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Abstract 

Purpose: Extreme sport tourism has become a rapidly expanding segment 

of the global tourism industry, involving high-risk activities such as rafting, 

climbing, sky running, and canyoning. The objective of this review was to 

synthesize current scientific evidence on the physiological and 

organizational determinants of safety in extreme sport tourism and to 

present an integrated framework applicable to diverse adventure sport 

contexts. Method: A narrative review methodology was adopted. Peer-

reviewed studies published between 2000 and 2025 were identified through 

PubMed, Scopus, Web of Science, ScienceDirect, and Google Scholar. 

Included studies addressed physiological stress responses, environmental 

exposure, guide competence, safety management systems, and emergency 

preparedness in extreme or adventure sport settings. Findings were 

thematically synthesized across physiological and organizational domains. 

Results: The review identified key physiological determinants of safety, 

including cardiovascular strain, hypoxic and respiratory stress, 

thermoregulatory imbalance, dehydration, neuromuscular fatigue, and 

neuroendocrine stress responses, all of which influence performance, 

cognition, and decision-making under extreme conditions. Organizational 

determinants included structured risk assessment, guide training and 

certification, equipment standards, communication systems, emergency 

response planning, and organizational safety culture. Evidence indicated 

that inadequate organizational control amplifies physiological risk and 

contributes to accident occurrence. Conclusion: Safety in extreme sport 

tourism requires an integrated, multidisciplinary approach aligning human 

physiological limits with organizational management to improve 

participant safety and support sustainable destination development. 

Keywords: Sport, Tourism, Cardiorespiratory Stress Responses, 

Organizational Risk Mitigation. 
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Introduction  

Extreme sport tourism has experienced unprecedented growth over the 

past two decades, driven by increased global mobility, improved access 

to natural environments, and the rising popularity of high-adrenaline 

outdoor activities such as rafting, rock climbing, sky running, and 

canyoning (Buckley, 2018; Cohen & Cohen, 2015). These activities 

appeal to both recreational tourists seeking adventure-based 

experiences and athletes pursuing performance challenges in 

unpredictable environments (Cater, 2006). As the adventure tourism 

market continues to expand, so too does the need for a comprehensive 

understanding of the safety dynamics that influence risk exposure, 

physiological performance, and organizational responsibility (Bentley 

& Page, 2008). Extreme sport tourism inherently involves engagement 

with natural landscapes characterized by variable terrain, altitude 

fluctuations, water turbulence, temperature extremes, and exposure to 

unpredictable weather conditions (Buckley, 2012). Consequently, 

participants encounter substantial physiological stressors that interact 

with complex managerial and environmental systems, making safety a 

multidimensional issue requiring interdisciplinary analysis (Ewert & 

Hollenhorst, 1989). 

From a physiological perspective, extreme sport environments impose 

acute and often prolonged demands on multiple body systems, 

including the cardiovascular, thermoregulatory, neuromuscular, 

respiratory, and neuroendocrine systems (Casolo et al., 2020; Jones & 

Johnson, 2016). Unlike controlled sport settings, adventure tourism 

occurs in dynamic, uncontrolled environments where real-time 

physiological adaptation is crucial for survival and performance 

(Burtscher, 2004). Rafting, for example, exposes participants to cold-

water immersion, rapid changes in heart rate, and high levels of upper-

body muscular exertion as they paddle against fast-moving currents 

(Galloway, 2012). Rock climbing requires sustained isometric 
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contractions, high forearm fatigue tolerance, precise motor control, and 

efficient management of the stress response in precarious positions 

(Backe et al., 2019; Schoffl et al., 2010). Sky running—endurance 

running at high altitude on steep mountain terrain—places exceptional 

demands on oxygen transport, aerobic capacity, thermoregulation, and 

neuromuscular coordination (Balducci et al., 2017; Casolo et al., 2020). 

Similarly, canyoning exposes adventurers to water immersion, vertical 

descent, sliding, and jumping movements, all of which influence 

metabolic rate, hydration status, balance, and cognitive function 

(Queiroz et al., 2015). 

The physiological risks associated with these activities include 

dehydration, hypothermia, hyperthermia, acute mountain sickness 

(AMS), cardiac arrhythmias, musculoskeletal injuries, fatigue-induced 

coordination loss, and impaired cognitive judgment (Burtscher, 2004; 

Taylor & Carter, 2019). These risks are exacerbated by environmental 

variables such as altitude, humidity, water temperature, UV exposure, 

barometric pressure, and terrain stability (Muller & Wadsworth, 2019). 

