and how these interact.

13.2 Wave Characteristics

Typical wave measurements from offshore deep water buoys are analyzed through
algorithms to calculate the significant wave height, dominant period, and average period. Many
factors are important including the location of the buoy in relation to beach areas and the
bathymetry, particularly the length and depth of the continental shelf and the beach area itself
including sandbar structure and manmade structures. It is not possible to attribute any single wave
measurement to a particular drowning incident. Furthermore, the significant wave height is the
average of the one-third highest waves. That means that the highest waves may be higher than the
significant wave height by a factor of 2. Those maximum wave heights are not included in the

buoy data.

Significant wave height (m) was examined from four NDBC buoys to study differences in
wave heights in the Pacific Ocean, Gulf of Mexico, and the Atlantic offshore from Florida and
New York. Over 10 years of hourly buoy data reports, with over 84,000 individual observations
for each buoy, were used to examine the differences in wave height distributions. California had
the highest average of wave heights but the lowest extreme, while the Gulf of Mexico had the
lowest average wave height but the highest wave events that were associated with hurricanes. The
results from running the SAS ANOVA procedure indicate a very low p value linked to the very
high N value. The null hypothesis was rejected at the 5 percent level of significance with the F

value much higher than the critical F value. No significant relationships were found using a
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regression analysis comparing drownings to wave characteristics. The variability of the human

element makes the analysis more divergent.

The average significant wave height increased to over 1 m on days when people perished
in rip current drownings. The maximum wave heights on each of the drowning days varied by
location. For the Monterey area, the wave heights (5.0 m) and dominant wave periods (15.2 s)
were much higher than all other locations, which is higher than the highest long term buoy average
of just under 3 m and 13 s which occur in the winter months. The wave characteristics for Southern
California drowning events were also high, with wave heights of 2.9 m and periods of 13.9 s.
Those numbers are just slightly higher than the long term buoy averages during the winter months
of 2.5mand 13 . In the Gulf of Mexico, the Florida Panhandle and Alabama buoys had the highest
average maximum significant wave heights, around 2 m but the dominant wave periods were
moderate to low compared to other locations. These measurements were higher than the average
swell height of 0.7 m, but closer to the 6-7 s wave periods that Mollere et al. (2001) found in the
18 cases studied. The long term average wave heights for the Alabama buoy during the months
that drownings were reported were 1 m or less with periods less than 6 s. The lowest average
maximum significant wave heights of 1.4 m were at the New Jersey buoy, but the average
dominant wave period was a moderate 11.1 s. The long term wave height averages for the New
Jersey buoy were lower during the months of drownings, and ranged from 1.3 during May to 0.8
m in June and July and back up to 1.2 m in September. The long term wave periods were several
seconds lower around 8 s. The average maximum significant wave height for the New York buoy
was 1.5 m with a period of 8.2 s, both of which were slightly higher than the long term averages.
Southwest Florida, Alabama, and Texas buoys had the lowest average maximum dominant

periods. Interestingly, the values of wave height and dominant period were higher in this study
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than what Engle (2003) found. Engle noted that wave heights ranging from 0.45 to 0.85 m resulted
in more rescues by lifeguards and that fewer people were in larger surf. The difference may be that
this study looked at drownings instead of rescues. The maximum wave areas computed from wave
height and period on the days with rip current deaths indicated that the lowest values were in the
Gulf of Mexico with an average of 108 m2. The Atlantic Ocean area average was 165 m? in, but

Southern California was much larger at 606 m?.

13.3 Wave Development Areas

Another factor in producing the swells that lead to rip currents is the longer term forecast
of changes in the typical source regions of the swells. Some cases are obvious and linked to more
dynamic systems like tropical storms and hurricanes, mid-latitude low pressure areas, or strong
areas of high pressure. Most of the cases occur during the summer when weather patterns are weak.
It is often the subtle movement and intensification of the Atlantic or Pacific subtropical high that
creates a fetch leading to moderate waves that have enough power to create strong rip currents.
The broad scale weather patterns that generate the incoming swells at the beach vary with latitude.
Over the southern areas, it is an increase in the pressure gradient of the subtropical high pressure
area that creates a longer and stronger fetch region. Near the California coast it is the pressure
gradient on the east side of the subtropical ridge that often sends swells to Southern California. In
the Gulf of Mexico it is the extension of the ridge westward and increasing gradient of the Atlantic
subtropical high that generates swells. For Florida the gradient on the southern side of the
subtropical high increases to produce higher swells. For northern California and northward along
the east coast, the patterns indicate more transient areas of low pressure. For northern California it

is low pressure over the North Pacific that produces large swells. For the Eastern Seaboard, the
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wave producers are often tropical and extratropical cyclones. The operational wave models are

only as good as the global spectral model that drives the surface wind stresses that create the waves.

