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Evacuation strategies have been established for most user groups in tsunami
inundation zones; however, surprisingly little information is available for a growing
visitor group - surfers. For near-shore tsunami events, Oregon surfers, who recreate
in the nearshore region, must make life or death choices when deciding what to do in
the case of a Cascadia Subduction Zone Earthquake. First hand accounts from
recent global tsunamis indicate that surfers may improve their opportunities for selfrescue, if they identify early warning signs. Site specific characteristics also matter.
At some surf spots, the wave breaks close to shore and there is high ground nearby.
At other sites, surfers are not able to exit the water and reach high ground prior to
the arrival of the first wave.
In order to reach out to surfers and share potentially life-saving information,
more research is needed regarding surfers’ perceptions of the risks involved in
surfing and the tsunami hazard, and how their perceptions compare to other risks in
everyday life. This study attempts to better understand how Oregon surfers perceive
risk in general, and specifically tsunami risks. Furthermore, do surfers’ risk
perceptions also lead to positive intent to change behavior? To address these

questions, survey data is used to examine the relationships between perceptions of
surfing, tsunami, and every day risks, as well as interactions with demographic
information, perceptions of locus-of-control, and risk mitigation behaviors. Results
from this study will have important Implications for outreach and education within this
community, as well as contribute to our scientific understanding of this understudied
population.
Descriptive statistics, Mann-Whitney U tests, non-parametric correlations,
and a path analysis are used to address these issues. Surfers in the study correctly
identified their own board as the greatest surfing hazard. Participants tended to over
estimate surfing hazards when compared to general hazards. Locus of control did
not have statistically significant relationships with any of the other variables. A path
model including demographic traits, general risk perceptions, surfing risk
perceptions, and surfing mitigation behaviors was supported by the path analysis.
Qualitative insights from conversations with surfers indicate that they are able to
understand technical information about tsunamis and are hungry for more
knowledge.
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Chapter 1: Introduction to the Thesis
The ocean is often characterized as beautiful, peaceful, and awe inspiring; yet it is
frightening to others who perceive it as destructive. Recent decades have witnessed an
increase of people visiting and relocating to coastal areas. Many of these newcomers are
characterized as non-consumptive users, that is, those who look at the ocean, walk on
the beach, and recreate in coastal waters, enjoy the ocean (Eardley & Conway, 2011) but
also put themselves at potential risk to coastal hazards.
One potential hazard for Oregon coastal users is tsunamis, which are generated
by the sudden displacement of large volumes of water. Recent tsunami events around
the world have increased scientific and public interest in the potential for similar events
originating from the Cascadia Subduction Zone (CSZ) 50 miles off the Oregon Coast. The
CSZ is over 600 miles long and extends from Northern California to Vancouver Island,
British Columbia. The CSZ is active and produces magnitude 8 or larger earthquakes
every 250 years, on average. The last CSZ event recorded in geological samples was in
1700, indicating another earthquake and tsunami could happen at any time. A full margin
rupture (which refers to a rupture along the full length of the fault) would cause a
magnitude 9.3 earthquake, an 80-foot tsunami wave, and move the seaward edge of the
Pacific plate 2 m down and 33 m west (Goldfinger et. al, 2012).
Oregonians are particularly vulnerable to tsunamis because prior to the 1980s,
few residents and policy makers were aware that the Pacific Northwest had a history of
large subduction zone earthquakes (Geist, 2005). Although it was known that a
subduction zone existed off the coast, there had not been a large-scale earthquake and
tsunami in the region since 1700 (Goldfinger et al., 2012), and scientists theorized that
the sub-ducting oceanic plate slid with little friction past the plate boundary because they
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could not detect any tectonic activity. Due to a lack of activity in the region, there is no
basis for having developed an earthquake or tsunami preparedness culture (Geist, 2005;
OSPAC, 2013). By contrast, California has a history of earthquakes, so there are wellestablished building regulations and many residents have lived through earthquakes
(OSPAC, 2013), thereby contributing to a culture of awareness and readiness.
The cumulative effects of a CSZ earthquake and tsunami could cause devastation
on the Oregon Coast. It is anticipated that 5-10 minutes of violent shaking will topple most
unreinforced masonry buildings in western Oregon and Washington. In addition, critical
infrastructure will be lost, and broken gas lines, oil slicks, and exposed electrical wire will
cause widespread fires. Emergency services personnel will be stretched. The tsunami will
strike 20-30 minutes later, depending upon the topography of the coastline. Coastal
residents and visitors will be left with few essential services, as losses of power lines,
transportation, and communication cut off the coast from the rest of the state. Because
there is no power generation west of the Coast Range, it could take up to 3 years before
residents are restored to full services (Geist, 2005; OSPAC, 2013; Satake, Okal, &
Borrero, 2007).
In Tohoku, Japan, there is a cultural history of tsunami knowledge that goes back
thousands of years, with ancient stone signs marking the extent of previous inundation
(Satake, Okal, & Borrero, 2007). They have established robust building codes,
constructed vertical evacuation structures, and built an extensive system of seawalls
knowing that large earthquakes and tsunamis happen regularly in the area. During the
March 11, 2011 earthquake and tsunami event, even though many people evacuated the
inundation zone and used vertical evacuation structures, 10,000 lives were lost with an
equal number reported missing (Stimpson, 2011). After the disaster, significant
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infrastructure and buildings remained standing; this assisted with recovery efforts, and
some services were restored within weeks (OSPAC, 2013). If the CSZ earthquake
happens soon, given the state of Oregon’s infrastructure, it is hard to imagine that the
area will be as well prepared to recover as quickly as the Japanese region.
In contrast, the impoverished people of Sumatra largely resided in selfconstructed structures built from mud, bricks, stones, sticks, and reclaimed lumber. Thus,
during the 2004 Sumatra/Indian Ocean event, nearly all of these homes were toppled by
the earthquake, and very few people left the inundation zone before the tsunami struck
resulting in a death toll of 230,000. There was little to no infrastructure remaining after the
event to serve as a center for relief aid or recovery, and many areas took years to recover
(Stimpson, 2011).
In short, without adequate infrastructure and social support there will be chaos
and confusion at the time of the CSZ earthquake and tsunami (Geist, 2005; OSPAC,
2013; Stimpson, 2011). The lessons learned from the Sumatra and Japanese events
demonstrate that the death toll and recovery time from a near-shore earthquake and
tsunami will be heavily dependent on the extent of preparation and evacuation.
Oregon coastal communities and state agencies, such as the Oregon Emergency
Management agency, have been actively increasing public awareness, education and
preparedness regarding a CSZ earthquake and tsunami event. Evacuation strategies
have been established for most user groups in tsunami inundation zones. Coastal visitors
are advised to follow evacuation signs or head for high ground while vessels at sea are
advised to head for deep water.
However there exists no specific planning, information, or communication for an
increasing coastal visitor group - surfers. Surfers recreate away from tsunami safe high
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ground, and do not have the means to get inland or a safe distance offshore quickly. After
the earthquake has happened, surfers will have little time to exit the water and get to high
ground. Depending on wave conditions at the time of the tsunami, waves could be
breaking a few or 15 minutes from shore. After a surfer exits the water, it could be
hundreds or possibly thousands of feet to the nearest high ground. With such a tight time
schedule and potential dire consequences, it is critical for surfers to effectively use every
second to reach safety.
Oregon, as a state, is largely unprepared for a CSZ earthquake and tsunami
event (OSPAC, 2013), though household and visitor knowledge and awareness are
increasing. In order to share potentially life-saving information with surfers, more research
is needed regarding their perceptions of the risks involved in surfing and the tsunami
hazard, and how their perceptions compare to other risks in everyday life. Finding out
about surfers’ perceptions of the various hazards associated with surfing and the CSZ will
have implications for education and outreach because perceptions of risk are often
related to behavior change and hazard mitigation (Leiter and Pruckner, 2005; Leiter,
2011; Lindell & Perry, 2000).
Scientific analyses of risk perception in surfing are not readily available. Goals of
this research are to understand 1) how surfers perceive the dangers involved with their
sport on the Oregon coast, 2) how those risks compare to other activities in their
everyday lives, 3) how those hazards compare to the risk of being caught in a tsunami,
and 4) how those perceptions influence mitigation behaviors. If surfers view tsunamis as
simply another deadly hazard among many that they already encounter on the water,
then they may not change their behavior and engage in hazard mitigation as a result of
education and outreach efforts. This would be similar to other risk mitigation opportunities
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that surfers pass up, such as wearing a helmet, using a soft top surfboard, surfing a
board with a rounded tip, or installing soft-edged fins which can reduce the risk of deaths
and lacerations but are not widely used (Nathanson, Haynes, and Galanis, 2002). On the
other hand, if surfers perceive tsunami risk as more deadly, more frequent, or more risky
than other surfing hazards, then it is likely they will be interested in more knowledge
about how to remain safe in the shadow of a Cascadia Subduction Zone tsunami. This
exploratory study attempts to measure surfers’ general perception of risk related to
hazards they encounter while surfing.
The rest of this chapter introduces the study area and population. The next
chapter is a literature review, followed by the methods chapter, the results, a discussion
with implications for management, and a conclusion.

1.1 Surfers
As coastal leaders prepare for the next big quake, researchers continue to identify
infrastructure

needs

and

vulnerable

populations.

Although

all

coastal

Oregon

communities will be vulnerable to the effects of the earthquake, those who live and
recreate in the predicted tsunami inundation areas will face additional life and safety
risks. One particular user group is surfers, who are vulnerable because they recreate in
the nearshore area where the effects of the tsunami are expected to be substantial and
immediate.
Like many coastal areas, Oregon has a system of tsunami warning sirens.
Unfortunately, these sirens work only for distant tsunamis; in the event of a near shore
tsunami, most people’s primary warning will be the shaking of the ground (Goldfinger et.
al, 2012; OSPAC, 2013). It is unclear whether surfers will be able to hear or feel the
shaking of the earthquake from the water, especially if the wave conditions are energetic

6
as they often are off Oregon’s coast. If surfers do not know how to look for other signs
that an earthquake has taken place, most of them will probably notice the tsunami too
late, as tsunami currents begin pulling them offshore.
Evacuation strategies have been established for most user groups in tsunami
inundation zones despite the absence of a reliable warning system. Coastal visitors are
advised to follow evacuation signs or head for high ground, while vessels already at sea
are advised to head for deep water. In Oregon, few recreational users travel further
offshore without propulsion than surfers. Motor boats have radios and will receive
instructions from the coast guard to move offshore and beachgoers have up to a 15minute head start (OSPAC, 2013). This puts surfers in a difficult situation: closest to the
hazard, farthest from safety, with limited means of communication to shore.
The distance between a surf break and tsunami safe high ground is a major factor
for surfers attempting to evacuate. Oregon’s shallow, sloping beaches mean that surfers
wait for waves far away from shore. Multiple sand bars and an energetic wave climate
lead to seaward flowing rip tides and irregular waves, often shoaling and breaking many
times before reaching shore. These factors can make navigating the surf zone a
challenge, and in many cases it could take surfers a long time just to paddle back to the
beach from a surf break. Some surf spots are situated at the end of a dune system or
jetty which would add even more time to the evacuation. Assuming that a surfer begins to
evacuate as soon as the earthquake has finished, they have about 20 minutes to exit the
water and get to high ground before the ocean begins to rise (Goldfinger et. al, 2012;
OSPAC, 2013). At some places, surfers may not be able to complete an effective
evacuation (get out of the water and get to high ground) in 20 minutes.
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Popular media portray surfing as a dangerous and potentially deadly activity,
despite its statistical safety, compared to sports such as soccer or skiing (Nathanson,
Haynes & Galanis, 2002; Meir, Zhou, Gilleard, & Coutts, 2011; Moran and Webber,
2013). This constructed fear is due to the visceral nature of potentially deadly hazards
which include sharks, poisonous sea creatures, powerful waves, strong currents, and
sharp rocks. Surfing deaths, while rare, are widely circulated in surfing culture. In
contrast, risk-reducing and life-saving surf safety devices such as soft fins, foam boards,
and helmets are less sensationalized and therefore rarely used. Risk perceptions are
important precursors to potential behavior change (Ajzen and Fishbein, 2005). This begs
the question: how do Oregon surfers perceive risk in surfing, and the tsunami threat in
Oregon? Furthermore, what is the relationship of these risk perceptions to Oregon
surfers’ willingness to engage in risk-mitigating behavior?
Risk perception has been studied extensively, including research specifically
examining extreme sports. Studies report the actual injuries that surfers receive (Meir,
Zhou, Gilleard, & Coutts; 2011 Haynes & Galanis, 2001; Moran and Webber, 2013) and
the motivations for taking these risks (Stranger, 1999). There has yet to be an analysis of
risk perception in surfing, and more specifically, how surfers’ risk perceptions affect
tsunami preparedness. This exploratory study attempts to fill this research gap.
Furthermore, results will have implications for future outreach and engagement
strategies, and may aid in risk reduction for the surfing community and other nonconsumptive ocean-users, such as sea kayakers or scuba divers.
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Chapter 2: Literature Review
The goals of this research are to gain preliminary understanding of how surfers perceive
the dangers involved with their sport on the Oregon coast, to understand what surfers
perceive to be the risky part of surfing, how those risks compare to other activities in their
everyday lives, and finally, how do these perceptions influence mitigating behaviors. To
address the goals of this thesis literature related to risk was examined. Participant risk
models and tolerances are unknown so it is important to examine general risk literature,
yet surfers have a unique relationship with risk. For this reason, studies related to surfing
and related extreme sports were also examined. Finally, the unique aspects of
earthquake and tsunami literature will bring insight to how these hazards are perceived.