Furthermore, neuroendocrine responses—particularly the release of 

cortisol and adrenaline—play a pivotal role in shaping participants’ 

stress perception, risk-taking behavior, and decision-making capacity 

(Bonanno et al., 2014; Swann et al., 2018). Understanding how the 

human body responds to these extreme demands is essential for 

developing evidence-based safety strategies and informing sport 

tourism operators, policy makers, and adventure guides (Faull & 

Guskiewicz, 2011). 

However, physiological determinants represent only one dimension of 

safety in extreme sport tourism. Organizational and managerial factors 

are equally influential in determining whether adventure experiences 

are conducted safely and sustainably (Attarian, 2018; Page et al., 2005). 

Safety management in adventure tourism requires an integrated system 

of risk assessment, guide training, standard operating procedures 

(SOPs), equipment inspection, regulatory compliance, emergency 

readiness, and real-time decision-making (Quinn & Stacey, 2010). For 

instance, rafting guides must interpret river hydrology, assess water 
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flow hazards, and make split-second decisions to avoid capsizing or 

entrapment (Holyfield, 1997). Climbing instructors must evaluate rope 

systems, anchor stability, and participant competence (Collins & 

Collins, 2012). Sky running organizers must conduct route inspections, 

monitor weather conditions, and ensure access to emergency 

evacuation (Spence & Anderson, 2021). Canyoning leaders must 

anticipate water surges, rockfall potential, and technical challenges 

associated with vertical descent (Queiroz et al., 2015). 

A central issue within organizational determinants is the degree of 

professional competence possessed by guides and tour operators. 

Research consistently shows that many accidents in adventure tourism 

are attributable to human error, inadequate training, poor 

communication, or improper decision-making rather than solely 

environmental factors (Bentley & Page, 2008; Furman & Sibthorp, 

2013). As such, guide certification systems, professional development 

programs, and industry licensing regulations play essential roles in 

maintaining safe practices (Kennedy & Jackman, 2018). Equally 

important is the role of safety culture within organizations responsible 

for delivering adventure experiences (Reason, 2000). Companies with 

strong safety cultures prioritize equipment maintenance, critical 

incident reporting, clear communication protocols, and proactive risk 

mitigation, whereas organizations that prioritize economic gain over 

safety may compromise on guide-to-client ratios or emergency 

planning, thereby increasing accident likelihood (Page et al., 2005). 

In addition to guide competence, the quality of equipment and 

technological support has a profound influence on safety outcomes. 

Advances in wearable monitoring technology, including heart rate 

sensors, GPS units, barometric altimeters, hydration sensors, and 

environmental threat detectors, offer new opportunities to monitor 

physiological stress and environmental hazards in real time (Sperlich & 

Holmberg, 2017). These tools allow for early detection of fatigue, 

overheating, dehydration, altitude sickness, or dangerous weather 

changes, provided that appropriate organizational protocols for data 
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interpretation and emergency response are in place (Muller & 

Wadsworth, 2019). 

Destination management also plays a critical role in ensuring safety. 

Extreme sport tourism destinations require coordinated governance 

among tourism boards, environmental agencies, sports organizations, 

and local authorities (Buckley, 2018). Safety outcomes depend on 

infrastructure quality, regulatory frameworks, environmental 

conservation policies, and community involvement (Baláž & Williams, 

2018). For example, sky running events rely on mountain rescue teams 

and helicopter evacuation capacity, while rafting tourism depends on 

dam release schedules, river mapping, and hydrological monitoring 

(Bentley & Page, 2008). 

Furthermore, the interplay between physiological stress and 

organizational systems underscores the importance of adopting a 

multidisciplinary approach to safety management (Aragon-Carrasco & 

Hughes, 2020). Despite growing interest in extreme sport tourism, 

significant gaps remain in understanding how physiological responses 

interact with organizational risk systems, highlighting the need for 

integrated, evidence-based safety models (Gstaettner et al., 2020). 

Accordingly, this review aims to synthesize existing literature across 

exercise physiology, sport management, adventure safety, and tourism 

research to provide a comprehensive understanding of the physiological 

and organizational determinants of safety in extreme sport tourism. 

