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Abstract

Surf-related drowning fatalities are a public health concern in the Great Lakes region of
North America, and within Canada there are few beaches with lifeguards and no regional
beach safety strategy. This short paper presents the results of a survey completed in the
northern hemisphere summer of 2022 to determine the perceptions of beach users at
Station Beach in Kincardine, Ontario, a popular tourist beach town on Lake Huron.
Results suggest that beach safety knowledge and choice of location to occupy along the
beach depend on experience with the beach, with frequent visitors tending to select
quieter locations located further from a jetty that can result in a structural rip current.
Infrequent visitors tended to be closer to the jetty and selected that location based on
convenience (e.g., close to parking), suggesting the need for structural changes to guide
behaviour towards safer areas of the beach. Results also highlight the challenges of
developing an effective warning system to inform beach users of potentially dangerous
surf and currents in the absence of an investment in lifeguards or a regional/provincial

beach safety strategy.
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Résumé

Les déces par noyade liés au surf constituent un probléme de santé publique dans la
région des Grands Lacs en Amérique du Nord. Au Canada, peu de plages sont dotées de
sauveteurs et il n'existe pas de stratégie régionale de sécurité a la plage. Ce bref article
présente les résultats d'un sondage réalisé au cours de I'été 2022 afin de déterminer les
perceptions des utilisateurs de la plage Station a Kincardine, en Ontario. Il s'agit d'une
ville touristique tres fréquentée située en bordure du lac Huron. Nos résultats indiquent
que les connaissances en matiere de sécurité a la plage ainsi que le choix de
I'emplacement a occuper le long de la plage dépendent de I'expérience des utilisateurs.
Ainsi, les visiteurs habituels ont tendance a choisir des emplacements plus calmes
localisés plus loin d'une jetée, laquelle qui peut entrainer un courant d'arrachement
structurel. Pour leur part, les visiteurs occasionnels ont tendance a se rapprocher de la
jetée. lls choisissent cet emplacement pour des raisons de commodité (par exemple, la

proximité du stationnement). Ce constat fait ressortir la nécessité de changements
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structurels pour orienter les usagers vers les zones les plus stres des plages. Ces résultats
soulignent également la difficulté a mettre au point un systeme d'alerte efficace pour
informer les utilisateurs de la plage des dangers, en l'absence de ressources pour
embaucher des sauveteurs ou de I'existence d'une stratégie régionale/provinciale de

sécurité a la plage.

MOTS CLES
courant d'arrachement, grands lacs, noyade, sécurité a la plage

Key messages

e Frequent and local beach users tended to choose locations to avoid people, while
infrequent and distant visitors tended to choose locations based on convenience
independent of hazards.

e Most beach users did not observe warning signs or beach safety information and
did not consult warning information before visiting the beach.

e Beach users would still go swimming without safety information, and sunk cost of

travel and post-pandemic need for escape influence behaviour at the beach.

INTRODUCTION

Annually there is an average of 50 surf-related drowning fatalities in the Great Lakes region of North America (Vlodarchyk et al., 2019) and it is
estimated that these drownings have a long-term economic impact on the region of more than US$100 million per year (Houser et al., 2021).
The number of surf-related drowning fatalities in 2020 was greater (+29) than expected due in part to a combination of reduced lifeguard
resources, cancelled swimming lessons, large beach crowds, warm weather, high-water levels, and self-isolation fatigue during the COVID-19
pandemic (Houser & Vlodarchyk, 2021). Drowning fatalities increased dramatically as stay-at-home lockdowns were lifted and people visited the
beach to escape isolation—despite few beaches reinstating their lifeguard programs and limited post-pandemic supply and interest in
lifeguarding. While many popular beaches near large urban centres have lifeguards, many beaches in smaller municipalities do not have lifeguard
programs; there are ~7 public beaches with lifeguards in the province of Ontario despite having the longest coastline in the region and a large
number of public beaches managed by municipalities or provincial and federal agencies. Along just the east coast of Lake Huron, there are more
than 40 public beaches (e.g., Goderich, Bayfield, Southampton, Sauble Beach) and only 2 have lifeguard programs (Sarnia and Grand Bend).
Unlike the United States, which warns beach users of the surf and rip hazard through programs funded by the National Oceanographic and
Atmospheric Administration (NOAA), Canada has not implemented a national beach safety strategy. Beach safety and rip current hazard
programs have become a national priority in several other countries including Australia (e.g., Brighton et al., 2013; Sherker et al., 2008), the
United Kingdom (e.g., Woodward et al., 2013), and Costa Rica (Arozarena et al., 2015).

