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Abstract: There are currently no published data describing the kinetics of the heart rate (HR) response during frontside and
backside wave riding on a surfboard, or for wave riding bouts longer than 15 seconds. The purpose of this study was to
characterize the HR response of surfers performing frontside and backside wave riding in an artificial wave pool that allowed
surfers to ride waves for up to 60 seconds. It was hypothesized that HR response would differ between the two surfing
orientations, because their levels of complexity are perceived to be different by surfers. Twenty male (n=17) and female (n=3)
junior professional athletes (14.7 + 1.2 years old) participated in this study. Following parental consent, participants completed
a questionnaire and were instrumented with a HR monitor (Polar RCXS5 Sports Watch), which recorded HR at 1-second
intervals. Researchers initiated HR sampling prior to surfer participation in a one-hour surf session in an artificial wave pool
(Kelly Slater Wave Co) and synchronized HR with video recordings of wave riding. Seven subjects that did not ride at least
one frontside and backside wave were excluded from the analysis. The average duration of the wave ride was 33.2 + 8.4
seconds. Average and peak HR while wave riding was 174.1 £ 12.6 and 184.9 +13.0 bpm, respectively. There were no
significant differences in HR response or wave riding duration between frontside and backside directions. These results
provide insight into the cardiovascular requirements of wave riding in an artificial wave pool.
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between wave riding trials. Wave riding is also difficult to
study because surfers spend relatively little time engaged in
this activity. Average wave ride duration in the ocean has
been reported to be between 5 and 14 seconds per wave, and
observational data collected in the field suggests that wave
riding constitutes approximately 5 percent of the total time
spent surfing. [1-8] Recently, an artificial wave pool was
developed that generates repeatable, high-quality waves, with
durations of up to one minute (The Kelly Slater Wave Pool).
[9] The wave generated by this technology travels in both
directions in the pool, which allows a similar wave to be
ridden both frontside (facing the wave) or backside (back to
the wave). [9] The wave can also be adjusted to a desired size

1. Introduction

Several studies have described physical activity that occurs
during a typical surfing session, yet much remains unknown
regarding a surfer’s physiological response to wave riding
itself. [1-7] This is due, in large part, to the unique challenges
associated with making measurements in the ocean. Surfing
occurs in an environment that is inherently complex and
unpredictable; storms, swell direction, wind, bottom contour,
and tide are all factors that impact the shape of each wave.
These shifting forces of nature yield waves that vary
significantly in size, shape, and velocity, and these
differences preclude direct comparison of performance
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to accommodate different levels of surfer. These factors
effectively solve both of the primary challenges associated
with making measurements in the ocean and establish the
wave pool as an ideal location for scientific inquiry into the
physiological requirements of wave riding. A greater
understanding of the physiological response during this
activity may lead to improvements in an athlete’s training
and preparation for competition. Study of human
performance during wave riding may also help to inform the
design of surf competitions in wave pools that can facilitate
waves of longer duration.

The heart rate response during wave riding is one index of
human performance that may help athletes to understand the
physiological demands of this activity and lend insight to
their training. Interestingly, brief wave-riding bouts have
been reported to elicit average and peak heart rates of
approximately 140 and 190 beats per minutes, respectively.
[2-3, 6-7, 10] These findings suggest that wave-riding elicits
heart rate ranges indicative of moderate to high intensity
exercise. However, these data should be interpreted with
caution since the majority of studies sampled heart rate at a
frequency (5 to 15 seconds) that was lower than the duration
of the wave ride. [2, 6, 7, 10] Currently, no data exist with
sufficient time resolution and wave duration to thoroughly
characterize the kinetics of the heart rate response during
wave riding. Therefore, the purpose of this study was to
characterize the heart rate response of surfers performing
frontside and backside wave riding in the Kelly Slater Wave
Pool. Since existing data on wave riding are limited, it was
hypothesized that heart rate response would be different
between the frontside and backside surfing directions
because their levels of complexity are perceived by surfers to
be different. However, it is important to note that within the
surfing community there is little consensus as to which
direction is more difficult.