2.1 Risk
Risk is defined as the potential for a negative outcome. Increasing frequency and
magnitude of negative outcomes leads to an increased perception of risk. If there is some
significant benefit also associated with an activity which outweighs the negative
outcomes, individuals may choose to expose themselves to the potential hazard. For this
reason, Short (1984) defines risk as the balance between positive and negative outcomes
associated with exposure to a hazard. The risk estimation process can be simplified by
weighing the magnitude of tangible negative consequences against the chance that they
will happen, and then comparing that risk to the magnitude and probability of benefits.
While professionals (such as financial planners) use data and financial models to perform
this task, laypeople perform simplified, mental risk analyses on a regular basis (Fischhoff,
2002).
This traditional view of risk, called cost benefit analysis, has been widely
implemented in multiple disciplines and scales. When dealing with health and safety
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issues, this approach properly addresses societal concerns such as maintaining
population, preventing the spread of diseases, and preserving life and property, in
general. However, this approach fails to capture elements of non-monetary risk such as
mental health, preservation of lifestyle, and one’s own life and property (Fischhoff, 2002).
In order to account for these non-monetary factors, elements of risk beyond pure
probability calculations, monetary loss, and total mortality are examined.
Slovic (1987) proposed the psychometric paradigm risk, which attempts to
account for some of the factors ignored by the cost benefit approach. In an early measure
of the publics’ perception of risk, participants ranked perceived risks to the effects of
various threats. Results indicated that nuclear power exposure (a relatively unlikely
event) elicited the highest perceived risk, while handgun ownership, rock climbing, and
surgery (more likely events) were perceived as less risky.
To explain this discrepancy, Slovic’s work takes into account specific
characteristics of the hazard and the psychological effects of those characteristics.
Researchers created a two-dimensional scale for assessing hazards. The first factor,
Dread, includes hazards that instill psychological discomfort, are uncontrollable, or
potentially catastrophic, can happen to anyone at any time, are unfair, or are potentially
fatal. For example, Ford Motor Company decided not to issue a recall on the Pinto in
1973 based on a cost benefit analysis they performed, but they did not account for the
public effect of the graphic nature of the failure. Leaky gas tanks caused some vehicles to
burst into flames on rollover, which shocked the public and ensured that every failure
would be widely publicized by the media. In the end, the psychological effect of these
events on the public forced Ford to pay out in a large number of lawsuits and eventually
issue the largest recall in automotive history. The second factor identified by Slovic
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includes unknown risks which are unobservable, very low frequency, unfamiliar to
science, or unknown to those exposed to the hazard. This category includes hazards
such as asteroid impacts, mega-volcanic eruptions, or full-scale nuclear war, of which
modern humans have no context or prior knowledge.
Further research by Slovic and Weber (2002) highlight the difference between risk
assessment and risk management. Risk assessment, which is not the goal of the present
thesis, examines the physical characteristics of the threat and the probability that they will
occur. For a CSZ event off the Oregon coast, Goldfinger (2012) and OSPAC (2013)
provide risk assessments for most populations and infrastructure systems, but have not
included surfers. A full risk assessment for surfers in the tsunami zone is beyond the
scope of this study. Instead the focus will be on risk management: communicating risk,
understanding stakeholders’ relationships to hazards, and providing means for mitigating
risk.
Slovic and Weber (2002) point out that public perceptions and misperceptions
about hazards can often have a greater impact on individual behavior change than facts
and data. Risk-taking at an individual level is associated with a preference for risky
alternatives in general, as opposed to a specific perception about a particular hazard.
Surfers may view earthquakes, tsunamis, and surfing as very risky, but yet choose to
continue surfing rather than stay out of the water. Thus, surfing may involve accepting
risk. Risk itself is a social construct, and people use mental models, emotions, and past
experiences to inform their risk analysis. Slovic and Weber (2002) describe two separate
risk processing systems. One is logic and fact-based and requires learning rules for
assessing risk, and the other is emotional and experience-based and happens
automatically, instantly, and without effort. People who have high familiarity with a
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specific system also view that system as less risky. In the case of surfers, they may feel
comfortable with the surf zone and trust that their knowledge and familiarity will keep
them safe. Over time, they learn that high-profile hazards associated with the surf zone
(such as drowning or shark attacks) are manageable and outweighed by the benefits of
surfing.
People tend to overestimate the risks associated with hazards when they look at
statistics. They underestimate based on experience because low probability events are
underrepresented in small (personal experience) samples (Slovic and Weber 2002).
Given the time scales of CSZ tsunamis, with the most recent event occurring in 1700,
surfers have no first-hand experience with a tsunami off the Oregon coast.
Hsu, Tseng, Chiang, and Chen (2012) highlight the different risk perceptions of
analysts and experts, managers, the general public, and insurers (and recognize blurred
lines between categories). Assessors and managers often have opinions about
acceptable risk that differ from enterprise or specific consumer populations, and it is
important to understand the specific risk perceptions and tolerances for a particular target
population. Critical elements for a risk and uncertainty assessment postulated by these
authors are listed below.
1.

Problem identification. Seek deep understanding of the problem, do not

accept another person’s hasty problem identification, and look past their explanation for
evidence. It is unknown whether surfers have properly identified the CSZ tsunami as a
hazard they should be concerned about while surfing. This study investigates how
participants identify and rank hazards related to surfing such as shark attacks, injuries
from other surfers, or collisions with one’s own board.
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2.

Understanding the concerns of relevant parties. To date, Oregon surfers

have been an overlooked stakeholder group when it comes to understanding their
potential concerns.
3.

Understanding attitudes about risk and uncertainty. Surfers already make

risk calculations on a regular basis when deciding where, when, and how to surf. It is
unknown how they calculate the low risk and high consequence situation of a nearshore
tsunami.
4.

Establishing specific risk and uncertainty study objectives. The specific

study objective is to document surfers’ perceptions of the hazards they encounter while
surfing. This includes hazards that are well known to surfers such as rocky bottoms,
wildlife, or sharp surfboard fins, as well as earthquake and tsunami related hazards which
may not be as familiar to surfers. It will then be possible to compare these perceptions
and relate them to hazards surfers encounter in their everyday lives. It is expected that
surfers will recognize the potentially deadly hazards associated with earthquakes and
tsunamis, but it is unclear how they will view these threats compared to other risks they
encounter while surfing.
In summary, risk in its most basic form is defined as a process of weighing
negative outcomes and their probability of occurring against the magnitude and frequency
of benefits (Short, 1984; Fischhoff, 2002). Social, emotional, and psychological elements
of the specific risk are important because they enter into public evaluations of risk (Slovic,
1987; Slovic & Weber, 2002; Slovic et al., 2011). The steps of thorough risk management
involve problem identification, understanding stakeholders and their attitudes about risk
and uncertainty, and establishing specific goals for the risk analysis (Hsu, Tseng, Chiang,
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& Chen 2012). Effective risk management requires understanding the population and
their tolerances for risk.

2.2 Risk in Extreme Sports
People who practice “extreme sports” have a unique relationship with risk
because they intentionally seek out risky situations. In extreme sports, people trust in
their skills, abilities and experience to maintain safety (Martha, Sanchez & Goma-iFreixanet, 2009). Existing risk analyses deserve attention because surfing has also been
termed an extreme sport. The examination of extreme sports helps understand the
mindset of people who willingly put themselves at risk for the sake of sport and other
benefits.
Rock climbers recreate in a natural environment, like surfers, and use skills and
athleticism to keep them safe. They also have the ability to adjust their exposure to risk
by choosing a climbing modality and route that suits their skill level (Martha, Sanchez &
Goma-i-Freixanet, 2009). Climbers perceive a high degree of actual risk, but continue to
seek greater challanges because they trust in their skills to stay safe. Accidents and
injuries make them question their ability, but long-term experience breeds increased risk
awareness and caution, not a sense of invincibility.
Ward (2010), in his study of risk perception among climbers at Mt. Whitney,
concluded that climbers seek to strike a balance between challenge and risk level. As
climbers increase their skills they choose harder routes, switching from modalities like top
rope sport-climbing to hard-to-protect alpine trad-climbing. This is similar to surfing,
whose participants often seek out bigger and bigger waves (Stranger, 1999). Such riskseeking behavior has been shown to increase actual risk of injury, especially when waves
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are higher than overhead, or when waves break on reefs (Moran, Webber, 2013;
Nathanson, Haynes, & Galanis, 2002; Meir, Zhou, Gilleard, & Coutts, 2011).
Leiter and Pruckner (2005) studied avalanche risk perception among residents in
Tyrol, Austria. In the fall when there were very few avalanches, participants reported
higher willingness to pay for avalanche safety measures than in the winter, when
avalanches and accompanying media stories are common. Increased exposure to media
images about avalanches increased participants’ overall perception of avalanche risk, but
decreased their willingness to pay for avalanche safety. Researchers believed that
participants attributed deaths to poor decision-making and believed that they, personally,
could avoid an avalanche. Leiter (2011) also studied Austrian alpine skiers to compare
actual versus perceived own risk of dying in an avalanche. They found that past
experience, geographical proximity, age, income, and education were all significant
predictors of risk perception among alpine skiers in Austria.
Avalanche risk is similar to tsunami risk because both affect recreationists, and
also have the potential to destroy buildings, infrastructure, and communities. Unlike
tsunamis, however, avalanches can occur many times per year, making them a regular
part of alpine residents’ lives. This means that the hazard is familiar, which according to
Slovic (1987) leads to reduced perception of risk. Avalanche risk is also smaller in scale,
and is controllable/equitable in the sense that “best practices” in avalanche safety such
as skiing on a ski patrol cleared run can reduce one’s risk. These factors make the risk
less “dreaded,” which according to Slovic (1987) reduces perceived risk. In contrast,
tsunamis are very low frequency.
Skateboarding is another extreme sport that offers insights to understanding
surfing risk. Although many people see similarities between skateboarding and surfing,

15
the risks involved are very different. Skateboarders have a higher frequency of injuries
such as concussions and broken bones; surfers are vulnerable to drowning and shark
attacks, which are lower frequency but potentially deadly. Risk in skateboarding is
different from climbing in that younger, less experienced skateboarders take more risks,
despite being less skilled while older skateboarders take less risks and are more aware of
the consequences of injury. Kern et al. (2013) conducted phone interviews with 158
skateboarders at Montreal skate parks, with a variety of ages and skill levels. Injuries did
not deter skateboarders in this study from continuing to take part in skateboarding and
push their limits. Self-efficacy and sensation-seeking attitudes were associated with
higher risk-taking and risk perception.
Extreme sports practitioners trust in their skills and abilities to keep themselves
safe (Martha, Sanchez & Goma-i-Freixanet, 2009; Ward, 2010), and as they gain more
experience they seek greater levels of risk to keep challenging themselves (Stranger,
1999). Their perception of risk increases as they witness more accidents, but so does
their trust in their skills (Kontos, 2000). Avalanche studies confirm that exposure to
hazards does not necessarily increase willingness to mitigate against that hazard (Leiter
and Pruckner, 2005; Leiter, 2011).
Yet none of these sports is a perfect analog for surfing. Climbers depend on their
skills to keep themselves safe and also face threats from natural hazards like surfers, but
do not have the same split second decision making involved in their sport. Skiers in
avalanche zones make split second decisions and face threat from natural hazards, but
there are methods for virtually eliminating those hazards such as staying out of closed
areas. Skateboarders use technique and athleticism, but their risks are related to nonnatural hazards.
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2.3 Risk in Surfing
Stranger (1999) did a qualitative analysis of motivations for risk-taking among
surfers based on interviews, surveys, and direct observation. In contrast to traditional
psychological analysis, which attributes risk-taking to tangible rewards such as improving
skills, building character, or the positive after effects, Stranger claims there is a lesstangible appeal to surfing. This element, which Stranger calls surfing’s postmodern
sublime, is a deep connection with nature and the power of a wave and a mental state of
flow, an intense feeling of euphoria with all other thoughts driven from the surfer’s mind.
As surfers get more skilled they seek bigger, faster, and more challenging waves in order
to enter the flow state and perform without thought.
In three studies about injuries, researchers used web-based methods to catalog
and characterize surfing injuries. The first study (Nathanson, Haynes & Galanis, 2002)
asked injured wave riders to report about the type, cause, and severity of their injury
using an online form. The second study asked a random sample of Australian surfers
about their injuries and safety practices using an online survey (Meir, Zhou, Gilleard, &
Coutts, 2011). The third study used incident report forms from beach lifeguards and
included surfers that sought medical attention from lifeguards and fatalities at beaches in
New Zealand (Moran and Webber, 2013). These studies concluded that lacerations from
one’s own board were the most common type of injury, and most of these lacerations
occurred as a result of contact with the fins or nose of one’s own board. The number one
cause of death for surfers is a blow to the head resulting in a concussion that leaves the
surfer unconscious. Failing to warm up or take safety measures were significantly
associated with a higher incidence of injury. Bigger, steeper waves in shallower water
over harder substrate also increase surfers’ injury rates significantly. More experienced

17
and more skilled surfers tend to seek these conditions and thus can increase their risk by
a factor of six. The base level for risk in surfing is lower than snowboarding, at 3.5 injuries
per thousand hours but this increases to 33 injuries per thousand hours, about the same
as playing college football, when surfing in hazardous conditions (Nathanson, Haynes &
Galanis, 2002). There were very few drownings, shark attacks or fatalities reported
(Nathanson, Haynes, & Galanis, 2002; Meir, Zhou, Gilleard, & Coutts, 2011; Moran and
Webber, 2013). Surfing injury statistics show the greatest risks in surfing are related to
mundane hazards associated with one’s own equipment rather than exotic and dreaded
threats like shark attacks (Nathanson, Haynes, & Galanis, 2002; Meir, Zhou, Gilleard, &
Coutts, 2011; Moran and Webber, 2013).
Surfers identified an intangible appeal which keeps them coming back for more
waves despite the potentially deadly hazards associated with the ocean (Stranger, 1999).
This is corroborated by Japanese surfers who have returned to possibly radioactive
waters near the Fukushima nuclear power plant, which went critical and leaked into
nearby coastal waters following the March, 2011 earthquake and tsunami event.
Fishermen and other users still avoid this area, but surfers keep coming due to some of
the best waves located near the reactor site – despite needing to walk by piled bags of
radioactive sand on the way to the beach (Endo, 2011; Wilson, 2017).