Methods  

This study adopted a narrative review methodology to synthesize 

multidisciplinary evidence on the physiological and organizational 

determinants of safety in extreme sport tourism. A narrative review 

approach was selected because the research topic spans multiple 

academic domains, including exercise physiology, sport and tourism 

management, environmental science, and risk management, each 

characterized by heterogeneous research designs, analytical 

frameworks, and outcome measures. Unlike systematic reviews that 
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prioritize narrowly defined questions, a narrative approach allows for 

integrative interpretation of empirical findings, theoretical models, and 

industry practices, which is particularly appropriate for complex, 

systems-based safety issues in adventure tourism contexts (Green et al., 

2006). 

 

A comprehensive literature search was conducted across major 

academic databases, including PubMed, Scopus, Web of Science, 

ScienceDirect, and Google Scholar, covering publications from January 

2000 to March 2025. Search terms were developed to capture both 

physiological and organizational dimensions of safety and included 

combinations of keywords such as “extreme sport tourism,” “adventure 

tourism safety,” “physiological stress,” “environmental stressors,” 

“organizational risk management,” and “emergency preparedness,” as 

well as activity-specific terms including “rafting safety,” “climbing 

safety,” “sky running,” and “canyoning risks.” Boolean operators 

(AND/OR) were applied to refine search sensitivity and specificity. 

 

Studies were eligible for inclusion if they were published in English, 

involved human participants, and examined physiological responses or 

organizational safety factors within adventure or extreme sport settings. 

Peer-reviewed journal articles, conference proceedings, and academic 

books were considered. Priority was given to studies addressing 

activities such as rafting, climbing, sky running, canyoning, 

mountaineering, and trail running, due to their relevance to high-risk 

outdoor tourism environments. Studies were excluded if they involved 

animal models, focused exclusively on equipment design without 

addressing safety or physiological implications, lacked accessible full 

texts, or examined tourism motivation without reference to physical or 

organizational safety considerations. 

 

The initial search yielded approximately 420 records. After removal of 

duplicates, 310 articles remained for abstract screening, of which 178 

were excluded for not meeting inclusion criteria. Full-text assessment 
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of 132 articles resulted in 84 studies retained for final synthesis. 

Additional foundational studies were identified through reference list 

screening using a snowballing technique to ensure comprehensive 

coverage (Page et al., 2005). 

 

Data extraction and analysis followed a qualitative thematic synthesis 

approach. Included studies were organized into two overarching 

analytical domains: physiological determinants of safety (e.g., 

cardiovascular strain, thermoregulation, hydration, neuromuscular 

fatigue, neuroendocrine stress responses) and organizational 

determinants of safety (e.g., risk assessment systems, guide 

competence, safety protocols, emergency response, and environmental 

monitoring). Themes were refined iteratively to develop an ecological, 

system-level perspective on safety in extreme sport tourism (Buckley, 

2018). 

 

 

Physiological Determinants of Safety in Extreme Sport Tourism 

 

Extreme sport tourism exposes participants to a complex combination 

of physical, environmental, and psychological stressors that demand 

rapid and effective physiological adaptation. Unlike conventional 

competitive sports performed in controlled settings, adventure tourism 

activities such as rafting, rock climbing, sky running, and canyoning 

take place in highly variable and unpredictable natural environments. 

These environments impose fluctuating workloads, environmental 

extremes, and cognitive challenges that directly influence participant 

safety. Understanding the physiological determinants of safety is 

therefore essential for predicting risk, preventing injury, and informing 

the design and management of safe adventure tourism experiences 

(Buckley, 2018). 

Physiological safety in extreme sport tourism is governed by the 

interaction of multiple biological systems, including cardiovascular, 

respiratory, thermoregulatory, neuromuscular, metabolic, and 
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neuroendocrine systems. The ability of participants to adapt to 

environmental stressors depends on both acute physiological responses 

and longer-term adaptive capacity, which varies widely across 

individuals based on fitness level, health status, acclimatization, and 

psychological resilience (Burtscher, 2004). Failure of one or more 

physiological systems to cope with environmental or activity-specific 

demands can rapidly escalate into critical safety incidents. 

 

Cardiovascular Strain and Acute Workload Responses 

 

Cardiovascular function plays a central role in determining safety 

during high-intensity and prolonged adventure tourism activities. 