The beach safety and rip current strategy managed by NOAA is arguably the longest running cooperative and coordinated program
operating across various organizational and political levels (Carey & Rogers, 2005). The strategy includes the educational program “Break the
Grip of the Rip!"® that educates the public about the dangers of rip currents through brochures, beach signs, videos, newspaper articles, and
public service announcements on television (Houser et al., 2017). The National Weather Service (NWS) has also developed a rip current
forecasting system, in which weather forecast offices issue surf zone forecasts that include a three-tiered (low, moderate, high) rip current
outlook communicated to the public during television and radio news broadcasts (Carey & Rogers, 2005) and on social media platforms. In a
separate initiative, the NWS has developed a public rip current forecasting system, although the methodology varies among weather forecast
offices. These forecasts are complicated by rip development being dependent on how the incident wave field interacts with the pre-existing
nearshore morphology, which is difficult to predict without local knowledge of how it evolves over a range of spatial and temporal scales
(Castelle et al., 2016). Adherence to warnings depends in part on trust in experts and authorities (Heitz et al., 2009; Njome et al., 2010; Terpstra,
2012; Terpstra et al., 2009), but forecast inaccuracies or discrepancies in what is observed at a specific beach and time can erode confidence in
the forecast (Espluga et al., 2009; Siegrist & Cvetkovich, 2000).

These dynamic warnings in the United States are supplemented by signage placed at beaches throughout both the United States and
Canada. Several studies suggest that static warning signs are often not observed (e.g., Brannstrom et al., 2014, 2015), or that they are ignored
when a beach user's perception of surf conditions is controlled by their personal experience and the behaviour of others on the beach or within
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their group (Ménard et al., 2018; Houser et al., 2019). These confirmation biases can be further reinforced by the design of beach access points
and the belief that access is only provided at “safe” locations (Locknick & Houser, 2021; Trimble & Houser, 2018). The use of cognitive shortcuts
(i.e., unconscious decisions to simplify a task) and dependence on pre-existing biases appears to increase with the financial and time investment
made by the beach user (Ménard et al., 2018). Without intervention by lifeguards or confidence that a warning system accurately reflects the
current conditions, beach users develop increasing confidence in their past decisions and biases and may rely solely on cognitive shortcuts to
decide whether to enter the water or not.

Observing posted warnings is not a guarantee that a beach user will be safe, particularly because many still choose to swim in unsafe and
unpatrolled sections of the beach for social or behavioural reasons, or because of a lack of awareness and/or complacency (Drozdzewski et al.,
2012, 2015; Houser et al., 2016; Uebelhoer et al., 2022; Williamson et al., 2012). This may be due to beach access management that can
inadvertently steer unsuspecting beach users towards dangerous sections of the beach, increasing the chances of a drowning fatality (Barrett &
Houser, 2012; Houser et al., 2015; Locknick & Houser, 2021; Trimble & Houser, 2018). In this respect, it may be possible to reduce the risk and
limit drowning fatalities and rescues through purposeful landscape and access designs that guide beach users towards safer areas of a beach. In
support of this hypothesis and to assess the potential impact of a local beach safety strategy, the study reported on here explored how beach

user behaviour and intentions vary alongshore at a destination beach in Ontario, Canada.