2.4 Earthquake and Tsunami Risk
Although this study examines risk perceptions among surfers of the Oregon coast,
it is useful to place this research within the broader literature associated with coastal
hazards, in particular earthquake and tsunami risks. Research has begun to emerge
regarding social dimensions of hazard mitigation in the Pacific Northwest (Lindell & Perry,
2000; Wood and Good, 2004). Increased personal hazard mitigation behavior is
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correlated with higher perceived risk from the hazard, and demographic traits (Lindell &
Perry, 2000). A study of Portland, OR residents found that 48% of respondents felt that
they could not control their exposure to the earthquake hazard, instead trusting public
officials and established emergency services to provide for community safety. Due to this
perception, communities tend to focus on structural changes and emergency response,
and less emphasis on personal mitigation strategies such as keeping an emergency kit
can greatly increase safety for individuals and communities alike (Flynn et al. 1999).
Wood and Good (2004) studied earthquake and tsunami risk perception and
community vulnerability in the Pacific Northwest. Their primary goal was to assess how
key stakeholders in the port, fishing community, local government and emergency
response sector perceive the tsunami risk. They also wanted to know how perceptions of
the hazard influenced the ways communities prepared for the Cascadia Subduction Zone
(CSZ) earthquake. Results from Wood and Good (2004) showed that their participants
thought earthquake hazards were much more likely to occur in the next 50 years than
tsunamis. Oregonians also overestimated the chances of a tsunami in the next 50 years.
Most respondents thought that there was a 40-60% chance, while the most recent
models predict a 30% chance (Goldfinger et al., 2012). When responding to open-ended
questions, only 12% of participants recognized that a tsunami may accompany an
earthquake (Wood and Good, 2004). In general, participants tended to discuss
consequences of hazards instead of the mechanisms that cause the consequences.
Despite knowing little about specific sources of hazards, 61% of Oregon residents in the
study properly recognized that Pacific Northwest communities are highly vulnerable to
fatalities and structural damage from tsunamis. About 30% more public sector
respondents than general community members thought that Pacific Northwest
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communities are highly vulnerable to earthquakes. In combination with the large number
of “don’t know” and “not at all” responses, these results indicate a very low level of
specific knowledge about tsunami hazards, especially in the private sector.
Orchiston, Johnston, Nielson, Corwin, & Becker (2015) conducted a non-random
sample of coastal residents and stakeholders, using a survey and focus group about
tsunami knowledge, awareness, and response. Researchers found a high level of general
awareness among the participants, but there were a wide variety of reactions to that
awareness. Some people felt confident in their own preparations but were concerned for
vulnerable segments of their communities, while others reported hearing myths about an
offshore reef that would protect the coast from a tsunami. There was a considerable
variability in fatalism, which was more prevalent in people who do not live near high
ground. Questionnaire results showed that participants overestimate the likelihood of a
tsunami in their lifetimes. Eighty-six percent said they would evacuate if the felt a strong
earthquake, and all participants properly identified that they would have less than 30
minutes to respond (Orchiston, Johnston, Nielson, Corwin, & Becker, 2015).
Lindell et al. (2009) examined motivations of California and Washington residents
for choosing some earthquake hazard mitigation strategies over others. Participants were
asked about hazard mitigation strategies in their own homes, earthquake experience, risk
perception, and demographic information. Results showed that older, white homeowners
were less concerned about the cost of hazard adjustments, but were less convinced of
their effectiveness. They did a path analysis and confirmed that efficacy, cost, and risk
mitigate the relationships between hazard adjustments, physical environment, and
societal stakeholders. People like mitigation strategies that are directly life-saving and
that are adaptable for other situations (such as emergency kits, fire extinguishers, etc.).
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The authors suggest people do not purchase earthquake insurance because it is
expensive, earthquake-specific, and does not protect people’s lives (Lindell, Arlikatti, &
Prater, 2009).
People pay attention to a variety of sources when deciding whether to evacuate
from hazards, and may need to be warned repeatedly from multiple sources before they
take action. Three factors are significant in the decision-making process: definition of
threat as real, level of perceived risk, and presence of an adaptive plan. Burnside, Miller,
and Rivera (2007) conducted phone surveys with 1200 people who were asked whether
they would evacuate in response to a public warning of hurricanes, given different “levels”
of warnings from different sources. They found that family and friends have a greater
impact than media, visual images make people more likely to evacuate, and risk
perception was an important factor. The authors concluded that information source
characteristics had an effect on participants’ decision to evacuate.
Risk perception of hazards is associated with mitigation behaviors, but most
people trust in systems and government officials to keep them safe even though personal
mitigation strategies are highly effective (Flynn et al., 1999). When choosing a personal
mitigation strategy, most people tend to favor behaviors that are general and directly lifesaving, such as food stocks, medical supplies, or emergency kits (Lindell, Arlikatti, &
Prater, 2009). Confusion about tsunami mechanisms and effects are common in Oregon
due to the infrequent occurrence of this hazard, yet the public is able to recognize the
extreme vulnerability of buildings and infrastructure (Good & Wood, 2004; (Orchiston,
Johnston, Nielson, Corwin, & Becker, 2015). People look to a variety of sources when
deciding whether or not to evacuate, but a close friend or family member telling them to
leave is the strongest predictor (Burnside, Miller, and Rivera, 2007).
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2.5 Firsthand Surfer Survivor Accounts
The final body of literature providing context for this thesis is firsthand surfer
survivor accounts. There has been little systematic analysis of firsthand accounts of
surfers surviving large-scale tsunamis. However, these examples provide insight into
surfer risk perceptions, and perhaps their misperceptions of the risks associated with
surviving a CSZ tsunami event. Firsthand accounts from these earthquakes suggest that
it is possible for surfers to survive a tsunami. Despite being in a very vulnerable position,
experienced surfers are often well-equipped to improve their condition especially with
proper preparation. An experienced surfer is generally a strong swimmer in good physical
condition, with a high level of situational awareness. The following first hand survivor
stories illustrate the unusual perspective of being in the water during a tsunami.
Delian and Ran were taking a surf lesson in Sri Lanka during the 2004 Indian
Ocean tsunami. Because of the long distance from the rupture, their first warning was the
sight of the tsunami approaching them from offshore. They were washed inland by the
first wave, and managed to avoid being swept out to sea when the wave receded. With
little time to get to high ground, their instructor told them to stay away from shore. They
ran across the mud flats towards the ocean, but when they reached a return-flow
channel, Delian was sucked underwater by her surfboard, and Ran removed his leash to
jump in and help. Delian eventually climbed her leash to the surface, but Ran was
nowhere to be seen. Then the tsunami wave came back in, sweeping Delian shoreward
again. This time she was able to cling to some high tree branches, remove her leash, and
call for help. After the waters receded, some bystanders brought her to a tall building
where others were taking shelter. After their separation, Ran had found his board and
strapped it to his wrist. The current carried him 2km from shore and he swam to a drifting
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boat but was unable to get it started. Another boat eventually found him and took him to
shore, where he ran into Delian moments after stepping back onto dry ground (Elfassay,
2005).
On September 29th, 2009 New Zealander Chris Nel was vacationing at a surf
camp in Western Samoa. That day the Samoa Kermadec-Tonga subduction zone
ruptured, causing a magnitude 8.0 earthquake. He felt a small tremor that morning, but
went surfing anyway because he was used to small, frequent earthquakes where he is
from. While surfing, he noticed that the water got smooth and lumpy in a way he’d never
seen, and then realized that the group of surfers was being drawn rapidly out to sea. He
looked back and saw that the reef they had been surfing was completely dry. Then the
tsunami wave came back towards shore. The surfers attempted to paddle to shore while
dodging sharp exposed reef, entire trees, and other debris. After 45 minutes they were
able to use a surge of the tsunami wave to pass through the reef channel. They spent
some time searching the wrecked surf camp, and then evacuated to higher ground when
they heard another tsunami warning (Kiwi surfer rides out tsunami, 2009).
Tom Gogola, a 22 year-old from England, was surfing in the same area at the time
of the October 19th, 2009 tsunami. The first warning sign he noticed was the bore of the
tsunami wave coming towards shore. He paddled as hard as he could towards the
tsunami wave to keep from being dashed against the reef he had been surfing. He kept
the nose of his board pointed up to avoid getting sucked underwater, and rode up the
front of the wave and over the top of the bore. He and his friend continued to paddle out
and away from the destruction onshore, and were eventually picked up by a boat. They
later learned that many surfers in their area were swept into the jungle by the wave (BBC
News, 2009).
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Neil Lumsden, a resident of Samoa, had taken his son and son’s friend out to a
nearby reef that same morning. He anchored their small boat outside the reef pass, and
left the two children onboard while he went surfing. They did not notice the quake, but
some time later Neil saw the reef go dry and instantly knew it was a tsunami. He looked
over to where anchored boat and saw it sitting in a puddle of water on top of dry seabed.
As he paddled towards the boat, the water began to rise. When the rushing flow hit the
boat, the rope went taught against the mooring and the nose of the boat started to dive
underwater. When he reached the boat he tried to pull himself in, but the tsunami pulled
him back until he unstrapped his leash. He started the boat’s engine, released the
mooring, and navigated the boat away from shore to safety. They watched the tsunami
go in and out 4 times from deeper water, and then returned to shore to find, “…complete
devastation…” (Cote, 2009).
On October 25th 2010, a magnitude 7.8 earthquake occurred along the West coast
of Sumatra, accompanied by tsunami waves up to 8 m. Rick Hallet, a charter surf tour
guide, was 100 km from the rupture, playing cards and drinking beer on the back deck of
their boat after a long day of surfing. They did not feel the earthquake, but Rick heard a
distant roar and immediately thought a tsunami might be on the way. He got to the
seaward side of the ship and saw a wave 3 m high and 1 km wide headed towards them.
He tried to get the boat’s engines started, but when the tsunami struck, another boat was
moored nearby. It collided with theirs and caused an explosion, setting both vessels
aflame. At that point they threw surfboards in the water and abandoned the boat. Both
burning vessels and all surfers were washed 200m into the jungle. The surfers managed
to climb trees and sat for about an hour until they heard the roar of the tsunami receding
into the distance (Hallet, 2010).
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These cases illustrate the chaos and confusion that can happen when a tsunami
strikes. These survivors experienced wave heights up to 11 meters. In Oregon, the CSZ
earthquake is expected to trigger tsunami wave heights up to 20m. Nearshore tsunami
waves will strike after violent shaking from the earthquake has already affected the area
because the fault is close to shore. In short, the CSZ earthquake and tsunami will
probably be more energetic and destructive than the cases illustrated above. Unlike the
cold waters off Oregon’s coast, warm waters in Sri Lanka, Sumatra, and Samoa allowed
those who were swept out to sea to survive for hours or days before being rescued or
swimming back to shore (O’Donnel, Ehrlich, & Kearney, 2005).
Important lessons for increasing life safety for surfers evacuating from the
inundation zone can be learned from these cases. The primary lesson is to know the
warning signs of an impending tsunami. Tsunamis can cause unpredictable currents that
can pull surfers underwater or sweep them out to sea. Surfers evacuating from a tsunami
also need to be aware of the hazards/opportunities posed by trees, boats, and other
debris floating in the water. Climbing or holding onto trees may be an effective strategy if
a surfer is caught in a tsunami wave or needs to evacuate vertically in a hurry. Surfboards
played an important role in each of these stories; having floatation allows one to
locomote, hold onto objects, or stay afloat for long periods of time. In some cases, these
abilities were essential for survival or enabled surfers to help others in danger but in other
cases surfers were pulled underwater or otherwise entangled by their surf leash. Surfers
should try to keep their surfboard, but should release it if the board becomes
cumbersome or entrapped.
An additional lesson is that surfers have unique traits that make them good
candidates for tsunami outreach and education. Experienced surfers are in tune with the
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ocean and are students of changing conditions. Surfers in these stories noticed unusual
deformations in the water’s surface or other tsunami warning signs. After the tsunami hit,
surfers used their skills, fitness, and equipment to keep from hitting the shore or being
caught in debris. Having these abilities and confidence also helped them stay calm under
pressure. For example, surfer Hideaki Akaiwa donned his wetsuit and swam 200 yards to
save his wife and mother after the 2011 Tohoku tsunami in Japan (James, 2011). This
action is not advisable according to hazard literature, but his equipment and skill enabled
him to rescue his family. Other surfers on the beach during the 2011 Tohoku tsunami and
reported that surfers who were in the water noticed the earthquake and moved to high
ground; others who were in their homes or other buildings were caught by surprise and
could not evacuate in time (Wilson, 2017).

