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A B S T R A C T   

Taiwan is an island and therefore has a considerable amount of coastal land. Drowning or near- 
drowning incidents often occur in coastal recreational areas. To reduce the risk of drowning or 
near-drowning associated with marine recreational activities in Taiwan, this study collected data 
on the risk associated with marine recreational activities. It selected risk factors using a modified 
Delphi panel method, with an expert panel used to obtain probability values for each risk factor. A 
Bayesian network for risk assessment was then established. The results of this study can serve as a 
reference for stakeholders involved in marine recreational activities. Severe weather conditions 
increase wave height and current speed, resulting in an increased risk of drowning or near- 
drowning when coastal recreational activities occur under these conditions. Individuals who 
undertake marine recreational activities without safety awareness are more likely to exhibit risky 
behaviors. When self-rescue ability is insufficient to prevent possible danger, the probability of 
drowning or near-drowning is higher. Serious incidents may lead to death, and therefore, marine 
recreational activities should be avoided when weather conditions are poor. In addition, the 
safety awareness and self-rescue ability of individuals undertaking coastal recreational activities 
should be improved. This study did not explore emergency response measures or postincident 
policy management.   

1. Introduction 

Taiwan is a subtropical country, and the climate and environment are suitable for marine recreation [1]. In Taiwan, the conve
nience of transportation to and diversity of recreational activities in coastal areas have led to coastal recreational activities being 
popular in the country. In the summer, individuals often visit seaside areas to undertake various recreational activities in the sea. To 
meet the demand for recreational activities in coastal areas, the government has designated coastal areas as suitable for recreational 
activities and undertaken planning to improve the safety and quality of such activities in coastal regions [2]. 

Marine leisure activities are diverse and their management requires considerable professional marine knowledge and skills related 
to leisure facilities operations. Therefore, determining the conditions necessary to ensure safety and conducting safety management is 
crucial for planners, investors, and management personnel involved in marine recreational activities. Doing so would enable partic
ipants in recreational activities to enjoy the benefits of coastal leisure in a safe environment. 

In coastal areas, changes in climate, currents, topography, and other factors often cause dangerous rip currents and other hazardous 
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phenomena. Therefore, individuals engaging in marine leisure in such areas are vulnerable to drowning or near-drowning. More 
dangerous areas of water that lifeguards do not patrol are associated with higher risks of drowning or near-drowning. Rip currents 
often carry individuals undertaking marine recreational activities away from the shore, leading to severe injuries or casualties. Rip 
currents are the main cause of drowning among individuals engaged in marine recreational activities and are a major cause of 
drowning worldwide [3–5]. 

Taiwan is an island. Rip currents often form near shorelines; therefore, drowning or near-drowning occur frequently in coastal 
recreation areas. According to Taiwan’s National Fire Agency, approximately 1200 cases of drowning or near-drowning occurred in 
coastal areas from 2014 to 2021. Of these, approximately 750 led to death [6]. To understand and reduce the risks of drowning and 
near-drowning associated with marine recreational activities, this study determined the risk factors associated with marine recrea
tional activities, evaluated the risks of drowning and near-drowning under different conditions, and provided suggestions for 
improving the safety of marine recreational activities. The primary risk factors investigated in this study are natural environmental and 
human factors, which led to the scope of the research being somewhat limited. This study does not investigate risks associated with 
recreational activities in noncoastal bodies of water, such as rivers or lakes, or analyze risks related to intentional self-harm. Addi
tionally, this study focuses on pre-event risk analysis and does not investigate emergency response measures or postincident policy 
management. 

2. Literature 

2.1. Dangers of marine recreational activities 

Marine recreational activities are often undertaken in an outdoor environment close to the sea. All marine environments are 
influenced by environmental risk factors, including rip currents, tsunamis, storm surges, and other dangerous events because of their 
complex terrains and climates [7]. Therefore, careful assessment of the risks of marine recreational activities before these activities are 
undertaken is necessary [2]. 

The potential danger associated with coastal recreational activities is mainly caused by a lack of water safety equipment or 
knowledge, a lack of preparation for these activities, and other human factors [8]. Natural elements, such as waves, tides, and marine 
currents, can cause drowning or near-drowning among individuals lacking marine knowledge [9–11]. 