STUDY SITE

This study took place at Station Beach in the Municipality of Kincardine, along the eastern coast of Lake Huron in Ontario, Canada (Figure 1a).
Due to lake temperatures, swimming tends to be limited to the summer months of June, July, and August and is concentrated to the south of the
jetty used for the Kincardine Harbour and Yacht Club (Figure 1b). Close to the jetty is the wreck of the Ann Maria, a schooner that ran aground
and capsized during a storm in 1902. Depending on water levels and the position of the sand bar, the keel and ribs are still visible in the

9089000W - 9088500W
(a) &

FIGURE 1 Station Beach is located on the eastern shore of Lake Huron, in the Municipality of Kincardine, Ontario (a, b). Beach use is highest
on the south end of the jetty (b) due to accessible parking, sandy sediment, and protection from northerly wave activity. Beach access is directed
through several access points through the dunes (c) and hazards signs (d) are provided to inform users of swimming restrictions (e.g., no
swimming next to the jetty) or hazards (e.g., rip currents).
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nearshore. This section of the beach is directly adjacent to the main parking area and can be accessed by a sidewalk that extends from the jetty
to the end of the Station Beach to the south. Additional access points are available further south along the secondary parking area via
boardwalks designed to limit impact to the dune (Figure 1c). Warning and no swimming signs are posted at the access points to the beach and at
the landward end of the jetty (Figure 1d), although many of these signs are not visible upon entrance to the beach.

At the time of writing, there have been five drowning fatalities reported in the Municipality of Kincardine (2010-2023) and it represents one
of the “hotspots” of drowning fatalities in the Great Lakes region. Combined with other drowning fatalities on the Canadian side of Lake Huron,
the economic burden to the Province of Ontario averages more than US$9 million per year (Houser et al., 2021). Most of the drowning fatalities
along this stretch of the Great Lakes are associated with rough surf and rip currents at groins and jetties, although bathymetrically controlled rips
resulting from transverse bar and rip morphology are also common in the Great Lakes (Vlodarchyk et al., 2019). A disproportionally large number
of drowning fatalities are associated with young males between 10 and 30 years of age (Houser & Vlodarchyk, 2021) who appear more
susceptible to “group think,” impulsivity, risk-taking, and sensation-pleasure seeking at the expense of safety (see Lapinski & Viken, 2014;
Ménard et al., 2018; Sotés et al., 2018).

METHODS

Data were collected every day between 30 June and 1 August 2022. This study relied on an electronic survey instrument using the cloud-based
Qualtrics survey software that was accessed through a data-connected iPad (see Supporting Information Appendix 1). The anonymous survey
was approved by the Research Ethics Board at the University of Windsor and was distributed by undergraduate research assistants to beach
users within the designated swimming area who agreed to participate in the study and were over the age of 18. Surveys were not administered
to families if it appeared that they had family members, in particular young children, in the water to ensure that we were not an unnecessary
distraction. Consistent with surveys conducted by Brannstrom et al. (2014, 2015) and Locknick and Houser (2021), the surveys involved 42
questions across the following groups: (1) demographics (e.g., age, residency); (2) self-reported intentions and behaviour at the beach (e.g.,
swimming distance in open water, beach location selection); (3) beach safety and rip knowledge; and (4) access and interest in beach safety
warnings. Surveys were conducted between 9:00 AM and 4:00 PM each day (weather permitting), with each survey taking approximately 15 min
to complete. The number of surveys collected on a given day was dependent on the number of beach users, weather, rejections, and the number
of respondents who had not previously participated in the survey. Each survey location was recorded in UTM coordinates using a Garmin
GPSMAP 64 Worldwide with high-sensitivity GPS and GLONASS receiver. The location of each survey was then calculated as the alongshore
distance (m) from the jetty at the north end of the surveyed beach.