2.6 Gaps in the Literature, Research Questions, and Hypothesized
Relationships
The current study fills two important research gaps. While risk perception has
been studied extensively and several studies specifically target extreme sports, there has
yet to be an analysis of risk perception in surfing. Research examines the injuries that
surfers receive (Meir, Zhou, Gilleard, & Coutts, 2011; Nathanson, Haynes & Galanis,
2002; Moran and Webber, 2013) and the motivations for taking risks (Stranger, 1999).
Yet little empirical research has examined surfers’ perceptions of the risky elements of
surfing, or their perceptions of mitigating behaviors to reduce risks. This exploratory
research helps set the base line for surfers’ general sense of risk, but is not a true relative
risk study and does not compare loss of life or injuries.
The second gap in the literature is surfers’ risk perceptions specific to tsunami
hazards in Oregon. As of this writing, “best practice advice” for surfers who are caught in
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a tsunami is not readily available in Oregon, so the level of knowledge that exists about
tsunamis is uncertain. For tsunami safety and outreach efforts, it is critical for coastal and
state managers to know how surfers perceive the threat and how this information can be
presented to maximize life safety.
Based on this literature review, five questions arise. Questions one through three
are related to general surfing risk, and questions four and five specifically address
earthquakes and tsunamis.

Research question 1. What do surfers consider to be the risky part of surfing, and how do
these risks compare to other risks in everyday life and risks of tsunamis?

Research question 2. Do demographics (age, surfing experience, coastal resident status)
influence locus of control, risk perception, and tsunami mitigation behaviors?

Research question 3. Is locus of control associated with personal mitigation strategies?

Research question 4. Are the relationships between locus of control and risk perception
comparable for surfing hazards, tsunami hazards, and general hazards?

Research question 5. Are surfers aware of onshore CSZ earthquake and tsunami signs
(such as shaking trees, damaged structures, or landslides) that might be visible from the
water?
The original intent of this thesis was to answer the above questions; however, the
literature review and research questions also yielded several hypothesized relationships:
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H1) participants’ demographic traits have a direct effect on locus of control, risk
perception, and mitigation behaviors;
H2) participants’ locus of control is influenced by demographic traits, and in turn
influences risk perception;
H3) risk perception is influenced by demographic traits and locus of control, and
has an effect on mitigation behaviors, which are also influenced by demographic traits.
Examining participant’s different perceptions of earthquale related, surfing related, and
everyday hazards, the relationships described above must be tested for tsunami
variables, surfing variables, and combined variables. Figure 1 represents the
hypothesized relationships.
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Figure 1. Hypothesized path analysis models
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Chapter 3: Methods
This research utilized a multi-method approach to gather data to address the
research questions. This section describes the general survey, participant recruitment,
and the sampling frame.

3.1 The Survey Questionnaire
Data were collected using surveys gathered onsite and online, with all protocols
approved by Oregon State University’s Institutional Review Board. Participants included
adult surfers over the age of 18 who have surfed in Oregon at least once. Online
participants were contacted through the mailing list of Surfrider, Oregon (a surfing interest
group) and through circulation on the Oregon State University Surfers social media page.
Hard copy surveys were collected at local Surfrider events, a local coastal academic
conference, and on location at South Beach State Park, Yaquina Bay Bridge State Park,
Agate Beach State Recreation Area, Moolack Beach parking lot, and Devil’s Punchbowl
State Natural Area – all in Oregon. Data collection took place between August 24th, 2016
and January 25th, 2017. The online and onsite questionnaires contained the same items,
and gathered the following types of data: demographic information, risk perceptions,
locus of control, risky surfing behaviors, and risk mitigation behaviors. The complete
questionnaire is in Appendix A.
To measure demographics, the questionnaire asked about residency location,
surfer skill characteristics, age and gender. For residency, participants were asked, “Are
you a coastal resident?” (yes or no), “If yes, how long have you lived on the coast?” (fill in
response), and “If yes, do you live in an inundation zone?” (yes, no, or don’t
know/unsure). Participants’ surfing characteristics were measured by asking how many
years they had been surfing, how many hours per week they normally surf, and “How
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would you describe your surfing skill?” (novice, intermediate, advanced, or expert). At the
end of the questionnaire, participants were asked to enter their age and gender (male,
female, or “different identity, please state:” a free response).
To measure general and surfing risk perceptions, questionnaire items were
adapted from Kern et al. (2013), which included a Risk of Injury in Sports Scale (Kontos,
2000); to measure risk perception, a Risk-Taking Behaviors Scale to measure risk-taking,
and the Gymnastics Fear Inventory to measure fear of being injured. These were adapted
to fit surfing, life, and earthquake/tsunami hazards for the purposes of this study.
General risk perceptions were measured on a scale from one (very unlikely) to
four (very likely) with the prompt, “How likely do you think it is that you will need medical
attention from _____ in your lifetime?” This was followed by a table of hazard items that
included heart disease, plane crash, traffic accident, surfing, choking, fire, 9.0
earthquake, and nearshore tsunami. For clarification, a nearshore tsunami simply refers
to any tsunami that effects a nearshore region. A near-field tsunami is one that is
generated nearby. The type of tsunami referred to in this research is a near-field and
nearshore tsunami, but is referred to as a nearshore tsunami for simplicity. Responses
from this table were used to answer research questions one and two.
Surfing risk perceptions were measured on a scale from one (very unlikely) to
four (very likely) with the prompt, “While surfing in Oregon, how likely do you think it is
that you will be injured by any of the following during your lifetime?” This was followed by
a list of surfing hazards, including hypothermia, collision with another surfer, collision with
sea floor, collision with your own board, impacting water at speed, skin, ear, or eye
infection, shark attack, other wildlife attack, drowning, 9.0 earthquake, and nearshore
tsunami.
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Each item on the surfing hazard list was assigned a letter-value. Participants were
asked to rank by letter which 3 events were most hazardous to them. Responses from
this table were used to answer research questions one (What do surfers consider to be
the risky part of surfing, and how do these risks compare to tsunami risks and other risks
in everyday life), two (Do demographics influence locus of control, risk perception, and
mitigation behaviors?), and four (Are the relationships between locus of control and risk
perception comparable for surfing hazards, tsunami hazards, and general hazards?).
Also in support of research questions two and four, participants were also asked to
respond on a 4-point scale from 1 (strongly disagree) to 4 (strongly agree) to the prompt,
“It is dangerous to paddle out when no one else is surfing.”
Tsunami risk perception was measured by asking participants, “How likely do
you think it is that a catastrophic earthquake and near-shore tsunami will occur in this
area during your lifetime?” with responses ranging on a 4-point scale from 1 (very
unlikely) to 4 (very likely). This questionnaire item was adapted from other research about
tsunami evacuations in Oregon (Wang, Mostafizi, Cramer, Cox, & Park, 2016). It was
used to answer research question two (Do demographics influence locus of control, risk
perception, and mitigation behaviors?).
To measure surfing locus of control participants were asked to respond on a 4point scale from 1(strongly disagree) to 4 (strongly agree). The statements were, “Surfing
injuries can always be prevented by proper judgment and good decision making,” and,
“Surfing injuries are random accidents that can happen to anyone at any time.”
Tsunami locus of control was measured on the same 4-point scale with the
following statements: “In the event of a tsunami, I will not be hurt because I will evacuate
and take steps to remain safe;” “The only reason for tsunami fatalities is failure to
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evacuate;” and “I am just as likely to become a tsunami victim as anyone else.” These
responses were used to answer research questions two (Do demographics influence
locus of control, risk perception, and mitigation behaviors?), three (Is locus of control
associated with personal mitigation strategies?), and four (Are the relationships between
locus of control and risk perception comparable for surfing hazards, tsunami hazards, and
general hazards?).
To measure surfing risk mitigation behaviors, participants were asked to check
the boxes for all the safety devices and practices they use. Response options included a
list of effective mitigation strategies for surfers (Nathanson, Haynes, & Galanis, 2002;
Meir, Zhou, Gilleard, & Coutts, 2011; Moran and Webber, 2013). These included using a
surf leash, a warm up or stretching before surfing, extra hydration, surf helmet, foam top
board, ear plugs, surfboard end caps, sunscreen, and soft edged fins.
Surfers can also mitigate risk by choosing locations and conditions that are
appropriate for their skill level (Nathanson, Haynes, & Galanis, 2002; Meir, Zhou,
Gilleard, & Coutts, 2011; Moran and Webber, 2013). Participants were asked; “how often
in the last year did you paddle out while there was no one else was surfing?” as a
measure of risky behavior. Responses were on a 4-point scale that included 1 (never,
zero times), 2 (somewhat often, 1-10 times), 3 (often, 11-50 times) and 4 (very often, 50
or more times). Participants were asked, "how often in the last year did you decide not to
paddle out due to dangerous conditions?”, Responses were on the same 4-point scale
from 1 (never, zero times) to 4 (very often, 50 or more times).
Tsunami mitigation behaviors were measured with a survey item adapted from
previous tsunami evacuation research in Oregon (Wang, H., Mostafizi, A., Cramer, L.A.,
Cox, D., Park, H., 2016). Participants were asked to check boxes for the tsunami
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preparation activities they had done. Response options included participating in an
evacuation drill, preparing a to-go disaster kit, and making a disaster plan. To determine
whether surfers engage in tsunami mitigation behaviors while surfing, participants were
asked to respond on a 4-point scale from 1 (strongly disagree) to 4 (strongly agree) to the
following statement, “I know the closest high ground near the places that I surf.”
Mean scores are used for calculating variables in this exploratory and preliminary
analysis. A transformation of the data was not performed so some of the standard
deviations reported should be interpreted with caution. Results from this study do not
depend on standard deviations, they are reported simply as a way to understand the
variation in the data.
A single variable for surfing locus of control was made from participants’
responses to the prompt, “Surfing injuries are random accidents that can happen to
anyone at any time,” then was reverse coded, and averaged to the response from,
“Surfing injuries can always be prevented with proper judgment and good decision
making.” Low scores indicate an externally-oriented locus of control, and high scores
indicate a self-oriented locus of control. Similarly for tsunami locus of control, participants’
responses to the prompt, “I am just as likely to become a tsunami victim as anyone else,”
was reverse coded and then averaged with responses from “The only reason for tsunami
fatalities is failure to properly evacuate,” and “In the event of a tsunami I know I will not be
hurt because I will take the appropriate steps to evacuate and remain safe,” to make a
single variable for tsunami locus of control. Low scores indicate an externally-oriented
locus of control and high scores indicate a self-oriented locus of control.
Chronbach’s alpha is a test that measures scale reliability and is used to decide
whether multiple survey items can be combined into a single variable. The test statistic is
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based on the number of survey items to be combined and the inter-correlation between
those items. Generally, a Cronbach’s alpha of 0.7 or higher is considered acceptable
(Vaske, 2008). Chronbach’s alpha for the locus of control variables was much lower than
0.7, so a combined locus of control variable was not constructed.
A single variable for surfing risk perception was created by averaging the 4-point
scores from each surfing risk, excluding 9.0 earthquake and tsunami risk to avoid
redundancy. Chronbach’s alpha for this variable was 0.715, which is in the acceptable
range. A variable for tsunami risk perception was made by taking the average response
from the question, “How likely do you think it is that a catastrophic earthquake and
tsunami will occur in this area during your lifetime” and the tsunami items on the surf-risk
table and tsunami-risk table. Chronbach’s alpha was 0.797 for this variable. A factor
analysis was performed to see if the general risk variables could be grouped into
categories. Chronbach’s alpha was found to improve if the general risk variables were
split into categories for disaster hazards (9.0 earthquake, tsunami, airplane) and
accidental hazards (heart disease, food poisoning, traffic accident, choking, fire). A
general risk perception variable was made by taking the average from the surf-risk table,
life-risk table, “How likely do you think it is that a catastrophic earthquake and tsunami will
occur in this area during your lifetime,” “It is dangerous to paddle out when there is no
one else surfing,” and the tsunami items on the surf-risk table and tsunami-risk table.
Chronbach’s alpha was 0.79 for the general risk perception variable.
Surfing risk mitigation behaviors were measured by adding together the number of
safety devices that surfers use. Tsunami risk mitigation behaviors were measured by
adding together the number of tsunami mitigation activities that participants have
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engaged in. Chronbach’s alpha for surfing and tsunami mitigation behaviors were below
the acceptable threshold, so an overall risk mitigation variable was not constructed.

3.2 The Participants
Surfers in general, including those on the Oregon coast, must navigate strong
currents that demand physical fitness, knowledge of conditions and hazards, and mental
acuity to remain focused. During the winter months, Oregon’s coast is commonly battered
by large storms from the North Pacific, making the surf large, disorganized, and
dangerous. During these times very few surfers can be found at the beach. Between
storms or during summer months the wave conditions can be ideal, and Oregon’s many
idyllic coastal state parks and highly energetic wave climate provide incredible
opportunities for surfers. The result is a highly variable and transient surfer population
(Eardley & Conway, 2011).