Haddon argued that generally, accidents can be prevented [12]. In the context of marine activities, the Haddon matrix can be used 
to conduct a risk assessment of open water drowning accidents. In research that has applied the Haddon matrix to drowning accidents, 
such accidents are divided into three stages (i.e., before the accident, during the accident, and after the accident). In each stage, the 
causes of drowning are divided into three elements: human, water, and environmental factors [13,14]. 

2.2. Risk assessment 

Risk involves uncertain factors that may adversely affect the achievement of internal control objectives [15]. In risk assessment, 
various uncertain factors affecting the accomplishment of internal control objectives are analyzed and countermeasures are adopted 
[16]. In risk assessment, a target or event is identified, and an assessor uses their knowledge or experience to quantitatively determine 
the potential negative effects of this target or event and the likelihood that adverse events will occur. Risk assessment results can be 
used as a reference for risk management [17]. 

Risk assessment is the assessment and analysis of possible hazards or losses. When risk assessment is conducted, having sufficient 
sample data is crucial. The use of insufficient data can reduce the accuracy and certainty of assessment results [18,19]. Therefore, 
different risk assessment methods should be adopted according to the richness of available data; this is also true for marine risk 
assessment. 

2.3. Bayesian network 

Bayes’ theorem is based on probability theory. It was proposed by British mathematician Tomas Bayes in 1763. It mainly focuses on 
changes in conditional probability in sample data [20,21]. A Bayesian network is a probabilistic expert model in which probabilistic 
inference is used to identify the cause of an outcome. This network can be used when data are incomplete [22,23]. Combining Bayesian 
methods with other models is an efficient and principled approach that can prevent data overfitting [24]. Bayesian networks can be 
used for making predictions with limited information. Therefore, Bayes’ theorem has been used in numerous fields, including marine 
ecological observation, climate change analysis, industrial engineering system analysis, medical engineering, diagnosis, and financial 
risk prediction [25–29]. 

3. Research methods 

Little data is available regarding the risks associated with marine recreational activities. When data are insufficient, they can be 
enhanced using a literature review or expert opinions and can be effectively used through, for example, a Bayesian network [30]. The 
current research used a Bayesian network for marine recreational activity risk assessment and used Graphical Network Interface 2.0 
software (Decision Systems Laboratory, University of Pittsburgh, Pittsburgh, PA, USA) for risk assessment and analysis [31]. The 
software provides a development environment for constructing graph theory–based decision-making models. Its operation is based on 
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Visual C++ and Microsoft Foundation Class Library, and it can be applied on all operating platforms [32]. 
Bayesian networks mainly represent information and are developed using a combination Bayesian probability theory and graph 

modelling [33–35]. In such networks, three forms of data, namely nodes, links, and conditional probability, are used to present un
certainty and interaction as causal relationships [36]. The Bayesian network architecture is a directed acyclic graph built on the basis 
of conditional probability [37], as presented in Fig. 1. In Bayesian directed acyclic graphs, each node represents a random variable, and 
each connecting line represents the interaction between the two nodes. The degree of mutual influence is determined using conditional 
probability [23,33,38]. 

Bayes’ theorem is used to determine the probability of one event occurring on the basis of known occurrences of another event [23, 
33,39]. For example, when event A is known to occur, Bayes’ theorem can be used to calculate the probability of event B occurring and 
the probability of a correlation between these events; this is conditional probability and is represented as P(B|A). In Bayes’ theorem, 
the probability values obtained in the following two cases differ. 

Case 1. The calculation of the probability of event B occurring in the case of the occurrence of known event A, namely P(B|A). 

Case 2. The calculation of the probability of event A occurring in the case of the occurrence of known event B, namely P(A|B). 
In Bayes’ theorem, when event A is known to occur, the sample space of the entire probability problem is reduced to the range in 

which event A occurs, and the probability of event B occurring at this time can be written as: 
P(B|A) = (number of occurrences of both A and B)/(number of occurrences of A)  

= (P(A∩B)) / (
∑

P(P(A|Bi)P(Bi)))                                                                                                                                                       

= (P(A∩B)) / (P(A))                                                                                                                                                                        

Where  

P(A∩B)––P(A|B) × P(B)                                                                                                                                                                   

P(B|A) = (P(A|B)P(B))/(P(A))                                                                                                                                                           

P(B|A): Posterior probability, the inferred probability of event B occurring when event A is known to occur. 
P(B): Prior probability, the probability that event B occurs before the occurrence of event A is unknown; that is, the probability that 

event B itself occurs. 
P(A): In the case of a known occurrence of A, P(A) is called a priori probability. If the occurrence of A is unknown, its probability 

can be obtained using the full probability formula; thus P(A) can also be called total probability. 
P(A|B): Conditional probability, the conditional probability that event A occurs when event B is known to occur. 