13.4 Tidal Influences

Except for the New York beaches, this research compares favorably to other more localized
studies (McKenzie 1958, Longuet-Higgins and Stewart 1964, Sonu 1972, Brander 1999, Brander
and Short 2001, Mollere et al. 2001, Dronen et al. 2002, MacMahan et al. 2005) that indicated rip
currents increase in strength when the tide is outgoing or low. The New York drownings were
most prevalent at Long Beach and Rockaway Beach. Both of these beaches have many short rock
groins extending into the ocean that create adjacent deep channels favorable for rip currents. At

lower tides when these groins are fully exposed they may be less of a factor.

13.5 Beach Characteristics

Many factors may influence decisions on which beach to visit for an outing or vacation.
Several common features were seen in aerial images and may attract similar minded people to a
beach. These common features included hotels, large parking lots, and points of interest, such as
piers. Natural features at the beach that may affect rip current development and strength area
varied. Bar gaps or a crescentic beach with transverse bars jutting into the water provide channels
for rip currents if other aspects are in place. Deep areas between bars can create a hazard if a non-

swimmer is pulled into that area by a rip current. A low beach gradient allows more water to collect
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in the shallow areas during wave sets. As the set waves wane, the collected water that runs out

through channels creates or intensifies rip currents.

13.6 Social Aspects Associated with Rip Current Drownings

The social aspects of rip current drownings are just as relevant as the physical aspects.
During the period of this study, 517 rip current deaths were reported, and because of
underreporting, that number is likely higher. Of the victims whose sex was known, 87 percent

were male and 13 percent were female.

The average age of all the known victims was 33. The age groups that are more likely to
drown vary by region. Teenagers (10-19 years old) are in the most prevalent age group to die in
California, East Florida, New Jersey and New York. New York had the youngest average age of
victims at 23 years of age (Table 13.1). In Southwest Florida and Southeast Florida the average
age is over 40. The oldest average age is along the southeast coast of Florida at 44. Although the
total numbers are lower, the most prevalent age group of victims in Southwest Florida is 60-69

years old.

In most parts of the country, this is primarily a summer phenomenon, but in California and
Florida drownings have occurred during every month. Many people drown on major summer
holiday weekends (Memorial Day, Fourth of July, Labor Day). More people drown around the
weekend, but Sunday is the most prevalent day that rip current drownings occur. In Southeast
Florida, some warm months have fewer victims than other months. Is it due to the beach attendance
or is it because of fewer days with hazardous rip currents? The most prevalent time of rip current

drownings is during the midafternoon, but some occur during the morning, and some late at night.
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Table 13.1 Average ages of rip current victims.

Location Average Age
California 29
Texas 28
Alabama 33
Florida Panhandle 38
Southwest Florida 41
Southeast Florida 44
East Florida 36
South Carolina 33
North Carolina 35
New Jersey 27
New York 23

13.7 Beach Reports

It is clear from this research that the NWS reports are often miscategorized, lacking data,
or incorrect in the description of the event. The author is motivated to promote a better defined
structure and content for rip current drowning reports by the NWS. The author is an active
participant in determining a plan of action for a USLA/NWS/Sea Grant Rip Current Pilot Project
for interactive reporting between NWS forecasters and USLA officials. The goal of this project is
to have a daily exchange of information between forecasters and lifeguards leading to a greater
understanding of rip current forecasting and more detailed reports of rescues and drownings — if
they occur at a beach with lifeguards. Descriptions of participating beach areas will consist of
information on beach location, natural and man-made conditions that contribute to rip current
formation, description of seasonal changes in bathymetry, and baseline information. The primary

goal is to have a daily exchange of information between the NWS and USLA lifeguards. A
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proposed reporting frequency of twice per day (morning and evening) was determined for NWS

forecasts, and core criteria parameters for lifeguards to provide. Those core and optional lifeguard

reporting parameters are:

Core parameters

strength of rip currents (none, weak, moderate, strong); in context to the respective beach
surf height (average - highest breaking wave) (e.g. 2-4 feet)

observation date and time

today’s rescue activity (none, low, med, high) [seasonally adjusted]

water attendance (low, med, high) [seasonally adjusted]

comments (e.g. other hazards, slews, sandbars, water depth over the bar, bottom conditions
contributing to rip current formation)

reporter 1D

Optional parameters (if lifeguards can provide the information)

the number of rescues

the number of rescues attributable to rip currents

the peak time range of rescue activity

longshore/lateral current strength (none, weak, moderate, strong) and originating direction
(e.g. - from the south)

rip current quantity (low, med, high) relative to normal baseline

flag color - mainly Florida

photos and possible video

swell direction / angle of waves

surf zone water temperature
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o lifeguard predicted rip strength for the next 24 hours (none, weak, moderate, strong) (e.g.
the morning report might contain rip risk for current day, while the late afternoon report
might contain rip risk for following day)

This project will enhance the relationship between lifeguards and NWS forecasters and the

exchange of information will be invaluable for verification of rip current forecasts.