3.3 Sampling techniques
People who surf the Oregon coast are not required to register, so a full list of the
population of all Oregon Surfers was not available. To maximize the number of
respondents, a multistage sampling method was used (Vaske 2008). The first stage used
a convenience sample of on-line participants contacted through the Surfrider, Oregon and
Oregon State University (OSU) surfer organizations, and the second stage employed onsite surveying techniques.
Surfrider is a non-profit organization founded by surfers that advocates for the
protection of coastal places. They raise money, hold regular meetings, and plan
fundraisers and events consistent with their mission statement of bringing awareness of
the ocean. Permission from the organization leadership was obtained to carry out
surveying at Surfrider events and to utilize the Surfrider, Oregon mailing list and
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Facebook page to reach out to potential respondents. The OSU surfers are an activity
oriented social media group which is used to share experiences and coordinate rides to
the coast.
On-line surveys were carried out in accordance with recommendations by Vaske,
(2008). The recruitment materials were very short, with two small paragraphs of text with
IRB materials integrated into the online questionnaire.
The questionnaire was distributed to the approximately 500 members of the
Surfrider, Oregon mailing list on August 24, 2016. This resulted in 10 responses over the
first two weeks, but repeated contacts were not allowed by the manager of the mailing
list. Nonetheles, six more individuals from the mailing list responded over time, for a total
of 16 questionnaires from the Surfrider mailing list. On September 23rd, 2016 the link to
the on line survey was posted on the Surfrider, Oregon Facebook page, which resulted in
4 questionnaires in the first 3 days, and then 4 more in the next 3 months. No repeated
postings were allowed.
On January 4th, 2017 the survey link was posted on the OSU Surfers Facebook
page, which has 100 members. There were seven completed questionnaires in the first
three days. After a reminder post on January 11, 2017 seven more questionnaires were
completed in two days. After a final contact on January 25, 2017 one more questionnaire
was completed. The total number of questionnaires gathered online was 39.
On-site data collection was carried out according to techniques recommended for
recreation populations by Vaske (2008). When populations are transient, on-site surveys
are often the best means of gathering a sample. The trade-off is that only those who are
recreating at the places and times that data collection occurred are surveyed. Because
data collection occurred in the fall and winter when the waves are large and the weather
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is poor in Oregon, it is likely that the sample includes more experienced, more skilled
surfers who live and recreate at the coast. Summer more commonly finds large groups of
beachgoers and beginner surfers.
On-site surveys were kept short (a single page front and back) to minimize the
burden on participants. Surfers unhappy about taking time away from their recreation
may refuse the survey if it is too long. Long surveys can also lead to poor data if
respondents become fatigued and provide inaccurate data. At a recreation site where the
researcher may be keeping participants away from their leisure, it is especially important
to be aware of these concerns and mitigate them (Vaske, 2008).
Due to the low density of surfers on the Oregon Coast and the transient nature of
the population, a convenience sample was used (see Table 1 – Sampling Schedule). A
convenience sample is a subgroup of the population to which the researcher has ready
access, and is used when a complete list of the population is not available (Vaske, 2008).
On a given week of sampling, the 3 days with the best surf conditions were selected. On
each of those three days, morning (9am), mid day (12pm), or evening (5pm) was
selected depending on which time interval had the best forecasted conditions.
Researchers selected a location likely to have good surf, and moved to another spot until
at least 3 surfers were found. After a time and location were selected, attempts were
made to get a questionnaire from every adult surfer in each group as they came and went
from the beach and parking lot. If after two hours no new surfers arrived, the next
sampling location was selected.
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Table 1. The sampling schedule and user counts for hardcopy surveys.

10/2/16
10/2/16

Date

Location

2000

900

1900

1408
15:46

Time in

914

2200

1500

2100

Time
out
1452
1400

0

-

-

-

Parking
lot
0
0

0

-

-

-

2
1

Surfing

5

0

7

3

5

1
0

Surveys

10 to
16

7 to 9

2 to 6

1
-

#

0

0

4

1
0

Refusals

0

0

2

Take
home
1
0

11/15/16

10/29/16

10/11/16

900

2

0

South Beach
Agate Beach
Green
Dragon Pub
State of the
Coast
Board Raffle
Bier 1
South Beach
3

0

12/1/16

1100

0

0

940

0

0

Otter Rock

0

24

12/3/16

17 to
21

12/1/16

1100

40

0
0

0

1045

10

0
0

0

12/3/16

1500

0
0

1

1130

1520
1530

5

1
1515
1525

9

0
0

South Beach
Yaquina Bay
Bridge
Agate Beach
Otter Rock

0

0
0

12/6/16
12/6/16

1615

0

1545

0

South Beach

0

12/6/16

0

3

0
0

4

0
0

0

0

0
0

22 to
45
46 to
50
51 to
53
54 to
68

1

1030

0
4

15

1000

0
0

11

Agate Beach

1115
1245

2

12/7/16

1100
1230

1500

12/7/16
12/13/16

1300

South Beach
Otter Rock
Moolack
Beach
12/13/16
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All surfers who were getting ready or packing up were approached. If there was a
group, each individual was asked if they would be willing to fill out a separate survey to
avoid social bias. Verbal consent was obtained and the goals of the project were briefly
described, and the survey was handed out and collected. Completion generally required
5-10 minutes.
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Chapter 4: Results
Questionnaires were completed by 107 respondents; 39 online and 68 onsite,
respectively, and are treated as one data set. See Appendix B for a comparison of mean
scores between onsite and online surveys. Utilizing SPSS, data were entered, cleaned,
and analyzed. This section reflects results about demographics, risk perceptions, locus of
control, risky behaviors, and mitigating behaviors. Following the descriptive information,
results from non-parametric correlations, group comparisons, and path analyses are
provided.

4.1 Demographics
The average surfer was male, 34 years old, had 13 years surfing experience, and
self-reported intermediate skill (see Table 2). Fifty-one percent of participants identified
themselves as coastal residents, with an average of 15 years living on the coast (see
Table 3). Among the coastal residents, 40% live in an inundation zone, 38% do not, and
22% do not know whether they live in an inundation zone. Age, surfing experience,
coastal residency time, hours per week surfing, and self report surfing skill were intercorrelated. See Appendix C for the inter-correlations table.
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Table 2. Frequency statistics for demographic variables
frequency

valid %

Yes

50

52

No

47

48

Yes

19

38

No

20

40

Don't know/unsure

11

22

Novice

17

19

Intermediate

42

47

Advanced

25

28

Expert

6

7

Male

65

72

Female

25

28

Different identity

0

0

Are you a coastal resident?

Do you live in a tsunami inundation
zone?

How would you describe your surfing
skill?

What is your gender?
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Table 3. Mean statistics for demographic variables
Mean

Standard deviation

n

15.6

15.4

48

Years of surfing
experience

12.5

13.1

94

Hours of surfing per
week

4.3

4.1

82

34

11.4

90

Variable
Coastal residency time

Age
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4.2 Risk Perception and Locus of Control
The “life risk” table was used to assess participants’ general risk perceptions for
hazards they encounter in everyday life, and to compare them to earthquake, tsunami,
and surfing risk perceptions (see Table 4). Participants were asked, “How likely do you
think it is that you will require medical attention from each of the following during your
lifetime?” This was followed by a list of hazards that participants could encounter in every
life, and responses ranged from 1 (very unlikely) to 4 (very likely) for each hazard. Traffic
accident (m = 2.7) received the highest mean score, followed by food poisoning (m =
2.64) and then surfing (m = 2.5). The average scores for earthquake risk (m = 2.1) and
tsunami risk (m = 2.1) were higher than heart disease (m = 2), choking (m = 2), fire (m
=1.93), and plane crashes (m =1.39).
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Table 4. Mean statistics for risk perceptions
Mean

Standard deviation

2

.8

Plane crash

1.4

.6

Traffic accident

2.7

.7

Food poisoning

2.6

.8

Surfing

2.5

.8

Choking

2

.7

Fire

1.9

.6

9.0 Earthquake

2.1

.8

Nearshore Tsunami

2.1

.8

Life risk table total

2.1

.5

Hypothermia

2.1

.7

Collision with other surfer

2.8

.7

Collision with sea floor

2.7

.7

Collision with own board

3.2

.7

Impacting water at speed

2.7

.8

Skin, ear, or eye infection

2.5

.8

Shark attack

1.6

.8

Other wildlife

1.7

.7

Drowning

1.8

.7

9.0 Earthquake

1.9

.8

Nearshore tsunami

2

.8

Surf risk table total

2.3

.4

2.7

.8

How likely do you think it is that you will require medical
attention from the following during your life?
Heart disease

How likely do you think it is that you will be injured by the
following while surfing in Oregon?

How likely do you think it is that a catastrophic
earthquake and tsunami will occur in this area during your
lifetime?

Responses ranged from 1 to 4 on a scale from very unlikely to very likely.
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A similar table was used to compare the hazards that participants encounter while
surfing (see Table 4). The top of the table asked participants, “While surfing in Oregon,
how likely do you think it is that you will be injured by any of the following during your
lifetime?” This was followed by a list of possible surfing hazards, with responses ranging
from 1 (very unlikely) to 4 (very likely). Collision with one’s own board had the highest
mean score (m = 3.2), followed by collision with other surfers (m = 2.8), collision with the
sea floor (m = 2.7), impacting water at speed (m = 2.7), and infections (m = 2.5).
Hypothermia (m = 2.06), tsunami (m = 2.0), 9.0 earthquake (m = 1.0), drowning (m = 1.8),
injuries from other wildlife (m = 1.7), and shark attacks (m = 1.6) received the lowest
scores. Participants were also asked to rank by letter the 3 surfing events they consider
most hazardous (See table 5). Collision with own board, and hypothermia consistently
appeared in the top three, followed by collision with the sea floor. Interestingly, nearshore
tsunami also appeared on the ranking list.
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Table 5. Frequency statistics for ranked surfing hazards
frequency

valid %

Hypothermia

22

28

Collision with own board

19

24

Nearshore tsunami

10

13

Collision with own board

21

28.0

Hypothermia

16

21.3

Collision with sea floor

12

16.0

Hypothermia

15

20.0

Collision with own board

12

16.0

Collision with sea floor

9

12.0

Skin, ear, or eye infection

9

12.0

1st

2nd

3rd

Locus of control is the degree to which a person believes they have power over
their own destiny. A surfer with self-oriented locus of control believes that errors in
judgement or insufficient skill are responsible for surfing injuries. In contrast, a surfer with
externally-oriented locus of control believes that environmental conditions or random
happenings are responsible for injuries.
To measure surfing locus of control, participants were asked to respond on a
scale from 1 (strongly disagree) to 4 (strongly agree) to the following statements: “Surfing
injuries can always be prevented by proper judgment and good decision making,” (M =
2.6) and, “Surfing injuries are random accidents that can happen to anyone at any time,”
(M = 2.6, see Table 6).
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Table 6. Mean statistics for locus of control
Mean

Standard
deviation

Surfing injuries can be prevented with good judgment

2.6

.9

Surfing injuries are random accidents

2.6

.8

I know the closest high ground near places I surf

3.1

.8

It is dangerous to paddle out when no one is surfing

2.7

.7

In the event of a tsunami, I will not be hurt because I will evacuate
and take steps to remain safe

2.1

.7

The only reason for tsunami fatalities is failure to evacuate

2.8

.7

I am just as likely to become a tsunami victim as anyone else

2.7

.7

Surf variables

Tsunami variables

Responses ranged from 1 to 4 on a scale from very unlikely to very likely.

The questionnaire also included items to measure tsunami locus of control to see
if participants’ responses varied from surfing locus of control (see table 6). An individual
with self-oriented tsunami locus of control believes that injuries from tsunamis are a result
of personal decisions like poor preparation or failure to evacuate. An individual with
externally-oriented tsunami locus of control believes that anyone can be injured as a
result of a tsunami if they are in the wrong place at the wrong time. Tsunami locus of
control was measured by asking participants to respond on a scale from 1 (strongly
disagree) to 4 (strongly agree) to the following statements: “In the event of a tsunami, I
will not be hurt because I will evacuate and take steps to remain safe,” (M = 2.1) “The
only reason for tsunami fatalities is failure to evacuate,” (M = 2.8) and “I am just as likely
to become a tsunami victim as anyone else,” (M = 2.7).
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Participant average responses were near the middle of the self-external spectrum
for surfing locus of control. In contrast, average responses on tsunami locus of control
items were towards the external control end of the spectrum.

4.3 Risky and Mitigation Behaviors
The questionnaire included a series of items about participants’ risky and
mitigation behaviors. Certain surfing behaviors are associated with more risk than others,
and surfers can mitigate their personal risk by choosing not to engage in risky surfing
behaviors (Nathanson, Haynes, & Galanis, 2002; Meir, Zhou, Gilleard, & Coutts, 2011;
Moran and Webber, 2013). Surfing alone is considered a risky behavior because if an
accident occurs there is no one to help; a blow to the head resulting in unconsciousness
is the number one cause of death for surfers (Nathanson, Haynes, & Galanis, 2002; Meir,
Zhou, Gilleard, & Coutts, 2011; Moran and Webber, 2013). As an example of a risky
behavior, participants were asked how often in the last year they paddled out while no
one else was surfing. Responses varied from 1 (never, zero times) to 4 (very often, 50 or
more times), and the average response was 2.2 (See table 7).
Table 7. Mean statistics for risky surfing behaviors
Mean

Standard
deviation

How often in the last year did you paddle out alone?

2.2

.8

How often in the last year did you decide not to paddle out due to
dangerous conditions?

2.3

.8

Behavior

Responses ranged from 1 to 4 on a scale from never (0 times) to very often (50 or more times).

If a surfer decides not to go surfing on a stormy day, that is an an example of risk
mitigation (avoiding an increased risk situation). Participants were asked how often in the
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last year they decided not to paddle out because of dangerous conditions. Responses
varied on a scale from 1 (never, zero times) to 4 (very often, 50 or more times), and the
mean score among participants was 2.34 (see table 7).
Surfers can also mitigate their risk of injury by using surf safety devices and
practices (Nathanson, Haynes, & Galanis, 2002; Meir, Zhou, Gilleard, & Coutts, 2011;
Moran and Webber, 2013). Participants were asked to check all the boxes for safety
devices and practices they use. In the sample, 95.5% of participants reported using a surf
leash, 63% warm up or stretch out before surfing, and 59% use sunscreen. Only 40% of
participants use extra hydration, 11% used ear plugs, 5.6% reported wearing a surf
helmet, and 4.5% used soft edged fins (see Table 8 and 9). Foam top surfboards or
surfboard end caps were used by 1% of respondents each. A single variable for surfing
mitigation behaviors was made by adding up the total number of surf safety devices that
participants reported using.
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Table 8. Frequency statistics for surf mitigation behaviors
frequency

valid %

Yes

85

95

No

4

5

Yes

63

70

No

26

30

Yes

36

40

No

53

60

Yes

5

6

No

84

94

Yes

1

1

No

88

99

Yes

11

14

No

78

86

Yes

1

1

No

88

99

Yes

59

66

No

30

33

Yes

4

5

No

85

95

Surf leash

Warming up/stretching
out

Extra hydration

Surf Helmet

Foam top board

Ear plugs

Surfboard end caps

Sunscreen

Soft edged fins

51
Table 9. Mean statistics for mitigation behaviors
Mean

Standard deviation

n

3

1.1

48

1

1

94

Variable
Surf safety devices used
Tsunami mitigation
behaviors

It is possible for surfers and the general public to mitigate their risk from
earthquakes and tsunamis by engaging in preparatory behaviors (OSPAC, 2013).
Participants were asked which tsunami preparation activities they had done. Only 22.2%
have participated in an evacuation drill, 43.3% of participants have made a ‘to-go’
disaster kit, and 42.2% made a disaster plan (see Table 9 and 10).
Table 10. Frequency statistics for tsunami mitigation behaviors
frequency

valid %

Yes

20

22

No

70

78

Yes

39

43

No

51

57

Yes

38

42

No

52

58

Participated in an evacuation drill

Prepare a ‘to-go’ disaster kit

Made a disaster plan

Participants were also asked to respond on a scale from 1 (strongly disagree) to 4
(strongly agree) to the statement, “I know the closest high ground near the places that I
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surf.” The mean score was 3 (agree), but 22% of participants either disagreed or strongly
disagreed about knowing the tsunami safe high ground near their surf spots.