4. Research results 

4.1. Establishment of risk factors and their interrelationships 

The marine recreational activity risk factors in this study were human and environmental. Few studies have investigated both of 

Fig. 1. Directed Acyclic Graph (produced by the authors).  
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these factors in this context, and further information regarding the risks associated with marine recreational activities in Taiwan must 
be obtained. Therefore, in the present study, an expert panel was assembled that assisted in the identification of risk factors, deter
mination of the Bayesian network architecture, and completion of conditional probability tables. The expert panel had nine members, 
each with more than 15 years of experience in water rescue or drowning prevention, and included scholars, water rescue personnel, 
and coast guard personnel. The extensive experience and expertise of these individuals provided valuable insight for establishment of 
the model. The fields of the experts are listed in Table 1. 

In accordance with the research objectives, relevant literature and research data were collected to enable the compilation of risk 
factors of marine recreational activities for risk assessment with the Haddon matrix. Pre-event, event, and postevent risk factors were 
included. The final set of risk factors was obtained from the feedback of the expert panel by using a modified Delphi panel method in 
which factors with an importance rating of ≥4 on a 5-point Likert scale were selected. The risk factor architecture is presented in Fig. 2. 
The influencing factors were divided into the following main categories: natural environmental factors, including beach type, wave 
height, rip current, and weather conditions [40–45]; participant factors, including the sex, age, alcohol consumption, self-rescue 
ability, physiological state, safety awareness, and level of panic of activity participants [43,46–51]; activity safety management fac
tors, including activity equipment, safety commitment, safety procedure rehearsals, and real-time marine weather information [46,47, 
52–54]; and lifesaving resource factors, including patrols and lifeguards, emergency rescue facilities, and warning signs [43,52, 
55–57]. 

After the marine recreational activity risk factors were selected, the expert panel discussed the relationships between the factors. 
The interrelationships of the risk factors that they proposed are listed in Table 2. The symbol “←” indicates that the factor on the right 
side influences that on the left side, whereas “→” indicates that the factor on the left side influences that on the right side. For example, 
(F)←(G) indicates that (F) is influenced by (G), and (H)→(P) indicates that (H) influences (P). Using the relationships presented in 
Table 2, a Bayesian network was constructed to illustrate the interdependencies among the risk factors (Fig. 3). 

4.2. Bayesian network model results 

A conditional probability table was created to quantify the influences of the risk factors. The prior probability of each node in a 
Bayesian network can be calculated using data from the literature, possibly in combination with the judgment of experts and scholars 
[33]. The main sources of data for this study were experts and scholars (Table 1) with practical experience in areas related to marine 
recreational activities; they assisted in completing the conditional probability table. The Bayesian network was employed to multiply 
the conditional probability values of each risk factor in a basic model by using Graphical Network Interface, which was used to obtain 
numerical results for the risk of drowning or near-drowning associated with marine recreational activities. 

In the basic model, the probability of substantial risk associated with marine recreational activities occurring was 64%. The 
probability values for each risk factor are listed in Table 3. The probability of risk factors being unfavorable were as follows: natural 
environment, 67%; participant factors, 56%; activity safety management, 54%; lifesaving resources, 59%; panic (yes), 67%; patrols 
and lifeguards (no), 73%; safety awareness, and 51%; safety procedure rehearsals (no), 36%. 

This study simulated changes in the probability of each risk factor being unfavorable under conditions of 100% and 0% overall risk 
of unfavorable conditions. The changes in the probability values of each risk factor from the basic model are listed in Table 3. The 
factors that exerted the greatest effects were the four main factors, lifesaving resources, activity safety management, participant 
factors, and natural environment (listed from greatest to weakest effect). The effect of the natural environment was smaller than that of 
human factors. In addition, the results indicate that if lifesaving resources can be improved, safety management of activities can be 
effectively implemented, and participant-associated risks can be reduced, the risk of drowning or near-drowning associated with 
marine recreational activities will be considerably reduced. The five most influential secondary factors were panic, patrols and life
guards, safety awareness, safety procedure rehearsals, and weather conditions. Emergency rescue facilities and warning signs, beach 
type, sex, and age did not significantly affect the risk of drowning or near-drowning associated with marine recreational activities. 