2. Materials and Methods

2.1. Participants

A total of twenty male (n=17) and female (n=3) junior
professional athletes sponsored by Hurley International,
ranging in ages between 10-17 years old, volunteered to
participate in this study. Written parental informed consent
and child assent were obtained and subjects were informed of
the benefits and risks prior to participation. All procedures
were approved by Institutional Review Board at California
State University, San Marcos (#863327-4). Participants
completed a one-page surfing history questionnaire, which
included questions pertaining to their current surfing activity
and experience level. In addition, weight was measured using
a SECA 874dr portable scale (SECA, Hamburg, Germany)
and height was self-reported by either the parent or
participant.

Data for 13 (male n=10 and female n=3) of the 20
recruited subjects were included in the final analysis.
Subjects were excluded from the analysis if they did not ride

at least one frontside and one backside wave. In addition,
waves with greater than 5% of heart rate data missing were
excluded from the analysis. The participant ranged in ages
between 12 and 17 years old, with an average age of 14.7 +
1.2 years old. On average, subjects were 163.0 + 6.0 cm tall
with a mass of 53.23 + 11.63 kg. Subjects reported an
average of 9.8 £ 2.2 years of surfing experience, and 15.92 +
9.37 hours of surfing per week.

2.2. Experimental Overview

Following completion of the child assent and parental
consent forms, subjects were instrumented with a Polar
RCX5 HR receiver on their wrist and T31 HR transmitter,
which was located around the chest below the pectoralis
major muscles (Polar Electro Inc., Lake Success NY).
Researchers initiated HR sampling immediately prior to
subjects participating in a one-hour surf session in an
artificial wave pool (Kelly Slater Wave Co., Lemoore, CA)
and recorded the start time to allow for video
synchronization. Over the course of the hour, researchers
observed the surf session through a live video stream and
recorded the exact time in minutes and seconds in which
wave riding was initiated and completed for each wave
ridden. Initiation of the wave ride was defined as the moment
when the subject’s hand released the rail of the board during
the pop up and completion of the wave ride was defined as
the moment that the bottom of the feet were no longer in
contact with the deck of the board. Following completion of
the surf session, HR data were uploaded using Polar
WebSync Software from the RCX5 HR receiver. In addition,
the live-stream time stamped videos of the surf session were
archived and synchronized with HR data. Videos were also
used to determine wave direction (right or left) and surfer
position (frontside or backside) during wave riding HR
analysis.

2.3. Statistical Analyses

Data reported are means + SD. Average and peak heart
rates, duration of ride, time to peak HR, and HR rate of
increase for both front and backside riding were calculated
for all waves. HR was expressed in absolute terms (bpm) and
as a percentage of age predicted maximal HR (220-age) for
each subject. Time to peak heart rate was calculated as the
time required to reach the first instance of a participant’s
peak HR for each wave. HR rate of increase was calculated
by finding the slope of a line that was fit to the first 15
seconds of HR data for each wave using least squares linear
fit. For the case where a participant surfed more than one
frontside and/or backside wave, the relevant features for each
wave were calculated and then averaged together for that
direction. All values were then compared between front and
backside waves using paired t-tests. A Bonferroni adjusted
alpha of 0.01 was used to determine significance. Data for all
waves (front and backside) were combined and fit with a 4"
order polynomial to be used as a means to predict HR
kinetics as a function of time spent riding a wave.
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3. Results

The 13 subjects in this study rode a combined total of 44
waves. Of these 44 waves, subjects rode 23 and 21 waves in
the frontside and backside orientation, respectively. Average
wave riding duration was 33.2 + 8.4 seconds and average

duration was not significantly different between frontside and
backside (35.0 = 11.5 vs 31.0 = 11.5 seconds respectively,
p=0.246).