Activities such as rafting, climbing, and sky running impose 

intermittent or sustained elevations in heart rate, blood pressure, and 

cardiac output. In rafting, repeated bursts of upper-body exertion 

combined with dynamic balance demands lead to rapid cardiovascular 

fluctuations. These responses are further intensified by cold-water 

immersion, which triggers the “cold shock response,” characterized by 

peripheral vasoconstriction, increased sympathetic activation, elevated 

heart rate, and increased myocardial workload (Galloway, 2012). In 

susceptible individuals, this response may precipitate cardiac 

arrhythmias or acute cardiovascular events. 

Sky running and alpine climbing present additional cardiovascular 

challenges due to sustained uphill locomotion and reduced oxygen 

availability at altitude. Hypoxic conditions lower arterial oxygen 

saturation, forcing the cardiovascular system to compensate through 

increased heart rate and cardiac output in order to maintain tissue 

oxygen delivery (Burtscher, 2004). When cardiovascular strain exceeds 

an individual’s physiological capacity, symptoms such as dizziness, 

dyspnea, chest discomfort, or syncope may occur, significantly 

increasing accident risk. Insufficient cardiovascular fitness, inadequate 

acclimatization, or undiagnosed cardiac conditions substantially elevate 

vulnerability in these environments (Casolo et al., 2020). 
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Effective safety management requires organizational awareness of 

cardiovascular demands, including appropriate route selection, 

workload modulation, pacing strategies, and recognition of early 

warning signs of cardiovascular overload. Participant screening for 

cardiovascular risk factors and adjustment of activity intensity based on 

observable fatigue are critical preventive measures (Page et al., 2005). 

 

Respiratory Demands, Hypoxia, and Ventilatory Stress 

 

Respiratory stress is a major determinant of safety in altitude-based 

adventure tourism activities. Sky running, mountaineering, and high-

altitude climbing expose participants to reduced ambient oxygen 

pressure, which limits oxygen diffusion into the bloodstream and 

induces hypoxemia. This hypoxic stress triggers compensatory 

increases in ventilation rate and respiratory muscle work, leading to 

elevated perceived exertion and accelerated fatigue (Burtscher, 2004). 

One of the most significant respiratory-related safety threats is acute 

mountain sickness (AMS), which commonly develops within 24–48 

hours of ascent. AMS manifests through symptoms such as headache, 

nausea, dizziness, fatigue, and sleep disturbance and is associated with 

hypoxia-induced alterations in cerebral blood flow and fluid regulation. 

In severe cases, AMS may progress to high-altitude pulmonary edema 

(HAPE) or high-altitude cerebral edema (HACE), both of which are 

potentially fatal without immediate descent and medical intervention 

(Burtscher, 2004). 

Respiratory challenges are not limited to altitude-based sports. In 

rafting and canyoning, repeated cold-water immersion, inhalation of 

cold air, and rapid upper-body exertion may provoke 

bronchoconstriction or bronchospasm, particularly in individuals with 

asthma or airway hyperreactivity. Restricted breathing capacity 

increases anxiety and elevates respiratory effort, further amplifying 

physiological stress (Galloway, 2012). Adequate acclimatization 

schedules, gradual ascent protocols, hydration strategies, and pre-
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participation screening for respiratory conditions are essential for 

reducing respiratory-related risks. 

 

Thermoregulation and Environmental Extremes 

 

Thermoregulatory stress represents one of the most prevalent and 

critical physiological challenges in extreme sport tourism. Activities 

occur across a wide range of thermal environments, including cold 

rivers, exposed alpine ridges, tropical canyons, and arid desert 

landscapes. Both cold and heat stress significantly impair physical 

performance, cognitive function, and decision-making, thereby 

increasing accident risk (Taylor & Carter, 2019). 

Cold stress is particularly relevant in rafting and canyoning, where 

prolonged or repeated cold-water immersion rapidly reduces skin and 

core temperatures. As core temperature declines, muscular strength, 

coordination, and dexterity deteriorate, while cognitive processing 

slows. Hypothermia-related impairments compromise reaction time 

and judgment, increasing the likelihood of falls, equipment misuse, or 

delayed responses to hazards (Galloway, 2012). 