The study also simulated a single scenario with an overall probability of unfavorable conditions of 100% by using secondary factors 
alone. The probability of other factors being unfavorable remained unchanged. The results of the analysis are listed in Table 4. The 
most influential secondary risk factor was patrols and lifeguards, followed by panic, weather conditions, safety awareness, safety 
procedure rehearsals, and wave height. The influence of these six factors changed by more than six percentage points, which is greater 
than the change in influence of the other factors. Rip current, beach type, age, and sex exhibited no notable change in probability. 

Table 1 
Expert datasheet.  

Expert Area of Expertise 

A (scholar) Coastal/ocean leisure and entertainment development, marine recreation management, leisure sports management 
B (scholar) Diving, water sports management, tourism management 
C (scholar) Diving, water sports management, leisure and recreation management 
D (water rescue personnel) Lifesaving, diving, river tracing, jet ski safety, fin swimming, sailing, surfing, inflatable rescue boats (IRBs), canoe instruction 
E (water rescue personnel) Swimming, diving, jet ski safety, surfing, IRBs, canoe instruction 
F (water rescue personnel) Swimming, lifesaving, diving, creek tracking, surfing, IRBs, canoe instruction 
G (coastguard personnel) Lifesaving, diving, maritime law enforcement 
H (coastguard personnel) Lifesaving, diving, maritime law enforcement 
I (coastguard personnel) Lifesaving, diving, maritime law enforcement  
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Using the aforementioned Bayesian model framework, this study simulated different risk conditions to understand the relationships 
between changes in risk associated with marine recreational activities. The conditions of each simulation are presented in Table 5. 

In situation 1, the probability of a rip current being present (R2), the wave height exceeding 1 m (N2), the weather being sunny 
(J1), the participant’s physiological state being good (O2), the participant’s safety awareness being high (H2), the participant having 
self-rescue ability (L2), the activity equipment being good (M2), no patrol or lifeguard being present (G1), and emergency rescue 
facilities and warning signs being present is 100%, and the probability of other risk factors being unfavorable remains unchanged. 
When situation 1 conditions were applied, the risk of marine recreational activity conditions being unfavorable decreased by 11%, that 
is, decreased from 64% to 53%. 

In situation 2, the probability of the wave height being <1 m (N1), the weather being sunny (J1), the participant’s safety awareness 
being high (H2), the participant having self-rescue ability (L2), the activity equipment being good (M2), no patrols or lifeguards being 
present (G1), safety procedure rehearsals having occurred (I2), and the participant having real-time marine weather information (K2) 

Fig. 2. Risk factor architecture.  

Table 2 
Relationships between assessment factors.  

Left side Direction of affect Right side 

(A) ← (B), (C), (D), (E) 
(B) ← (G), (I), (K), (S) 
(C) ← (G), (H),(I), (M) 
(D) ← (F), (H), (L), (O) 
(E) ← (J), (N), (R) 
(E) → (F) 
(F) ← (G) 
(H) ← (K), (Q) 
(H) → (P) 
(I) ← (Q) 
(J) → (N) 
(M) ← (Q) 
(O) ← (P), (U), (V) 
(R) ← (T) 

The symbol “←” indicates that the factor on the right side influences that on the left side, whereas 
“→” indicates that the factor on the left side influences that on the right side. 
(A) risk of drowning or near-drowning from marine recreational activities; (B) lifesaving re
sources; (C) activity safety management; (D) participant factors; (E) natural environment; (F) 
level of panic; (G) patrols and lifeguards; (H) safety awareness; (I) safety procedure rehearsals; (J) 
weather conditions; (K) real-time marine weather information; (L) self-rescue ability; (M) activity 
equipment; (N) wave height; (O) physiological state; (P) alcohol consumption; (Q) safety 
commitment; (R) rip current; (S) emergency rescue facilities and warning signs; (T) beach type; 
(U) sex; (V) age. 
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is 100%, and the probability of other risk factors being unfavorable remains unchanged. When situation 2 conditions were applied, the 
risk of marine recreational activity conditions being unfavorable decreased by 16%, that is, decreased from 64% to 48%. 