The subjects’ average HR response during wave riding is
depicted in figure 1 and was best fit with a fourth order
polynomial:

P(x) = —1.2394 x 107°x* 4+ 0.0014x3 — 0.06x? + 1.6549x + 72.565

where P(x) represents the predicted HR and x refers to time
spent on the wave (R?=0.4647, standard error of the estimate
=5.87 bpm).
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Figure 1. The relationship between heart rate and time on wave. All waves
are presented here (n=44 waves, surfed by 13 athletes) with an average and

4" order polynomial fit. Heart rate is expressed as a percentage of
participants’ age predicted max.

Subjects’ average HR while wave riding (all waves
combined) was 174.1 = 12.6 bpm, which represented 85.3 +
0.1% of their age predicted maximal heart rate. The average
HR during frontside wave riding was 175.6 = 13.5 bpm
(85.5+ 6.6% of age predicted maximal heart rate) and was
not significantly different than the 172.7 £ 15.6 bpm (85.0 =
4.4% of age predicted maximal heart rate) average HR during
backside wave riding (p=0.332).

Subjects reached their average peak HR of 184.9 +13.0 bpm
(90.0 £ 0.1% of age predicted maximal heart rate) at an average
wave riding duration of 28.1 + 7.1 seconds. The frontside
average peak HR was 185.1 = 14.1 bpm (90.5 + 0.1% of age
predicted maximal heart rate) and was not significantly different
than the 183.2 £ 154 bpm (89.0 + 0.1% of age predicted
maximal heart rate) average backside peak HR (p=0.333). There
were also no significant differences in the average duration to
reach peak HR between frontside (29.4 + 10.8 seconds) and
backside (26.4 £+ 9.0 seconds) directions (p=0.261). Finally, no
significant difference in HR rate of increase during the first 15
seconds of wave riding was detected between frontside and
backside directions (1.9£0.6 vs 1.8+0.4 bpm-sec”, respectively,
p=0.417).

4. Discussion

Despite the increasing popularity in the sport of surfing,
little is known about the kinetics of the heart rate response

during wave riding. In an attempt to characterize the heart
rate response during wave riding in a controlled environment,
we measured heart rates of thirteen junior professional
surfers across twenty-three frontside and twenty-one
backside waves in an artificial wave pool environment. The
results of this study suggest for the first time that: 1)
frontside and backside wave riding do not elicit significant
differences in heart rate responses or wave riding duration, 2)
the heart rate response during frontside and backside wave
riding in youth can be described by a fourth order polynomial
fit equation for wave riding up to one minute, and 3) length
of wave ride may be influenced by peak heart rate. Taken
together, these results provide significant insight into the
cardiovascular requirements of wave riding.

Previous data collected in the ocean suggests that wave
riding elicits heart rate ranges that are indicative of moderate
to high intensity exercise. [2-3, 6-7, 10] Specifically, average
heart rates during wave riding have been reported to range
between 140 and 150 bpm in recreational surfers. [2, 6-7]
Interestingly, average heart rate during wave riding in the
current study was 174.1 £ 12.6 bpm, or approximately 85%
of the age predicted max HR. One can speculate that these
reported differences between average heart rates during wave
riding in the ocean and artificial wave pool are likely the
result of increased wave riding duration in the wave pool
(33.2 + 8.4 seconds) compared to those previously reported
in the ocean (5 and 14-seconds). [8] Greater wave-riding
durations in the wave pool may also have contributed to a
higher peak heart rate (184.9 + 13.0 bpm, 90% age predicted
max HR) in the current study compared to the average peak
heart rate of 171.0 = 7.5 bpm previously reported while
surfing in the ocean. [10] However, it is important to note
that methodological differences in sampling rate may also
have contributed to these differences, since the heart rate was
sampled at 15-second intervals in the Meir et al. study. This
is supported by the fact that an average peak heart rate of
190.0 & 12.0 bpm has been reported at the end of wave riding
in the ocean when heart rate was sampled at 1-second
intervals. [3] The similarities in average peak heart rates
reported in the current study and the Farley et al. study
highlight the importance of sampling rate when measuring
peak heart rate during relatively brief activities such as wave
riding.