4.4 Non-Parametric Correlations
Non-parametric Spearman correlations were used to determine relationships
between variables on the questionnaire, given the small sample size and possible lack of
normal distributions across the data (see Table 11). The Spearman correlation is based
on relative ranking of the data rather than the magnitude of the values. For the procedure,
each data point’s value is replaced with a rank number, and data are then arranged on a
graph, with the axes representing the data point rank for each variable. The test statistic
is a measure of the similarity of distributions between the two groups across the ranked
data set.
This process eliminates the need for a normal distribution of data and works for
ordinal or continuous variables, thus making it a good candidate for recreation data which
is only sometimes normally distributed (Vaske, 2008). Normally distributed data fit into a
symmetrical bell curve with tapered tails when taken from a sufficiently large random
sample. Examples of normally distributed data include height, body weight, and SAT
scores for general populations. Social science data from recreation users rarely fit a
normal distribution because people who belong to the same recreation group often hold
similar values and have similar demographic traits, meaning they respond to survey items
in a similar manner. This leads to data that is clumped instead of spread evenly. Social
science questions can also be polarizing, which leads to data that has more than one
peak. In both of these cases it is less appropriate to use parametric statistics, and nonparametric alternatives can be utilized by researchers (Vaske, 2008).
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Table 11. Non-parametric Correlations
Correlation p-value
Coefficient (2-tailed)
Variable 1

&

Variable 2

Safety devices

Self report surfing skill

0.23

0.027

Knows high ground
near surf spots

Tsunami mitigation
behaviors

0.26

0.016

Knows high ground
near surf spots

Years living at the
coast

0.35

0.021

Knows high ground
near surf spots

Self report surfing skill

0.22

0.042

Knows high ground
near surf spots

Hours spent surfing
per week

0.29

0.009

Surfing risk perception

Hours spent surfing
per week

0.28

0.012

Age

Likely

-0.27

0.011

Negative belief about
surfing alone

Surfing safety devices

0.23

0.027

Negative belief about
surfing alone

Frequency of surfing
alone

-0.27

0.01

Negative belief about
surfing alone

Surfing risk perception

0.27

0.013

The use of surf safety devices is correlated with surfers’ self-reported skill level (r
= 0.23, p = 0.027) and holding a negative belief about surfing alone. As indicated in Table
12, surfers who know the tsunami safe high ground near the places that they surf are
generally more skilled (r = 0.22, p = 0.042), have spent more time living at the coast (r =
0.35, p = 0.021), are more likely to have completed other tsunami mitigation behaviors (r
= 0.262, p = 0.016), and spend more hours surfing per week (r = 0.29, p = 0.009). Surfers
who spent more hours in the water also had higher perceived surfing risk (r = 0.28, p =
0.012), as did those who had a negative belief about surfing alone (r = 0.23, p = 0.027).
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Surfers with a negative belief about surfing alone reported a lower frequency of paddling
out by themselves (r = 0.27, p = 0.013).
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4.5 Group comparisons
Group comparisons were performed between men and women, coastal residents
and commuters, and more experienced versus less experienced surfers. Traits
associated with risk perception, surfer type, and mitigation behaviors varied between
those groups. Non-parametric Mann-Whitney tests were used to compare means
between two groups. As aforementioned, social science data from recreational users is
rarely normally distributed and thus traditional parametric statistics tests are not ideal.
The Mann-Whitney test is used to replace t-tests when it is suspected that the data does
not fall into a normal distribution, and compares the median data point instead of
calculating the mean (Vaske, 2008).
A dichotomous variable for surfing experience was created to compare moreversus less-experienced surfers by separating the two groups at the mean experience
level of 12 years. As shown in Table 12, the less experienced group averaged 4.6 years
of experience compared to 25.3 years for the more experienced group. The more
experienced group was on average 10 years older, with twice as much time living at the
coast for coastal residents. The more experienced group reported higher skill, more hours
surfing per week, and more times surfing alone. They also perceived a higher risk of
hitting the water at speed.
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Table 12. Group comparison between less and more experienced surfers.
Experience
Less than 12
More than 12
years (62%)
years (38%)
t-value
Variable
Self-report skill
1.8
2.8
5.5
Hours spent surfing per week
3.5
5.1
2.2
Self-report surfing alone
Risk perception of hitting the
water at speed
Age
1
Coastal residency time
1

p-value

Effect
size

<.001

.34

.027

.06

2.00

2.5

3.4

.001

.13

2.4

2.9

2.6

.011

.08

30.9
9.4

40.8
20

3.7
2.8

<.001
.006

.15
.17

Only coastal residents responded to this survey item.

Self-reported skill was recoded as a dichotomous variable placing beginners in
one group, and intermediate, advanced, and expert surfers in the other. The less-skilled
group had an average of 3.2 years surfing experience, and the more skilled group had
15.8 years. The more skilled group spent 5 hours surfing per week compared with 1.59
for the less skilled group. The more skilled group reported surfing alone more often, used
more safety devices, perceived a higher risk of hitting the water at speed, and had twice
as much coastal residency time for coastal residents (See Table 13).
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Table 13. Group comparison between self-reported beginners and more skilled surfers.
Self-reported skill

Variable
Years experience
Hours spent surfing per
week
Knows high ground near
surf spots
Self-report surfing alone
Risk perception of hitting
the water at speed
Number of safety devices
used
1
Coastal residency time
1

Beginner
(19%)

Others
(81%)

Effect
size

t-value

p-value

3.2

15.8

4.7

<.001

.26

1.6

5

3.8

<.001

.18

2.59

3.2

2.4

.017

.06

1.5

2.4

4.1

<.001

.19

2.2

2.8

2.3

.019

.07

2.5

3.1

2.1

.039

.05

8.4

16.4

2

.046

.10

Only coastal residents responded to this survey item.

To compare responses between older and younger participants, a dichotomous
variable for age was made by putting surfers below the mean age of 34 in one group, and
those over 34 in the other (see Table 14). The age groups are not fully representative
because surfers under 18 years old were not included in the study. The average age in
the younger group was group was 26.3 versus 44.1 for the older group. The older surfers
self-reported higher skill (M = 2.5 versus M = 2) and surfed M = 17.2 hours compared to
6.5 for younger surfers. They reported surfing alone less often (M = 2.5 versus M = 2),
were more likely to have a negative belief about surfing alone (M = 2 versus M = 2.5),
chose not to paddle out more often than younger surfers (M = 2.5 versus M = 2.1), and
engaged in more tsunami mitigation behaviors (M = 1.3 versus M = 0.9). Older surfers
perceived higher risk of a shark attack (M = 1.8 versus M = 1.5), other wildlife attack (M =
1.8 versus M = 1.5), and getting an infection while surfing (M = 2.7 versus M = 2.3).
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Table 14. Group comparison between participants less than or more than 34 years old.
Age category
Less
More
than 34 than 34
tp(57%)
(43%)
value
value
Variable
Age
26.3
44.1
Self-report skill
2
2.5
2.6
.01
hours spent surfing per week
6.5
17.2
3.6
<.001
Self-report surfing alone
2.9
2.6
-2.1
.037
Negative belief about surfing alone
2
2.5
2.2
.025
Self-reported choosing not to paddle out
2.1
2.5
2.3
.022
Risk perception of getting an infection
2.3
2.7
2.4
.017

Effect
size
.08
.15
.06
.05
.06
.07

Risk perception of shark attack while surfing

1.8

1.5

-2.1

.04

.05

Risk perception of other wildlife attack

1.8

1.5

-2.2

.029

.06

Number of tsunami mitigation behaviors

.9

1.3

2.

.043

.05

Female surfers were 28% of the sample (see Table 15). They self-reported lower
skill levels, spent less hours surfing per week, and reported surfing alone less often than
males. Females perceived a lower risk of heart disease, hitting their own board while
surfing, and hitting the water at speed while surfing, but perceived a higher risk of a
tsunami while surfing.
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Table 15. Group comparison between female and male participants.
Gender
Female Male
(28%) (72%)
t-value
Variable
Self-report skill
1.8
2.3
2.6
Hours spent surfing per week
3.5
4.5
2.1
Self-report surfing alone
1.8
2.4
2.9
Risk perception of heart disease
1.7
2.2
2.5
Risk perception of colliding with own board
2.9
3.3
2.6
Risk perception of hitting the water at speed
2.3
2.8
2.3
Risk perception of tsunami while surfing

2.3

1.8

-2.5

p-value

Effect size

.011
.040
.004
.013
.009

.08
.05
.10
.07
.08

.020

.06

.014

.07

Participants who identified as coastal residents spent more than twice as many
hours surfing per week (M = 6.1) compared to commuters (M = 2.8) and were on average
5 years older than non-coastal residents (see Table 16). Coastal residents engaged in an
average of 1.5 tsunami mitigation behaviors versus 0.7 for commuters, but use about the
same number of surfing safety devices (M = 2.9 and M = 3.1 respectively). Participants
that identified as commuters self-reported surfing alone somewhat often (M = 3, 11-50
times per year) versus coastal residents reported surfing alone more than rarely (1-10
times per year) but less than somewhat often (M = 2.5). Participants who identified as
coastal residents were more likely to hold a negative belief about surfing alone (M = 2.5
versus M = 2.0 for commuters). Coastal residents perceived higher risk from plane
crashes (M = 1.6 versus M = 1.2 for commuters), earthquakes in everyday life (M = 2.3
versus M = 1.9 for commuters), tsunamis in everyday life (M = 2.3 versus M = 1.8 for
commuters), and shark attacks while surfing (M = 1.9 versus M = 1.4 for commuters).
They also had higher average scores on both the life risk and surf risk tables. Coastal
residents reported more often choosing not to go surfing because of dangerous
conditions.
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Table 16. Group comparison between commuters and coastal residents
Coastal residency
Commuter
Resident
(48.5%)
(51.5%)
t-value
variable
hours spent surfing per week
2.8
6.1
2.8
Self-report surfing alone
3
2.5
-3.1
Negative belief about surfing
2
2.5
2.9
alone
Self-reported choosing not to
2.1
2.6
3.1
paddle out
Risk perception of plane crash
1.2
1.6
2.6
Risk perception of surfing
2.3
2.6
2.4

p-value

Effect
size

.005
.002

.09
.11

.004

.09

.002

.11

.009

.08

.019

.06

Risk perception of earthquake

1.9

2.3

2

.045

.04

Risk perception of tsunami

1.8

2.3

2.7

.007

.08

Risk perception of shark attack

1.4

1.9

2.6

.008

.08

Age

31.6

36.5

2

.049

.04

0.7

1.5

4.3

<.001

0.20

Number of tsunami mitigation
behaviors
Surf safety devices used

3.1

2.9

2.2

.388

<.01

Surf risk table

2.2

2.4

2.1

.038

.05

Life risk table

2.1

2.2

2.2

.026

.05

4.6 Path Analysis
An exploratory path analysis was used to test simultaneous relationships among
demographics, general risk perceptions, specific risk perceptions, and mitigation
behaviors. Path analysis is a form of multiple regression which tests the strength of linear
relationships between predictor and criterion variables. It also allows the testing of
mediator and moderator variables which explain the relationship between the predictor
and criterion. Path analysis allows testing of a dependent variable against more than one
independent variable and can help determine the direction of the relationship.
Researchers make predictions based on logical theoretical ordering of the variables, and
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the test estimates the magnitudes of the connections and underlying causal processes
(Vaske, 2008).
As an integration of research questions 1-4,

the following relationships were

initially hypothesized: 1) participants’ demographic traits have a direct effect on locus of
control, risk perception, and mitigation behaviors; 2) participants’ locus of control is
influenced by demographic traits, and in turn influences risk perception; 3) risk perception
is influenced by demographic traits and locus of control, and has an effect on mitigation
behaviors, which are also influenced by demographic traits. Path models for these
relationships was designed and tested for surfing variables, tsunami variables, and sum
total variables (see Figure 1).
A regression analysis was performed for each variable in the path models. The
first dependent variable was at the end of the model, and each variable with an arrow
pointing to that variable was entered as an independent variable into the regression.
Each demographic trait (residence location, surfing experience, surfing skill, hours spent
surfing per week, age and gender) was tested independently against the variables for
locus of control, risk perception, and mitigation behaviors to see if they had a significant
directional effect. The resulting statistics include a linear correlation describing the
strength of the relationship between the two variables, and a p-value indicating whether
the hypothesized model is supported by the data. A full inter-correlation matrix can be
found in Appendix C.
The paths hypothesized in Figure one were examined. This surfing risk perception
model was partially supported by the test. Coastal residency time and hours spent surfing
per week (demographic traits) combined with disaster hazards and accidental hazards
(general risk perceptions) to account for 55.6% of the variability in participants’ surfing
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risk perceptions (see Figure 2). Each of these variables was correlated with surfing risk
perception and was a statistically significant (p < 0.05) predictor of surfing risk perception.
Surfing risk perceptions were correlated with surfing mitigation behaviors, but the model
did not support a causal relationship between these two variables. Surfing locus of control
did not have a statistically significant relationship with any of any of the variables.
The path analysis for tsunami mitigation behaviors and combined mitigation
behaviors did not support a causal relationship between these variables. These models
generally produced small correlations and insignificant p-values.
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Figure 2. Risk Perception Path Analysis Model

1

Paths represent correlation coefficients.
*Only significant (p<0.05) paths are shown.
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Chapter 5: Discussion and Management Implications
This chapter discusses specific answers to the research questions, followed by a
more general discussion of risk perception in surfing. It concludes with management
implications and suggested outreach strategies for Oregon surfers in the tsunami
inundation zone based on this exploratory study.