13.8 Education

The best rip current research in the world is useless unless it is used to make better
forecasts. The most accurate rip current forecast in the world is worthless unless there are
accompanying safety messages. The best rip current safety information is worthless if no one sees

it and it is not compelling enough to change behavior.

The goal is to turn this research into understandable safety information aimed at safety
professionals and to beachgoers. The National Drowning Prevention Alliance (NDPA) is
comprised of water safety professionals, scientists, and those who have lost loved ones to drowning
and their goal is to help avert tragedies when families visit water areas. The NDPA provides
outreach information and hosts annual meetings to bring a greater awareness to drowning issues.
The NWS also provides rip current information on web pages. The USLA is on the frontline
actually protecting beach visitors. The individual states, counties, and municipalities have the
power to make lifesaving changes. The media should be an active partner in disseminating
information, especially on high risk days. In the social science realm, it is important to learn the
effectiveness of safety information by obtaining feedback on safety programs, signage, and

literature.
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Like other hazards, some knowledge can assist in making life saving decisions. For
tornadoes, the recurring safety message is to seek shelter in a basement or interior room with no
windows, such as a bathroom or closet. For lightning safety, most people know to go inside, away
from trees and towers. For flash floods, the NWS slogan “Turn around don’t drown” suggests that
people not enter fast moving water. Unlike other hazards that may strike someone at home or work,
rip currents are avoidable. Fletemeyer and Leatherman (2010) indicate that rip currents may not
be recognized by the general public. If caught in a rip current, the safest place to be is at a
lifeguarded beach or wearing a personal flotation device, but nationally distributed signage does
not mention this.

A drowning is particularly tragic when the rescuer becomes the victim. This was
documented in about 11 percent of the cases and because of incomplete reports, this number is
likely higher. The current signage should have more information than how a strong swimmer
should escape a rip current. The existing signage is valid only if the person is a strong swimmer
and does not panic. One missing piece of information on signage is a recommendation to swim
near lifeguards, particularly for those unfamiliar with the ocean. Signs should also indicate where
the nearest beach with lifeguards is located. Signage should also indicate that children will be safer
in the water with an approved flotation device. Flotation devices are required for children on boats
—why not when they are in the ocean? Since so many would-be rescuers drown because of a lack
of information and training, another missing piece of information for beachgoers on signage is a
list of items that may aid in potential rescue of someone in distress when no lifeguards are present.
These items would be a plastic cooler, surfboard, boogie board, or similar item that floats. Signage

should also stress that rescuing a panicking person in the water is extremely dangerous.
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Beyond life-saving information, beach-goers should have tools that are available to
perform a rescue in the absence of lifeguards. Figures 13.1a-b show that the Welsh have installed
throw rings near water areas. Figure 13.1a shows one of many regularly spaced seaside throw
rings. Figure 13.1b shows a throw ring at a very small pond at an abandoned slate mine — almost
in the middle of nowhere. These should be a fixture on United States beaches. Throw rings are
required at all public pools in the United States — why not public beaches? Other devices are
available such as rescue tubes and rescue cans that are more adapted to ocean rescues. This
recommendation could go a step further by placing an alarm in the throw ring compartment that
sounds when the door is opened. This would not only alert other beachgoers, and possibly

lifesaving personnel, to a potential drowning victim but would also be a theft deterrent.

13.9 Limitations of this Study

One of the primary limitations associated with this study is the Storm Data reports. Many
of the Storm Data reports used for this study contained valuable information, but many lacked
detail. Many of the reports were incorrectly categorized as rip currents, such as someone falling
from a bridge, a boat capsizing, and drowning in smaller bodies of water that could not produce
rip current circulations. Some reports were somewhat ambiguous and could have been due to tidal
currents at an inlet or pass, and not rip currents. Even the more detailed reports lacked some data
that could be important such as the victim’s swimming ability, the presence of lifeguards, alcohol
use, and the actual cause of death (drowning, heart attack, etc.). The last two might only be

available from medical examiner records.
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Figures 13.1a-b Throw ring near the beach at Barmouth, Wales. b) Throw ring near a small pond
in an abandoned slate quarry in Wales.

To gather more complete reports, a new format should be instituted that has required fields
and all attempts should be made to gather the required information. In this information age, the
information is out there. To help provide the data, the author is working with a group of core
partners to provide better reports of beach and ocean conditions and details of rip current rescues

on a daily basis.