RESULTS

A total of 99 surveys were completed with a rejection rate of ~45%, which is relatively high compared to similar surveys conducted in Australia,
the United States, and in the Maritimes of Canada (Brannstrom et al., 2014; 2015; Locknick and Houser, 2021; Uebelhoer et al., 2022). While the
reasons for the low acceptance rate are not clear, it is similar to the rejection rates observed in Costa Rica where there was a large number of
visitors to the region (Llopis et al., 2018). The limited number of respondents compared to other studies (e.g., Brannstrom et al., 2014, 2015;
Locknick & Houser, 2021) is in part due to the greater number of repeat visitors to the beach and weather. There was no statistically significant
variation in the number of beach users based on weather, waves, and temperature, but there were fewer people observed in the water when
upwelling events brought cold water to the surface.

The average age of the respondents was 45 years old, with an average age of 42 and 47 for self-declared female (55%) and male (45%)
respondents, respectively. Nearly all respondents (94%) were planning to swim during their visit to Station Beach. The intention to swim at
Station Beach was greater than the self-reported tendency to swim when visiting beaches in general. Only 63% of respondents self-reported
going swimming every time or most of the time that they visit a beach. While 21% of respondents self-reported that they sometimes swim when
visiting a beach, 10% said they rarely go swimming, and 5% said that they never go swimming when visiting a beach. Most of the respondents
(73%) had travelled more than 100 km to visit the beach and only 11% of respondents lived within 25 km of the beach. More than 68% of
respondents had been to the beach before, and 100% of respondents who had never been to the beach before were planning to swim. Many of
the respondents who said they go swimming most or every time they are at a beach self-reported that they could swim between 25 and 100 m
in open water with waves, while nearly all respondents who either sometimes or rarely go into the water self-reported that they could swim
<25 m in open water or were unsure of their swimming ability.

Most of the respondents who travelled >100 km had rented a cottage (e.g., Airbnb) or were visiting friends who lived in the area.
Respondents who travelled between 25 and 100 km noted that they were visiting because of “good weather,” and it was a “nice day,” or noted

that it was nearing the “end of summer” and they planned on “making the most of summer.” Other responses included “just a beach day,”
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“camping [nearby] so wanted to wade,” “nice weekend get away from Kitchener,” “clean lake, free parking and beautiful [beach] for family
outing,” or “love it here—deep blue water and sunsets.” Local respondents (<25 km) came to the beach because the “kids wanted to swim,” “have
family up,” and “beautiful weather"—or because the “waves were good” in reference to surfing conditions, not calm water.

When asked why they selected their location on the beach, respondents who had previously been to the beach noted that it was about

»u

finding a location away from others. Example responses include “away from people [and] near bathrooms,” “not a lot of people and shade,” and
“not as busy.” However, one nonlocal respondent who frequented the beach and was sitting close to the jetty noted that their choice of location
was because “parking is close, the kids like the shipwreck, [and] nice sandbar.” Respondents who had not been to the beach previously chose

» o«

their location based on parking and convenience: “close to parking and few rocks—easy to swim,” “close to car,” and “close to parking lot.”
Respondents who sat furthest from the jetty (400-600 m) tended to go swimming every time or most of the time they visit a beach, while many
of those who sat closest to the jetty (0-200 m) noted that they rarely or never go swimming when visiting a beach. Respondents who travelled
>50 km to visit the beach, but had only been to Station Beach occasionally or never, tended to sit closer to the jetty (X = 230 m) compared to
those who visited the beach frequently or multiple times per year (X = 303 m) (Figure 2). A similar difference was observed for local (<25 km)
respondents: those who visited the beach frequently occupied locations of the beach further away from the jetty (X = 235 m), compared to those
who only visited the beach occasionally or rarely (X = 130 m) (Figure 2). Overall, the alongshore distribution of respondents who were not local
was larger (460-515 m) than local visitors (94-265 m) (Figure 2).