5.1 Answers to Research Questions and Discussion
Research question 1. What do surfers consider to be the risky part of surfing, and how do
these risks compare to tsunami risks and other risks in everyday life?
Participant responses on the surf risk table were fairly accurate. Studies about
surfing injuries show that the top four mechanisms for injuries while surfing were (1) a
collision with the surfer’s board, (2) a collision with rocks or the sea floor, (3) struck by
another surfer’s board, and (4) hydrostatic force of wipeout. Participants correctly
identified some of the greatest hazards associated with surfing, and accurately attributed
a low risk to shark and wildlife attacks.
Surfers correctly identified hitting your own board as the riskiest part of surfing.
This is the least-dreaded and most known risk on the list. This indicates that surfers have
the ability to analyze risk and deal with it appropriately. Hsu, Tseng, Chiang, and Chen
(2012) would say that surfers have an extremely high tolerance for risk. But on the whole
surfers are not troubled by contemplating deadly hazards. Surfers in the study seemed to
have a preference for mitigating their risk of injury with skill and local knowledge, instead
of using safety devices like a helmet or soft edged fins. This is an important finding
because management outreach efforts are best based on the preferences of the
population (Slovic et al., 2011).
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Surfers in this study perceived a high level of risk, but trust in their skills and
abilities to keep themselves safe. Experience breeds increased risk perception and
caution, not a sense of invincibility (Martha, Sanchez & Goma-i-Freixanet, 2009). More
experienced surfers may take more risks, surfing more powerful and larger waves over
rocky and sharp seabeds. This suggests that retreat from the inundation zone in the
event of a nearshore tsunami may not be an option. From a cost benefit point of view, the
cost is potentially high (your life), but the chances of having to pay that cost are low. The
benefits are also great. Surfers enjoy rigorous exercise, challenge, connection with
nature, and the experience euphoria from being on a wave (Stranger, 1999). Surfers in
Japan returned to the water very soon after the nuclear reactor spill caused by the 2011
Tohoku earthquake and tsunami event. One of the best surf breaks in the area is only 30
miles from the reactor, and despite potential risks, surfers could not stay away.
Surfers in general perceive their sport is dangerous due to graphic depictions of
surfing-related deaths that are widely circulated in the media (Stranger, 1999; Warshaw,
n.d.), yet death rates at surf beaches are low, only 2.38 per 100,000 for all surfers, and
0.28 per 100,000 for locals (Morgan, Ozanne-Smith & Triggs, 2008) making it safer than
many other sports and activities such as skiing, snowboarding, and soccer. Earthquake
and tsunami risk had relatively high scores, which according to Slovic, (1987) could be
attributed to the dreaded and unknown characteristics of these hazards. Participants
correctly identified some of the higher risk hazards associated with their everyday lives,
but overestimated the relative risk of surfing. Participants failed to identify heart disease
as a high risk, responsible for 1 in 7 American deaths (National Safety Council, 2017).
Research question 2. Do demographics (age, surfing experience, coastal resident status)
influence locus of control, risk perception, and mitigation behaviors?
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Participants who were more skilled, more experienced, male, older, and coastal
residents were more likely to perceive higher risks. The general trend of more
experienced individuals perceiving higher risks is supported in the literature about risk
perception in sports (Kern et al., 2013; Kontos, 2000; Martha, Sanchez & Goma-iFreixanet, 2009; Ward, 2010). There are two notable exceptions to this among surfers in
the study. Participants who were younger than 34 had a higher risk perception of shark
and other wildlife attacks than those respondents over 34 years of age. Because younger
surfers in the sample were also less experienced, younger surfers have fewer total hours
in the water and have had less exposure to possible shark attacks without one
happening. Yet they may perceive greater risk perception because of the “dreaded”
characteristics of animal attacks, which include the graphic nature of shark attacks and
their popularity in surf media (Slovic, 1987; Warshaw, n.d.), despite their low frequency.
Female participants perceived higher risk of a tsunami while surfing, which might make
them more receptive to outreach and education efforts.
Research question 3. Is locus of control associated with personal mitigation strategies?
Locus of control was not found to have a statistically significant relationship with
mitigation behaviors. This suggests mitigation behaviors that participants engage in are a
result of their age, surfer traits, and coastal residency status.
Surfing hazards share some characteristics with the threats discussed by Slovic
(1987). Ocean hazards are “dreaded”, meaning they are graphic and potentially
catastrophic for individuals and entire communities. Earthquake and tsunami hazards are
also unknowable, which puts surfing at the pinnacle of Slovic’s risk scale. Yet, safety
devices such as PFD’s, helmets, extra air, and shark deterrent devices are seldom used.
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Instead surfers use knowledge and skills to keep themselves safe. For example,
there is considerable cultural knowledge about shark attacks that can help keep surfers
safe. Risk factors for shark attacks include surfing alone, on a short board, at dusk or
dawn, in poor visibility, or near river mouths. Instead of wearing shark stripes or using a
shark transponder, many surfers choose not to paddle out until conditions improve. Big
wave surfers could wear self-inflating PFD’s or carry pony bottles designed to provide a
breath of air underwater. Instead they learn breath holding techniques that allow them to
adapt to long hold-unders. Others simply choose not to use any safety or mitigation
behaviors.
Earthquakes and tsunamis pose a substantial threat for surfers near the CSZ, and
based on the results of this study, many Oregon surfers are largely unprepared to deal
with these hazards. Fortunately, Oregon surfers appear able to make basic and accurate
risk assessments, and there does appear to be a relationship between surfers’ risk
perceptions and mitigation behaviors, as evidence by the path analysis.
Research question 4. Are the relationships between locus of control and risk perception
comparable for surfing hazards, tsunami hazards, and general hazards?
Locus of control was not found to have a statistically significant relationship with
risk perception or any of the other variables.
Research question 5. Are surfers aware of CSZ earthquake and tsunami signs from the
water?
Based on first hand accounts and hazard literature, surfers may not feel or hear
the shaking of the quake from the water but it is possible for them to notice onshore signs
of an earthquake which include shaking trees, fallen structures, damaged buildings, a
rising cloud of dust, land slides, and sudden dune changes or subsidence. Surfers in this
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study were mostly not aware of these visual cues and relied on tsunami warning sirens as
a signal to evacuate.
Comparing surfers based on their self-reported skill proved challenging because
most surfers reported intermediate skill. This is consistent with other research in the
surfing field, which shows that surfers tend to underrate their own abilities (Meir, Zhou,
Gilleard, & Coutts, 2011; Stranger 1999). For this reason, it was decided to compare
beginner surfers against all others to avoid any ambiguities in the intermediate category.
More experienced and more skilled surfers perceived a higher risk of hitting the
water at speed. Surf injury statistics show that hitting the water at high speed is an
especially common mechanism for injury. Older surfers spent far more hours a week in
the water. They also exhibited more caution overall, having higher risk perceptions,
engaging in less risky behaviors, and engaging in more surfing and tsunami mitigation
behaviors than their younger counterparts.
Surfers’ risk perceptions were not a significant predictor of using surf safety
devices or practices. This is consistent with other literature. For example, teaching people
about the environment does not result in environmental behavior change (Ajzen &
Fishbein, 2005). Because of the way he responded to the questions about surfing alone,
one surfer listed a slew of hazards he had personally encountered in Oregon. He then
stated, “Do I think it is dangerous for [less experienced surfers] to surf alone? Yes. Do I
surf alone all the time? Yes I do, because for me it is safe.”
Participants who identified themselves as coastal residents had higher risk
perceptions. This could be related to their regular exposure to hazards on the coast, but it
could simply be that coastal residents were generally older and more experienced. Age
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and experience were also associated with greater risk perceptions, in the sample and in
theory.
Results indicated that surfers who commute to the coast may be especially
vulnerable to the tsunami threat. Commuters were half as likely as residents to have
participated in an evacuation drill, made an emergency kit, or have a disaster plan. This is
consistent with other recreation and tourism literature which shows that locals have
special, place based knowledge that helps to keep them safe (De Nardi & Wilks, 2007).
Non-locals may be unaware of the unique hazards in a given area, and may be surprised
by them when it is too late. Getting outreach materials to surfers who commute to the
coast may prove difficult. Managers should consider whether there are ways to reach
surfers who drive to the coast before they leave, such as social groups or surf forecast
sites. Yet for some surfers the only way to inform them could be signs at surf breaks,
which currently do not give surfers any advice about tsunamis.

5.2 Management Implications
Surfers have unique characteristics which make them vulnerable to earthquakes
and tsunamis. Without diminishing the importance of general efforts, it is important to
make sure that specific subpopulations are not forgotten by management when it comes
to education and outreach. For surfers, targeted knowledge may be a matter of life and
death, because land based evacuation strategies will not keep them safe.
Surfers evacuating from the surf zone need unique considerations because of the
place that they recreate. The outside edge of the surf zone, where surfers wait to catch
waves, is far from safety, and several feet of water may insulate surfers from the effects
of the earthquake. This is important because tsunami sirens are not expected to work
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during a CSZ event, so the earthquake itself will be most people’s only warning (OSPAC,
2013).
The first critical factor in surviving an earthquake and tsunami event is familiarity
with nearby high ground. It is important for everyone who visits the coast to know the
location of the closest tsunami-safe high ground, but surfers have the additional
challenge of negotiating their way to shore. Site-specific characteristics such as
bathymetry, beach profile, dune height, distance to safe high ground, terrain type, and
distance from surf break to shore can add precious time to surfers’ evacuation routes. In
some places high ground is nearby, so surfers can get out of the water and be safe in
minutes. In other places, surfers may have to paddle a long distance, exit the water, run
an evacuation route on foot and deal with congestion or other obstacles before reaching
safety.
Figure 2 (Givens et al., 2013) illustrates 2 study sites with different implications for
surfers evacuating from a tsunami. At the first spot, surfers wait for waves near to shore.
The access trail is steep and tsunami safe high ground is nearby. At the second spot,
surfers commonly wait for waves further offshore the closest high ground is more than a
mile away. Deciding on a plan ahead of time and familiarity with evacuation routes means
critical minutes or seconds will not be wasted trying to choose the best path.
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Figure 3. Two study sites with different challenges for evacuating surfers.

Yaquina Bay Bridge Surf Spot

0.22 mi

Exposed sand
bar at low tide
where surfers
wait for waves.

South Beach Jetty Surf Spot

1.21 mi

Purple and yellow
are inundation
zones. White is
tsunami safe high
ground.