Conversely, heat stress poses a major threat during sky running, desert 

trail running, and climbing in warm or humid environments. Prolonged 

exertion elevates metabolic heat production, and when heat dissipation 

is limited by high ambient temperature or humidity, core temperature 

rises. Heat exhaustion and heat stroke impair cardiovascular stability, 

neuromuscular function, and cognition, substantially increasing safety 

risks (Taylor & Carter, 2019). Environmental factors such as wind chill, 

rainfall, solar radiation, and UV exposure further complicate 

thermoregulation. Appropriate clothing, hydration protocols, scheduled 

rest periods, and environmental monitoring are therefore essential 

components of safety management. 

 

Hydration, Electrolyte Balance, and Fluid Regulation 
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Hydration status is a critical determinant of safety in extreme sport 

tourism. High sweat rates during sky running or climbing result in 

significant fluid and electrolyte losses, reducing plasma volume, 

increasing cardiovascular strain, and impairing thermoregulation. 

Dehydration exacerbates fatigue, decreases muscular endurance, and 

elevates the risk of heat-related illness (Taylor & Carter, 2019). 

Electrolyte imbalances, particularly hyponatremia and hypokalemia, 

may occur when fluid intake is inadequate or improperly managed. 

These imbalances can cause muscle cramps, confusion, nausea, and in 

severe cases, seizures or cardiac dysrhythmias. Notably, dehydration is 

also common in cold environments, as suppressed thirst sensation and 

increased respiratory fluid loss often mask hydration deficits during 

rafting or canyoning. Continuous hydration monitoring and proactive 

fluid replacement strategies are therefore essential across both hot and 

cold adventure contexts. 

 

Neuromuscular Fatigue and Motor Control 

 

Neuromuscular fatigue significantly influences safety by impairing 

coordination, balance, proprioception, and fine motor control. Climbing 

relies heavily on sustained isometric contractions of the forearm 

muscles, dynamic pulling movements, and precise foot placement. As 

fatigue develops, grip strength and postural stability decline, increasing 

fall risk (Schoffl et al., 2010). 

Sky running imposes substantial neuromuscular stress during steep 

ascents and eccentric muscle loading during descents. Fatigue-induced 

missteps during downhill running are a leading cause of ankle sprains, 

fractures, and traumatic falls. In rafting and canyoning, neuromuscular 

fatigue reduces paddling efficiency, delays responses to obstacles, and 

increases the likelihood of improper landing or equipment misuse. 

Structured conditioning programs, graded exposure, pacing strategies, 

and adequate recovery intervals are essential for mitigating fatigue-

related risks. 
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Neuroendocrine Stress Responses and Decision-Making 

 

Extreme environments activate the neuroendocrine stress response, 

leading to increased secretion of cortisol, adrenaline, and noradrenaline. 

While acute stress responses enhance alertness and reaction speed, 

prolonged or excessive activation impairs executive function, working 

memory, and judgment (Swann et al., 2018). Elevated adrenaline may 

promote impulsive decision-making, while chronic cortisol exposure 

negatively affects cognitive flexibility and emotional regulation. 

Decision-making errors are a primary contributor to accidents in 

adventure tourism. Emotional stress interacts with physical fatigue, 

further degrading motor coordination and reaction time, particularly 

during prolonged climbs or ultra-distance sky running events. Training 

stress resilience, implementing scenario-based safety training, and 

incorporating psychological screening can reduce the likelihood of 

stress-induced decision errors. 

 

Individual Variability and Pre-Existing Conditions 

 

Physiological responses to extreme sport tourism stressors vary 

substantially between individuals. Age, fitness level, body composition, 

chronic disease, acclimatization history, prior injury, and psychological 

resilience all influence tolerance to cardiovascular, respiratory, thermal, 

and neuromuscular stress. Participants with pre-existing cardiac, 

respiratory, or metabolic conditions face heightened risk in extreme 

environments (Burtscher, 2004). Effective safety management 

therefore requires participant screening, individualized route selection, 

and activity matching to physiological capacity. 

 

Summary 

Physiological determinants of safety in extreme sport tourism are 

multifactorial, interactive, and environment-dependent. Cardiovascular 

strain, respiratory stress, thermoregulation, hydration, neuromuscular 

fatigue, and neuroendocrine responses collectively shape participants’ 
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ability to tolerate high-risk adventure activities. Understanding these 

physiological responses is essential for developing evidence-based 

safety protocols, mapping activity-specific risks, and informing 

organizational strategies that safeguard participants. 