When asked where they would enter the water in the photographs relative to the groin, 35% of respondents selected the rip neck (sections
2 and 3) in Photograph #1. Nearly all those respondents were not local (>25 km) and had not previously been to Station Beach. Respondents

Station Beach Survey Locations
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FIGURE 2 Distribution of all survey respondents along Station Beach, with the average location of respondents based on distance travelled
and experience at the beach. Shown are the average locations for local respondents with (Yellow: X = 235 m) and without experience (Blue:
X =130 m), and nonlocal respondents with (Green: X = 303 m) and without experience (Red: X = 230 m). The box (inner quartile) and whisker
(outer quartile) plots show the total alongshore distribution of Station Beach users excluding outliers, including nonlocal occasional (NL-OV:
515 m) and frequent (NL-FV: 460 m) visitors, and locals who are occasional (L.-OV: 94 m) and frequent (L.-FV: 265 m) visitors.
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who sat within 200 m of the jetty had the largest number of respondents (64%) to select the rip neck in the photographs as the safest place to
enter the water, while <20% of respondents from the middle section of the beach (200-400 m from jetty) selected the rip neck in the
photographs. Those who selected the rip neck noted that it had “less waves,” “looked calm,” or “not many waves.” A majority (61%) of
respondents who sat at a distance from the jetty (400-600 m) selected section 8 as the safest place to enter the water in the photograph, with
most of the remaining respondents (27%) selecting section 1 on the other side of the photograph.

A majority (89%) of respondents did not consult or receive information about beach conditions before visiting Station Beach, and 95% of
respondents did not see any information about beach safety when accessing the beach. When asked how they typically receive information
about beach safety, 57% of respondents reported that they only see or hear information from signs, flags, or signals (e.g., whistle) when they are
at the beach. The remainder noted that they had not previously heard or seen information on beach safety (16%) or they had seen information
posted on social media (27%), but not necessarily specific to Station Beach. Many respondents (52%) noted that the present amount of beach
safety information and warnings is not good, while 24% noted that the information was sufficient/good and 8% thought that beach safety
information and warnings were not important on the Great Lakes. Approximately 40% of respondents noted that they tend to seek information
from phone apps (e.g., Weather Network, Windy, etc.), and that a phone app would be the best way to provide beach users with safety
information. However, a nearly equal number of respondents said that they would not download a dedicated phone app and that the best spot
for warning information is at the beach entrance.

Many respondents did not believe that wave and current conditions were the most important dangers at Station Beach. Only 8% of
respondents noted rip currents and only 32% believed that drowning, big waves, and strong currents were a danger, compared to 60% of
respondents who believed that pollution, debris, and water quality were the most important dangers. All respondents who noted waves and
currents as being a danger visited Station Beach frequently or multiple times a year. When asked if they believed people (including themselves)

would enter the water without beach safety information, the vast majority (82%) said that they would still go swimming. Many of the

» » o«

respondents said that they would still get in the water because it was “nice and sunny,” “warm,” “hot,” “nice day, when [the] sun is out,” and they
needed to “cool off.” One respondent noted that it is “hot [and] most people don't pay attention to warnings when it is like this.” Other
respondents who would go into the water despite a lack of warning information noted that they had travelled to get to the beach, with
responses such as “came all this way out here” and “don't want to waste the drive.” The need for a post-pandemic escape was also noted by
some respondents, including responses such as “warm summer after 2 years of COVID” and “Because of COVID-19 everyone can get out now. It

is a time of gathering.”

DISCUSSION AND CONCLUSIONS

Station Beach in Kincardine is an increasingly popular destination in Ontario. Most beach users surveyed randomly in August had travelled
>100 km to visit the beach and were staying with friends and family or at a rental property. Most respondents had not consulted or received
information about beach conditions before visiting Station Beach, and nearly all respondents did not see any information about beach safety
when accessing the beach. While there are safety warning signs at each access point, most of them are facing the lake and are only visible when
exiting the water (Figure 1). Given that most respondents seek information about safety at the destination, this design choice is problematic and
needs to be reconsidered based on how the broader beach area is accessed and used (Trimble & Houser, 2018). However, there is no guarantee
that beach users will observe or pay heed to warning signs if they are placed in more visible locations in the parking lots and/or the access points
(see Brannstrom et al., 2014, 2015).