The next critical factor for surfers during a CSZ Earthquake is noticing that an
earthquake has occurred. Floating in water may prevent surfers from perceiving the
physical shaking of the quake, and the noise of crashing waves could make it hard to
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hear the rupture. The characteristics of a subduction zone earthquake can generally be
described as high amplitude, low frequency oscillations. People on boats sometimes
report a slight rocking back and forth during earthquakes (Mader & Gittings, 2002), but
this effect is not reliably noticeable given the powerful and often chaotic wave climate in
the Pacific Northwest. One participant in this study mentioned that he had been in the
water during an earthquake while on vacation. He said he could not feel the quake, but
he did hear it. Oregon does have a tsunami warning system complete with sirens and
detector buoys, but it is anticipated that it will not work in the event of a Cascadia
Subduction Zone earthquake because the buoys are too far offshore and the power grid
will not be functional (OSPAC, 2013). Visual cues are surfer’s best chance to notice an
earthquake is happening. The violent shaking sways trees, triggers landslides, causes
dune settling and suddens erosion, and topples buildings or other structures.
Earthquakes often cause a rising cloud of dust, especially in sandy areas such as dunes,
bluffs, or beaches. Due to the nature of subduction zone earthquakes, a major Cascadia
event is expected to produce a few hundred meters of lateral movement, which may
result in instantly noticeable changes in water levels, currents, or orientation of natural
features (Goldfinger et al., 2012; OSPAC, 2013). In Oregon, the earthquake is also
expected to take down power lines, rupture gas and water pipes, and cause fires
(OSPAC, 2013). If surfers notice many strange things happening at once, they are more
likely to figure out what is going on and evacuate (Burnside, Miller, and Rivera, 2007).
Once surfers realize an earthquake has taken place, they must begin evacuating
immediately (this same advice goes for anyone inside a tsunami inundation zone).
Terrestrial evacuation models show that casualties are strongly predicted by the amount
of time people wait before starting to evacuate (Wang et al., 2016).
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After surfers have exited the water, they need to head for high ground along their
chosen route. If they have not chosen a path or their path has become obstructed, they
must follow evacuation signs, head uphill, or go inland as quickly as possible. It is
advised to keep going uphill because the first wave may not be the biggest.
By following this general “best practice advice,” surfers can prepare for and
improve their positions during a CSZ earthquake. But there is not guarantee of survival.
In addition to the myriad of problems that can interfere with evacuations, long sand spits,
extensive dune systems, and other low-lying land leave some recreation sites
dangerously far from high ground. If surfers frequent a favorite break at one of these
spots, they should weigh the added risks against the benefits of that site. While spending
time at such a location significantly increases risk in the event of a tsunami, it is a low
probability in the time frame of a few hours and recreation resource values, isolation,
scenery, or good surfing waves may be worth the extra risk.
The worst case scenario is that a surfer is caught in the turbulent front of the
tsunami wave. Some surfers may be able to hold on to trees, buildings, or other
structures, or may be able to stand up after the wave has reached higher ground and lost
power. Other surfers may be swept out to sea. Some survivors from the Sumatran
tsunami in 2007 were swept miles offshore, and were able to swim to boats, await
rescue, or work their way back to shore (O’Donnel, Ehrlich, & Kearney, 2005). Such sea
rescues could be problematic off the coast of Oregon as surfers could suffer hypothermia
before being rescued because the water is as cold as 9°C. Having a wetsuit and flotation
device increases survivability and self-rescue capability, but might not keep surfers warm
long enough to get rescued or return to shore.
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The best case scenario is that surfers serve as key conduits of tsunami
knowledge to larger beach going populations. In the event of a CSZ earthquake, a
hesitant crowd of uninformed tourists could be moved to action when they see all the
surfers paddle in and head for high ground.
Humans do not prepare well for events that they have not experienced, and
usually stop mitigation after taking only one preventative action (Slovic and Weber, 2002).
Risk perception research shows that effective management outreach efforts should focus
on positive actions to prevent harm, rather than potential harm from the hazard. Multiple
information sources as well as media types should be used because individuals have
unique learning styles and different people they trust. When spreading earthquake and
tsunami knowledge, it may be most useful to educate a small subset of interested surfers
and let them spread the information to others. Advice about evacuations is more likely to
be followed if it comes from someone the surfer knows (Burnside, Miller, and Rivera,
2016).
The article by Slovic and Weber (2002) helps understand why widely publicized
tsunami events in Indonesia and Japan did not result in widespread tsunami preparation
in the Pacific Northwest. Media images can instill strong emotional reactions but may not
deliberate about facts or an obvious connection to the CSZ. Media images from other
tsunamis are not likely to create lasting behavior change in the Pacific Northwest
because some of these changes require long term effort, constant attention, and
persistent upkeep. The authors suggest that surfers need to receive information about the
tsunami and mitigation strategies, pay attention to and comprehend the communication,
and then continue to hold that information and monitor their environment for physical or
social cues in order to evacuate. This demands a high degree of attention across several
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conceptual and temporal scales (Burns & Slovic, 2012). Lack of information is not the
only reason for inaction. Effective outreach must include data and information, but also
emotional appeals and specific considerations for the target population. One of the
greatest challenges of risk communication is the ability to account for individuals’ beliefs
and mental models. Effective risk communication takes into account people’s first
reactions and emotions in addition to logical and factual deliberations.
Hsu, Tseng, Chiang, and Chen (2012) argue that we need to examine the amount
of risk the population will tolerate. Different groups have different tolerances for risk, and
some may expect total safety while others accept the possibility of serious injury or death.
It is possible that the population may not want a high level of protection, because the risk
itself is one of the benefits of their activity (Martha, Sanchez & Goma-i-Freixanet, 2009;
Ward, 2010; Stranger, 1999; Moran, Webber, 2013; Nathanson, Haynes, & Galanis,
2002; Meir, Zhou, Gilleard, & Coutts, 2011; Kern et al., 2013). Whatever cost is incurred
by the population to engage in outreach should be worth the reduction in risk or harm that
the individual gains as a benefit from the risk mitigation strategy (Hsu, Tseng, Chiang, &
Chen 2012). In the case of surfers, the amount of time management spends on outreach
materials should be worth the knowledge gained. Effective outreach materials must then
be thorough, informative, and effective, but also a length that is considerate of the surfer’s
time.
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Chapter 6: Conclusion
In the face of a disaster that has the potential to destroy many homes, take thousands of
lives, and ruin Oregon’s infrastructure for years to come some may wonder why surfers
need targeted outreach materials. Traditional terrestrial evacuation strategies will not be
sufficient for surfers, who have unique physical and social factors that contribute to their
vulnerability.
Oregon surfers recreate in the tsunami inundation zone, which makes them
vulnerable. Physical vulnerabilities include proximity to the disaster, the time it takes to
evacuate from the surf zone, and difficulties noticing the earthquake when it happens.
Surfers perceive that they are risking their lives every time they get in the water, and tend
to hold a fatalistic view about the possible effects of the CSZ tsunami. Of those who
participated in the survey, about half do not live on the coast; these surfers spend less
time in the water but are also less prepared for an earthquake and tsunami. Targeted
outreach materials are needed for both surfer groups, and it is up to community leaders,
parks managers, and others to find creative ways of spreading this information.
Surfers who live on the coast are more likely to partake in tsunami mitigation
behaviors but about half of surfers do not live on the coast. These surfers are especially
vulnerable to the tsunami threat because they are not widely exposed to other outreach
programs on the coast. There is a wide understanding among surfers that tsunamis can
happen on the Oregon coast, but significant gaps in knowledge still exist, especially
regarding differences between nearshore and distant tsunamis.

6.1 Limitations
As with any study, there are limitations to the findings presented in this
manuscript. Specific limitations include issues related to sampling, and construct validity.
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The sampling period for this survey took place during fall and early winter, 2016-2017.
During these times in Oregon, the weather is poor and the wave climate is very energetic.
As a result, the population likely includes greater proportions of local, more skilled, and
more experienced surfers. Future studies could sample throughout the year and in a
broader range of conditions to allow for a more diverse sample and comparison between
casual and core group surfers. For example, results from the present study show that
self-reported beginner surfers have different risk perceptions and practice tsunami safety
behaviors at lower rates; this may vary with a larger number of beginner surfers in the
study.
The sample size of 107 participants was marginal for using parametric statistics. A
larger sample would have allowed more powerful statistical methods and more detailed
analyses, especially when comparing smaller sub-groups.
The geographic distribution of the sample was also limited. All onsite
questionnaires were collected in the Newport, OR area. Because this area is known for
good surfing conditions, this research captured surfers from outside the region, including
Seattle, Coos Bay, Seaside, and Lincoln City. To generalize to a larger surfer population,
and perhaps offer region-specific outreach materials, distributing the survey in
Washington, Northern California, and more diverse locations in Oregon would be
appropriate.
Other types of non-consumptive users who recreate in nearshore waters such as
scuba divers or kayakers would also benefit from this targeted outreach and may have
unique risk perceptions. Due to time and budget constraints they were not included in this
study, but it would be useful to include them in the future.
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The questionnaire items used to measure locus of control were not correlated with
any of the other variables or survey items. Although similar items were used successfully
in other studies, it cannot be said with certainty whether this lack of correlation is due to
poor measurement or because locus of control is actually unrelated to the other
participant traits. A future survey might measure locus of control with other questionnaire
items to further explore the relationship among locus of control, risk perception, and
mitigation behaviors.
Researchers wanted to know how participants perceived the worst case scenario
of Pacific Northwest earthquakes: a magnitude 9.0. Asking participants specifically about
their perception of a 9.0 earthquake avoids any ambiguity about smaller earthquakes that
do not result in a tsunami wave or widespread damage in Oregon. There could be
differences if this variable was measured differently, and future studies could ask about a
broader range of magnitudes.

6.2 Next steps
The next stage of this project is to present the results back to the surfers of
Oregon, and relay this information to community leaders and coastal emergency
management personnel to help identify relevant outreach and educational materials. It
may also be useful for the surf community to work with evacuation research to assist in
the co-production of knowledge regarding surf zones and evacuation modeling. Surfers
have an intimate physical relationship with the ocean, and they are already connoisseurs
of fluid dynamics, wave forecasting, and nearshore sediment transport. Surfers are also
accustomed to managing and mitigating the potentially deadly hazards associated with
surfing. These traits make surfers uniquely qualified to understand technical aspects of
earthquake and tsunami effects, as well as how they as coastal users relate to the
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phenomenon. In the event of a CSZ rupture, it may be the case that surfers become firstresponders to other non-consumptive users of Oregon’s beaches – combining their
knowledge and skills with local coastal and emergency management may ultimately
increase life safety for a myriad of beach visitors.
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Appendix a. The questionnaire used in data collection

○Yes

Are
you
a
coastal
resident?
If yes, how long have you lived on the coast? _______ years.

○

If you live on the coast now, where are you from? _____________________________
If yes, do you live in a tsunami inundation zone?

○Yes ○ No ○ Don’t know / unsure

How long have you been surfing? ______ years. [Non-surfers please write 0]
How would you describe your surfing skill? [select one answer]

○ Novice

○ Intermediate

○ Advanced

○ Expert

How many hours per week do you normally surf? _______hours.
Please place mark one box for each of the
following rows.
Surfing injuries can always be prevented by
proper judgment and good decision making.
Surfing injuries are random accidents that
can happen to anyone at any time.
I know the closest high ground near the
places that I surf.
It is dangerous to paddle out when there is
no one else surfing

Please place mark one box for each of
the following questions.
How often in the last year did you paddle
out when there was no one else surfing?
How often in the last year did you decide
not to paddle out due to dangerous
conditions?

Strongly
disagree

Never
(0)

Rarely
(1-10)

disagree

agree

Somewhat often
(11-50)

Strongly
agree

Very often
(50+)

Choose from the following surf safety devices or practices that you use. [select all that apply]

□ Surf

□ Warming up/

□ Extra

leash

stretching

hydration

□ Ear

□ Surfboard end caps

□ Sunscreen

plugs

□ Surf helmet

□ Foam top
board

□ Soft edged
fins

No

How likely do you think it is that you will require medical attention from each of the
following during your lifetime? [select one answer in each row]
Very unlikely

Unlikely

Likely
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Very Likely

Heart disease

m

m

m

m

Plane crash

m

m

m

m

Traffic accident

m

m

m

m

Food poisoning

m

m

m

m

Surfing

m

m

m

m

Choking

m

m

m

m

Fire

m

m

m

m

9.0 Earthquake

m

m

m

m

Nearshore Tsunami

m

m

m

m

While surfing in Oregon, how likely do you think it is that you will be injured by any of the
following in your lifetime? [select one answer in each row]
Very
Unlikely
Likely
Very
unlikely
Likely
A. Hypothermia

m

m

m

m

B. Collision with other
surfer

m

m

m

m

C. Collision with sea floor

m

m

m

m

D. Collision with own board

m

m

m

m

E. Impacting water at
speed

m

m

m

m

F. Skin, ear, or eye
infection

m

m

m

m

G. Shark attack

m

m

m

m

H. Other wildlife

m

m

m

m

I. Drowning

m

m

m

m

J. 9.0 Earthquake

m

m

m

m

K. Nearshore Tsunami

m

m

m

m

Rank by letter which of these three events are the most hazardous to you:
1st_______ 2nd_______ 3rd_______

How likely do you think it is that a catastrophic earthquake and near-shore tsunami will
occur in this area during your lifetime? [select one answer]

○ Very unlikely

○ Unlikely

○ Likely

○ Very likely

Please select one answer for each of the following statements.
Strongly
Disagree
disagree
In the event of a tsunami, I know I will not
be hurt because I will take the appropriate
steps to evacuate and remain safe.
The only reason for tsunami fatalities is
failure to properly evacuate.
I am just as likely to become a victim of a
tsunami as anyone else.
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Agree

Strongly
agree

m

m

m

m

m

m

m

m

m

m

m

m

Which of the following tsunami preparation activities have you done? [select all that apply]

□participated in an evacuation drill □prepared a 'to-go' disaster kit □made a disaster
plan

What is your age? ______ years.

What is your gender?

○ Male

○ Female

○ Different identity, please state:________________
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Appendix B. Comparison of dempographic traits and key variables between survey sources
Hardcopy mean scores Online mean scores
On-site
Events
OSU Surfers Surfrider
Total
Variable
Coastal residency time in years
.6
.5
.2
.5
.5
Years of surfing experience
15
10
5
15
13
a
Self report surfing skill
2.4
1.9
1.8
2.1
2.2
Hours per week surfing
6
3
2
3
4
b
Likelihood of tsunami
2.7
2.9
2.7
2.5
2.7
Participant age
34
36
28
35
34
% of male participants
84
64
64
46
72
c
Safety devices used
3
3
2.9
3
3
d
Tsunami mitigation activities
1
.9
1.4
1.4
1.1
e
Surf risk table total
2.4
2.2
2.2
2.1
2.3
f
Life risk table total
2.1
2.1
2.1
2
2.1
a
Participants were asked to describe their surfing skill (beginner, intermediate, advanced or
expert).
b
Participants were asked, “How likely do you think it is that a catastrophic earthquake and
nearshore tsunami will occur in this area during your lifetime?” Responses were on a 4-point
scale from 1 (very unlikely) to 4 (very likely).
c
Participants were asked which surf safety devices they used (surf leash, extra hydration,
warming up or stretching out, sunscreen, helmet, surfboard end caps, soft edged fins, ear
plugs, or foam top board).
d
Participants were asked which of 3 tsunami mitigation activities they had done (making a
disaster plan, having an emergency kit, or doing an evacuation drill).
e
Risk perceptions were Measured on a 4-point scale from very unlikely to very likely.
Participant scores on individual surf risk table items were summed and averaged to create this
variable.
f
Participant scores on individual life risk table items were summed and averaged to create this
variable.
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Appendix C. Inter-correlations matrix