Summary of key physiological determinants affecting safety outcomes 

in extreme sport tourism, illustrating how cardiovascular, respiratory, 

thermal, hydration, neuromuscular, and neuroendocrine factors 

contribute to risk levels across various adventure activities. (Table 1) 

 

Table 1. Physiological Determinants of Safety in Extreme Sport 

Tourism 

Physiological 

Factor 
Description Associated Risks 

Related 

Activities 

Cardiovascular 

Strain 

Increased HR, BP, and 

cardiac output during 

exertion or cold-water 

exposure 

Arrhythmias, 

syncope, cardiac 

overload 

Rafting, sky 

running, climbing 

Respiratory & 

Hypoxic Stress 

Reduced oxygen saturation 

at altitude, increased 

ventilatory demand 

AMS, HAPE, 

dyspnea, 

dizziness 

Sky running, 

mountaineering 

Thermoregulation 
Heat or cold stress, 

humidity, wind exposure 

Hypothermia, 

heat stroke, 

dehydration 

Rafting, 

canyoning, desert 

running 

Hydration & 

Electrolytes 

High sweat loss or limited 

intake 

Cramping, 

hyponatremia, 

confusion 

Sky running, 

canyoning 

Neuromuscular 

Fatigue 

Muscle exhaustion 

affecting coordination and 

grip strength 

Falls, missteps, 

injuries 

Climbing, 

canyoning, sky 

running 
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Neuroendocrine 

Stress 

Elevated 

cortisol/adrenaline altering 

cognition 

Impaired 

judgment, risk-

taking 

All extreme sports 

 

This figure provides an overview of the major physiological 

determinants that influence safety in extreme sport tourism. 

Cardiovascular strain reflects increased cardiac workload during high-

intensity or cold-water activities, while respiratory and hypoxic stress 

highlight ventilation demands in altitude-based sports such as sky 

running. Thermoregulatory demands arise from exposure to heat, cold, 

humidity, and wind, which can lead to hypothermia or heat exhaustion. 

Hydration and electrolyte balance are essential for maintaining blood 

volume, neuromuscular function, and thermal stability. Neuromuscular 

fatigue reduces coordination, grip strength, and balance, increasing the 

likelihood of accidents during climbing or technical movement tasks. 

Finally, neuroendocrine stress responses—mediated by cortisol and 

adrenaline—affect attention, decision-making, and risk-taking 

behaviors. Together, these physiological components shape the 

athlete’s ability to adapt to unpredictable natural environments, making 

them critical factors in safety management within adventure tourism. 

(Figure 1) 
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Figure 1. Physiological determinants influencing safety in extreme 

sport tourism activities 

 

 

Organizational Determinants of Safety in Extreme Sport Tourism 

Safety in extreme sport tourism extends well beyond individual 

physiological capacity and technical skill; it is fundamentally shaped 

by the organizational structures that govern planning, decision-making, 

training, supervision, and emergency response. Unlike conventional 
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sport or recreational environments, extreme sport tourism takes place in 

unstructured, dynamic, and often remote natural settings such as rivers, 

mountains, canyons, cliffs, and wilderness areas. These environments 

are characterized by rapid environmental change, limited external 

control, and delayed access to emergency services. As a result, safety 

outcomes depend heavily on how effectively organizations anticipate 

hazards, manage uncertainty, and align operational practices with 

environmental and human constraints (Buckley, 2018; Bentley & Page, 

2008). 

Organizational determinants of safety encompass formal systems, 

professional competencies, technological resources, and institutional 

cultures that collectively shape risk exposure. Research consistently 

demonstrates that many accidents in adventure tourism arise not from 

environmental hazards alone, but from organizational failures such as 

inadequate risk assessment, insufficient guide training, poor 

communication, or weak emergency preparedness (Page et al., 2005). 

This section examines the principal organizational determinants of 

safety in extreme sport tourism and explains how operators, guides, 

regulatory bodies, and destination managers jointly influence safety 

outcomes. 