In the absence of warnings, beach users will still enter the water based partly in response to their own interpretation of the conditions or the
presence of other beach users already in the water (Ménard et al., 2018), the sunk cost of travel, and/or based on air and water temperatures.
These factors appear to have increased during and after the pandemic (Houser & Vlodarchyk, 2021) and are based on the incorrect assumption
that waves and currents on the Great Lakes are not an important safety concern. Results suggest that water quality (e.g., E. coli, algae, etc.),
which is reported weekly for beaches across Ontario, is of greater concern in the Great Lakes. While this suggests the potential for beach safety
warnings to be updated and communicated across the province, it requires provincial coordination to ensure that visitors do not assume a beach
is dangerous because it has warnings, or that the beach conditions are safe when no cautions exist. In other words, improving beach safety
requires a provincial and/or federal strategy to provide beach condition reports similar to what has been implemented in the United States
(Carey & Rogers, 2005). Such a warning system should not come at the expense of local and provincial investments in lifeguarding.

The locations where beach users sit and swim along Station Beach appear to be associated with experience at the location. Those who had
been to the beach previously tended to be further away (south) from the jetty to avoid other beach users, but did not appear to make that
decision based on safety (Locknick & Houser, 2021; Trimble & Houser, 2018). While these respondents tended to select locations far from the
jetty in the photographs as the safest, this is either a secondary consideration or a simple confirmation of their decisions at Station Beach. Those
who had little to no experience at the beach tended to sit closer to the jetty (Figure 2) and appear to have made their decisions based on

convenience (Trimble & Houser, 2018) because that part of the beach is closest to the park entrance and has the greatest number of parking
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TABLE 1 Summary of key findings and associated recommendations.

Key Findings Recommendations
Frequent and local beach users tended to choose locations (away from the jetty) to Redesign of park entrance and beach access to redirect
avoid people, while infrequent and distant visitors tended to choose locations activity away from the jetty.

closest to the jetty out of convenience.

Most respondents did not observe warning signs and beach safety information at the Visible and accurate signage and warnings.
beach.
Most respondents did not consult beach safety information before visiting the beach. Regional/provincial prediction and broadcast of beach safety

information and surf conditions.

Most respondents would still go swimming without information about surf Local and/or provincial investment in lifeguards to educate
conditions. and intervene when necessary.

Sunk cost of travel and post-pandemic need for escape influence behaviour at the
beach.

spots. It is reasonable to assume that local beach users would arrive earlier at the beach and use the closest parking area beside the jetty, while
those travelling from a distance would be forced further down the beach. In this respect, the location and access to the parking lot may influence
the decisions of the beach user without experience at the beach. Those same respondents tended to select locations closest to the jetty in the
photograph as the safest, because the water had fewer waves compared to the rest of the image (Brannstrom et al., 2015; Caldwell et al., 2013).
The area closest to the jetty at Station Beach can have calm waves due to sheltering by the jetty when waves approach from the north and
northwest, and a structural rip current along its length when waves are from the southwest. The convenience of this section of beach may in part
confirm the actions of inexperienced beach users that this section of the beach is the safest: If | can access this section of the beach, it must be
safe (Ménard et al., 2018).

The current study suggests that it may be possible to limit drowning fatalities through purposeful landscape and access designs to guide
beach users towards safer areas of a beach (see Barrett & Houser, 2012; Houser et al., 2015; Locknick & Houser, 2021; Trimble & Houser,
2018). Modifying access to the beach is particularly important on beaches where there has been no investment in lifeguards, but it is reasonable
to expect that the cost of a “safe” redesign of the park entrance, parking lot, and access points is greater than the costs associated with a
seasonal lifeguard program. Results of this study suggest the need for a multi-tier strategy for beach safety that includes some combination of a
regional/provincial broadcast of beach safety information (e.g., app, news, etc.), local redesign of park entrance and beach access, visible signage
and warnings, and lifeguards (Table 1). This in turn requires further study of the costs and benefits of each safety layer in reducing the number of

drowning rescues and fatalities, particularly given the seasonality of beach usage in the Great Lakes.
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