In situation 3, the probability of the participant not having self-rescue ability (L1), safety commitment being low (Q1), safety 
procedure rehearsals not having occurred (I1), no patrol or lifeguard being present (G1), and emergency rescue facilities and warning 
signs being present (S2) is 100%, and the probability of other risk factors being unfavorable remains unchanged. When situation 3 
conditions were applied, the risk of marine recreational activity conditions being unfavorable increased significantly by 12%, that is, 
increased from 64% to 76%. The conditions and analytical results for the other investigated situations are listed in Table 5. 

4.3. Discussion 

According to the simulated situations, establishment of patrols and the presence of lifeguards, reduction of panic, improvement of 
safety awareness, rehearsal of safety procedures, and avoidance of marine recreational activities when weather conditions are poor or 
wave height exceeds 1 m can effectively reduce the risk associated with these activities. According to Pereira [58], the presence of 
sufficient lifeguards and first aid safety equipment ensures the safety of beach recreational activities, particularly during the summer or 
other seasons suitable for water sports. Chen and Bau [59] stated that to create a safe beach recreation environment, different at
tributes of recreational activities should be managed in different areas, and attention should be given to whether sufficient lifeguards 
and lifesaving first aid equipment are present, particularly in areas with many tourists. Ahmad [60] concluded that although the most 
effective method for preventing drowning or near-drowning during participation in marine recreational activities is having a sufficient 
number of lifeguards present, hiring a sufficient number of lifeguards is costly. 

Tourists who lack safety awareness are generally unaware of potential danger when engaging in coastal recreational activities. 
When no lifeguards are stationed in the area or no appropriate lifesaving equipment for rescue is available, the danger for such tourists 
is significantly higher. Therefore, on beaches where coastal recreational activities occur, if tourists’ safety awareness and self-rescue 
ability is improved, the risk associated with coastal recreational activities is lower. Wilks et al. [61] stated that tourists who lack 
knowledge of marine safety are more likely to engage in dangerous behaviors, often endangering themselves and increasing the burden 
on lifeguards. Therefore, the danger of marine recreation can be effectively reduced by increasing the safety awareness of tourists and 
implementing safety education measures for marine activities. 

5. Conclusions 

On the basis of the risk factors and their interrelationships that were identified in this study and the results of risk simulations for 
different scenarios that were conducted using a Bayesian network, the present study obtained the following key findings: (1) Accidents 
are more likely to occur in sea areas without patrols and lifeguards. If no rehearsals of safety practices or inspections of activity 
equipment are conducted before a marine activity is made available, participants in the activity are more likely to panic if an incident 
occurs, and this significantly increases the risk of drowning or near-drowning. (2) Poor weather conditions lead to increased wave 
heights. When the wave height exceeds 1 m, the risk of drowning or near-drowning associated with marine recreational activities is 

Fig. 3. Relationships between risk factors.  
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greater. The results of Förster et al. [62] demonstrate that large waves that occur during typhoons are more likely to cause injury than 
those that occur during other weather conditions. This has led to most tourists visiting sightseeing areas outside of the typhoon season 
to reduce their risk of injury. (3) Tourists who engage in marine recreational activities who lack safety awareness are more likely to 
engage in dangerous behaviors. If their self-rescue ability is insufficient to escape potential danger, their risk of drowning or 
near-drowning is greater. (4) Future research should investigate regional variations in drowning and near-drowning events in coastal 
areas and whether certain areas are associated with higher risks than are others and should identify the underlying factors contributing 
to these differences. Such an analysis could include factors such as geography, local weather patterns, and tourist density. 
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Table 3 
Probability changes in factor unfavourability under 100% and 0% overall risk of unfavorable conditions.  

Marine recreational activity risk factor (1) (2) (3) (4) (5) (6) 

Lifesaving resources (B) Low (B1) 59% 68% +9% 43% − 16% 25% 
High (B2) 41% 32% − 9% 57% +16% 

Activity safety management (C) Bad (C1) 54% 61% +7% 41% − 13% 20% 
Good (C2) 46% 39% − 7% 59% +13% 

Participant factors (D) Bad (D1) 56% 63% +7% 44% − 12% 19% 
Good(D2) 44% 37% − 7% 56% +12% 

Natural environment (E) Bad (E1) 67% 72% +5% 59% − 8% 13% 
Good (E2) 33% 28% − 5% 41% +8% 