The other primary limitation with this study was the lack of specific ocean and weather
data at each beach area. The buoys with long term consistent data were chosen. The distance and
direction from the drowning locations varied. As mentioned previously, it is not possible to
attribute any single wave measurement to a particular drowning incident. The significant wave
height is an average of the highest third of the waves. The highest waves, which are more
significant, are not noted in the buoy data. Furthermore, the highest waves may be higher than the
significant wave height by a factor of two. Waves with longer periods may also not be significant

enough to be noted in the dominant period record.
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The NCEP/NCAR composite graphics reveal consistent atmospheric patterns in wave
generation areas, but the inconsistent strength and location of more transient systems will not
necessarily show a pattern. It is also important to note that the 2.5 degree resolution of the
NCEP/NCAR reanalysis graphics only shows broad patterns and not fine detail associated with

smaller scale systems such as hurricanes.

13.10 Areas of Future Work

On the physical side, a more detailed buoy analysis could be helpful. This analysis would
incorporate data from more buoys, including nearshore buoys, for the state or sub-state areas. A
more detailed buoy analysis using buoys with shorter records may limit the number of rip current
cases. Wave model data that is more widely available for recent cases can be used to associate
wave characteristics related to rip current drownings to provide greater insight into the evolution
of these events. Future work will also involve using a wave area calculated from wave height and

period.

On the social side, continuing partnerships with lifesaving agencies will provide a greater
dialog, and the two-way feedback will help each agency understand problem areas and ultimately
save beachgoers from drowning. Hopefully, in the future, those partnerships can be expanded to
governmental agencies that have responsibility for the beach areas. Working with those agencies

could be a catalyst for positive change of signage and lifesaving tools at the beach.

Future work could also include revamping the Storm Data reports to offer more information

on the drownings gathered from news reports. Those updated reports would indicate where the
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tourists were from, or if they were residents. Other useful information would be more detailed

numbers on beach attendance with a higher temporal resolution.

13.11 Final Comments

This study will help increase operational meteorologists’ awareness of rip current prone
days and will provide a guide for producing more comprehensive and longer term Surf Zone

Forecasts for the coastal ocean areas including:

e Longer lead times for notification of high risk rip current days

e More accuracy in forecasting the intensity of rip current hazards in the Surf Zone Forecast

e More detailed digital marine forecasts.

The resulting more accurate, longer term predictions, will provide important information
to coastal lifeguards and other public safety officials in the United States. This study will also be

useful in the social realm by providing information to bring about positive change.

What people learn at United States beaches may save their lives in other counties.
Unfortunately, in the two cases described below, college students were caught off guard and
unaware of the dangers lurking in the sea. During 2011, five students from Ohio were on a mission
trip in Costa Rica, working in orphanages and building churches for a week. The last day of the
mission trip was spent at the beach where they encountered a rip current that pulled all of them

out. Two of the students were saved by bystanders, but the other three drowned in the ocean. A

225



newspaper article posted on Thursday May 5, 2011, by Alex Leff, stated that the third body had

been recovered after U.S. teens drowned off Costa Rica’s Pacific coast.

Another drowning occurred in Costa Rica while a group of students was on a volunteer
service trip. One of the students was standing in waist to chest deep water and was pulled into
deeper water by a rip current and drowned. The student was Aly Zain Lakdawala (Figure 13.2),
and he had been on the mission trip teaching English, volunteering at an orphanage, and saving
sea turtle nests. The author received a stirring-motivating email from Jennifer Espinola regarding

this drowning.

“I have read about your work on rip currents in the USF Magazine and want to offer my
sincere gratitude for the impact your research can have. | work at USF as Director of the Center
for Leadership and Civic Engagement, and took a group of students on a volunteer service trip to
Costa Rica two years ago. One of our beloved students, Aly Lakdawala, got caught in a rip current
and drowned while we were there and it was the most devastating experience of all our lives. We
were warned about what rip currents are and told some basic techniques for avoiding and even
getting out safely, but it is obviously a much more threatening situation than most people probably
give credit to. Our students were wading in what felt like relatively calm waters up to their waists-
chests when the waves began and swept the group of four into aggressive currents. The other
three students barely made it out of the water, and we lost Aly. Rip currents took Aly two years
ago this past Monday - the same day | received a note in my email about your research. I honestly
could not believe the coincidence - it felt like a hopeful outcome of making a positive difference. |
tell you this story to offer you great support for the work you are doing. It is important and can
save lives. In fact, the surviving students and | have discussed the possibility of creating an online

video to share more information about rip currents/tides - what they are, where they happen and
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when, and what to do to avoid them or survive them if needed. If pieces from your research offer
this information and you are willing to share, | will gladly explore this idea again with the students.
Again, thank you for dedicating the time and effort to understanding this phenomenon, and to

shedding light that can help protect the lives exposed. It is critically impactful to our world.”

Figure 13.2 Aly Zain Lakdawala was on a mission trip to teach English, volunteer at an
orphanage and save sea turtle nests. (Photo USF)
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