The 1-second sampling rate in combination with the longer
wave riding durations of the current study also provided a
unique opportunity to evaluate the kinetics of the heart rate
response during frontside and backside wave riding. The
surfing community has long wondered whether surfing a wave
frontside or backside is more or less challenging. The results of
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the current study provide the first empirical evidence that no
significant differences exist in heart rate response during
frontside and backside wave riding. These findings suggest
that differences in perceived difficulty between frontside and
backside wave riding are likely not a result of differences in
cardiovascular requirements associated with wave riding
direction. It is also important to note that wave riding duration
was not significantly different during frontside and backside
wave riding (35.0+11.5 vs 31.0£11.5 seconds, respectively,
p=0.246). Interestingly, the length of the wave ride seems to
have been influenced more by attainment of peak heart rate
than surfing orientation. The current data were remarkably
consistent; on average the termination of the wave ride (33.2 +
8.4 seconds) occurred approximately 5 seconds after subjects
reached peak heart rate (28.1 = 7.1 seconds). One can
speculate that surfing an artificial wave that requires a surfer to
sustain near maximal exercise intensities for up to one minute
presents a unique physiological challenge that likely leads to
performance deficits and may lead to premature falls. This is
supported by evidence that increases in heart rate caused by
high intensity exercise lead to short term deficits in postural
control. [11-14]

It is important to acknowledge that the current
investigation has several limitations that could influence the
interpretation of the results. Specifically, our sample size may
have limited our ability to detect significant differences in
heart rate and duration between frontside and backside wave
riding. However, it is important to note that access to this
artificial wave is limited and opportunities to collect data in
this environment are rare. In fact, this was the first scientific
study performed at the Kelly Slater Wave Company’s Surf
Ranch facility. Another potential limitation to the current
study was the age of the participants. Specifically, subtle
differences in exercise induced heart rate responses between
children and adults could limit the ability to apply these
findings to adult populations.

In conclusion, these findings suggest that surfers riding
waves of this duration in an artificial wave pool are
consistently achieving near maximal heart rates. This
substantial cardiovascular demand may be impacting their
ability to maintain optimal performance. This is important
given that the World Surf League (WSL), the professional
surfing organization recognized for the world championship
tour, is introducing artificial waves as a platform for
competition. In 2018, the WSL added an artificial wave pool
(The Kelly Slater Wave Company’s Surf Ranch) as a
competition location for the first time and thus introduced the
surfing world to the potential future of competitive surfing.
The format of this competition was unique in that it required
the athletes to surf the sixty-second artificial wave frontside
and backside with only a three-minute rest in between wave
rides. Data from the current investigation suggest that the
cardiovascular demands of competing in this type of format
are significantly higher than those typically experienced in
the ocean. In the future, athletes and coaches should use the
heart rate data reported in the current study to develop
strength and conditioning programs specific to the

cardiovascular requirements of competing in an artificial
wave pool. It is also important to note that the sport of
surfing will make its Olympic debut in 2020 and the use of
artificial wave pools will likely become more prevalent since
many future host countries will not have access to the ocean
or quality waves. Therefore, the information provided in this
study can help inform future Olympic organizers on potential
ways to format wave pool competitions to optimize wave-
riding performance. One can speculate that the current format,
which provides 3-minute recovery periods between near
maximal intensity 60-second wave rides, is suboptimal and
likely impairs performance on the second wave. Lastly, the
equation derived from the current data allows both competitive
and recreational youth surfers to calculate the percentage of
their maximal heart rate they are likely to achieve based on the
duration of their wave ride. This information can be used to
develop land based conditioning programs that are targeted to
specific competition wave lengths.
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