Panic (F) No (F1) 33% 29% − 4% 40% +7% 11% 
Yes (F2) 67% 71% +4% 60% − 7% 

Patrols and lifeguards (G) No (G1) 73% 77% +4% 66% − 7% 11% 
Yes (G2) 27% 23% − 4% 34% +7% 

Safety awareness (H) Low (H1) 51% 54% +3% 45% − 6% 9% 
High (H2) 49% 46% − 3% 55% +6% 

Safety procedure rehearsals (I) No (I1) 36% 39% +3% 32% − 4% 7% 
Yes (I2) 64% 61% − 3% 68% +4% 

Weather conditions (J) Sunny (J1) 10% 9% − 1% 12% +2% 3% 
Rain (J2) 25% 24% − 1% 27% +2% 3% 
Typhoon (J3) 65% 67% +2% 61% − 4% 6% 

Real-time marine weather information (K) No (K1) 60% 62% +2% 56% − 4% 6% 
Yes (K2) 40% 38% − 2% 44% +4% 

Self-rescue ability (L) No (L1) 68% 70% +2% 65% − 3% 5% 
Yes (L2) 32% 30% − 2% 35% +3% 

Activity equipment (M) Bad (M1) 44% 46% +2% 41% − 3% 5% 
Good (M2) 56% 54% − 2% 59% +3% 

Wave height (N) Under 1 m (N1) 21% 19% − 2% 24% +3% 5% 
Over 1 m (N2) 79% 81% +2% 76% − 3% 

Physiological state (O) Bad (O1) 43% 45% +2% 41% − 2% 4% 
Good (O2) 57% 55% − 2% 59% +2% 

Alcohol consumption (P) No (P1) 57% 56% − 1% 60% +3% 4% 
Yes (P2) 43% 44% +1% 40% − 3% 

Safety commitment (Q) Low (Q1) 65% 66% +1% 63% − 2% 3% 
High (Q2) 35% 34% − 1% 37% +2% 

Rip current (R) No (R1) 77% 76% − 1% 78% +1% 2% 
Yes (R2) 23% 24% +1% 22% − 1% 

Emergency rescue facilities and warning signs (S) No (S1) 85% 85% 0% 84% − 1% 1% 
Yes (S2) 15% 15% 0% 16% +1% 

Beach type (T) Dissipative (T1) 17% 16% − 1% 17% 0% 1% 
Longshore (T2) 28% 28% 0% 28% 0% 0% 
Transverse and rip (T3) 55% 56% +1% 55% 0% 1% 

Sex (U) Male (U1) 60% 60% 0% 60% 0% 0% 
Female (U2) 40% 40% 0% 40% 0% 

Age (V) ≤24 years (V1) 50% 50% 0% 50% 0% 0% 
25–64 years (V2) 30% 30% 0% 30% 0% 
≥65 years (V3) 20% 20% 0% 20% 0% 

(1) Bayesian network basic model with 64% overall chance of risk factor unfavourability in marine recreational activities; (2) Bayesian network 
model for 100% risk of unfavorable marine recreational activities conditions; (4) Bayesian network model for 0% risk of unfavorable marine rec
reational activity conditions; (3), (5), and (6) indicate probability variation: (3) = (2) − (1); (5) = (4) − (1); (6) = |(5) − (3)|. 
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Table 4 
Risk related to secondary risk factors under 100% overall risk of unfavorable conditions.  

Risk factor Risk of unfavorable factor (7) Probability variation 

Patrols and lifeguards (G) No (G1) 67% +3% 
Yes (G2) 54% − 10% 

Panic (F) No (F1) 56% − 9% 
Yes (F2) 67% +3% 

Weather conditions (J) Sunny (J1) 56% − 8% 
Rain (J2) 61% − 3% 
Typhoon (J3) 66% +2% 

Safety awareness (H) Low (H1) 68% +4% 
High (H2) 59% − 5% 

Safety procedure rehearsals (I) No (I1) 68% +4% 
Yes (I2) 61% − 3% 

Wave height (N) Under 1 m (N1) 59% − 5% 
Over 1 m (N2) 65% +1% 

Self-rescue ability (L) No (L1) 65% +1% 
Yes (L2) 60% − 4% 

Safety commitment (Q) Low (Q1) 65% +1% 
High (Q2) 61% − 3% 

Physiological state (O) Bad (O1) 66% +2% 
Good (O2) 62% − 2% 

Activity equipment (M) Bad (M1) 66% +2% 
Good (M2) 62% − 2% 

Alcohol consumption (P) No (P1) 62% − 2% 
Yes (P2) 66% +2% 

Real-time marine weather information (K) No (K1) 64% 0% 
Yes (K2) 61% − 3% 

Emergency rescue facilities and warning signs (S) No (S1) 64% 0% 
Yes (S2) 61% − 3% 

Rip current (R) No (R1) 63% − 1% 
Yes (R2) 65% +1% 

Beach type (T) Dissipative (T1) 64% 0% 
Longshore (T2) 64% 0% 
Transverse and rip (T3) 63% − 1% 

Age (V) ≤24 years (V1) 63% − 1% 
25–64 years (V2) 64% 0% 
≥65 years (V3) 64% 0% 

Sex (U) Male (U1) 63% − 1% 
Female (U2) 64% 0%  

Table 5 
Risk of unfavorable marine recreational activity conditions in different compound situations.  

Situation Situational conditions Risk of unfavorable marine recreational activity conditions (9) Probability variation (10) = (9) − 64% 

Situation 1 G1, H2, J1, L2, M2, N2, O2, R2, S2 53% − 11% 
Situation 2 G1, H2, I2, J1, K2, L2, M2, N1 48% − 16% 
Situation 3 G1, I1, L1, Q1, S2 76% +12% 
Situation 4 F2, H1, N2, S2 70% +6% 
Situation 5 F2, H1, I1, G2 66% +2% 
Situation 6 F2, H1, N2 72% +8% 
Situation 7 F2, G1, R2 70% +6% 
Situation 8 G1, H1, N2 73% +9% 
Situation 9 L2, N2, O2 60% − 4% 
Situation 10 F2, G2, H1, L1, O1, S2 63% − 1% 
Situation 11 F2, G2, H1, L1, N2, S2 63% − 1%  

M.-T. Lee et al.                                                                                                                                                                                                         



Heliyon 9 (2023) e19827

9

Additional information 

No additional information is available for this paper. 

Declaration of competing interest 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper. 

References 

[1] C.L. Wu, H.M. Chang, Island marine tourism development critical success factors-case by wangan in taiwan, Journal of Global Business Management 9 (3) 
(2013) 126. 

[2] J.G. Chen, Y.Z. Zhong, L.Z.H. Chuang, B. Koppe, H. Chien, Risk management of coastal water safety for recreational activities: the case of Taoyuan coast, Appl. 
Geogr. 117 (2020), 102173. 

[3] B. Brighton, S. Sherker, R. Brander, M. Thompson, A. Bradstreet, Rip current related drowning deaths and rescues in Australia 2004–2011, Nat. Hazards Earth 
Syst. Sci. 13 (4) (2013) 1069–1075. 

[4] B. Castelle, R. Brander, E. Tellier, B. Simonnet, T. Scott, J. McCarroll, P. Lechevrel, Surf zone hazards and injuries on beaches in SW France, Nat. Hazards 93 (3) 
(2018) 1317–1335. 

[5] S.J. Pitman, K. Thompson, D.E. Hart, K. Moran, S.L. Gallop, R.W. Brander, A. Wooler, Beachgoers’ ability to identify rip currents at a beach in situ, Nat. Hazards 
Earth Syst. Sci. 21 (1) (2021) 115–128. 

[6] National fire agency, Overview of Water Accident Rescue Cases, NATIONAL FIRE AGENCY, 2023, July 7. MINISTRY OF THE INTERIOR, https://www.nfa.gov. 
tw/eng/index.php. 

[7] C.W. Finkl (Ed.), Coastal Hazards, Springer, Dordrecht, 2013, p. 840. 
[8] S. Fan, E. Blanco-Davis, Z. Yang, J. Zhang, X. Yan, Incorporation of human factors into maritime accident analysis using a data-driven Bayesian network, Reliab. 

Eng. Syst. Saf. 203 (2020), 107070. 
[9] J.A. Stoop, Maritime accident investigation methodologies, Inj. Control Saf. Promot. 10 (4) (2003) 237–242. 

[10] C.T. Blay, Drowning deaths in the nearshore marine waters of the island of kauai, Hawaii 1970-2009, Int. J. Aquat. Res. Educ. 5 (3) (2011) 7. 
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