 

Safety Management Systems and Risk Assessment Frameworks 

Effective safety management in extreme sport tourism begins with 

structured and systematic risk assessment. Organizations must identify, 

evaluate, and mitigate hazards specific to each activity and 

environment, including terrain instability in climbing and sky running, 

variable water flow in rafting and canyoning, altitude exposure, weather 

volatility, and participant-specific vulnerabilities. Formal safety 

management systems provide a framework through which these hazards 

can be monitored and controlled, transforming unpredictable 

environments into manageable operational contexts (Attarian, 2018). 

Well-established risk assessment frameworks, such as hazard 

identification and risk assessment procedures and standard operating 

procedures, allow organizations to classify risks according to likelihood 
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and severity and to establish predefined response strategies. However, 

unlike static risk environments, adventure tourism demands continuous 

and dynamic risk evaluation. Weather conditions, river discharge 

levels, trail erosion, rockfall probability, and participant fatigue can 

change rapidly, requiring guides and managers to reassess risk in real 

time (Bentley & Page, 2008). 

Organizations that integrate dynamic on-site risk assessment into daily 

operations demonstrate greater adaptive capacity and lower accident 

rates. Continuous environmental monitoring, combined with systematic 

incident reporting and post-event analysis, enables organizations to 

learn from near-misses and minor incidents before they escalate into 

serious accidents. Conversely, organizations that rely solely on pre-trip 

planning without adaptive decision-making mechanisms are less able to 

respond effectively to evolving hazards (Page et al., 2005). 

 

Guide Competence, Professional Training, and Certification 

Adventure tourism guides represent the frontline of organizational 

safety. Their technical competence, situational awareness, and 

decision-making capacity directly shape participant exposure to risk. 

High-quality organizations invest heavily in comprehensive guide 

training that encompasses technical proficiency, environmental 

interpretation, emergency response, and interpersonal communication 

skills (Collins & Collins, 2012). 

Professional competence extends beyond technical ability. Guides must 

possess advanced judgment skills to balance safety with experiential 

quality, particularly when faced with ambiguous or rapidly changing 

conditions. Training in first aid, wilderness medicine, water rescue, 

vertical rescue, and navigation equips guides to manage emergencies 

effectively when external assistance is delayed or unavailable. Equally 

important is training in group management, communication, and 

leadership, as poor group control or miscommunication frequently 

contributes to accidents (Furman & Sibthorp, 2013). 

Formal certification and accreditation systems play a critical role in 

standardizing guide competence across destinations. Certification 
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ensures that guides meet minimum international or national safety 

standards and fosters professional accountability. Empirical evidence 

indicates that destinations with well-regulated guide certification 

systems experience lower accident rates than those with informal or 

unregulated guiding practices (Bentley & Page, 2008). In contrast, 

regions experiencing rapid tourism growth without parallel investment 

in training and regulation often face elevated safety risks due to 

inexperienced operators and inconsistent standards. 

 

Equipment Quality, Inspection, and Technological Integration 

Equipment integrity is a central organizational determinant of safety in 

extreme sport tourism. Failure of critical equipment such as helmets, 

harnesses, ropes, personal flotation devices, or boats can result in severe 

injury or fatality. Organizations bear responsibility for ensuring that all 

equipment meets recognized international standards, is appropriately 

matched to environmental conditions, and is maintained throughout its 

operational lifespan (Attarian, 2018). 

Systematic inspection protocols, documented replacement cycles, and 

clear equipment logs are essential components of organizational safety 

practice. Pre-activity equipment checks and participant briefings on 

proper use further reduce the likelihood of misuse or mechanical failure. 

Studies in adventure tourism consistently identify inadequate 

equipment maintenance as a contributing factor in accident 

investigations (Page et al., 2005). 

Technological innovation has increasingly influenced equipment-based 

safety management. Wearable monitoring devices, global positioning 

systems, environmental sensors, and mobile communication tools 

provide real-time data on participant status and environmental 

conditions. These technologies enhance situational awareness and 

support informed decision-making, particularly in remote or high-risk 

environments. For example, real-time weather alerts or physiological 

monitoring can prompt timely route modifications or activity 

termination before conditions become unsafe (Buckley, 2018). 
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However, technology introduces new organizational challenges. 

Overreliance on digital systems without adequate training or 

redundancy can create false confidence and delay critical decisions. 

Effective organizations therefore integrate technology within broader 

safety systems, supported by clear protocols for data interpretation, 

maintenance, and emergency communication. 

 

Emergency Response Systems and Crisis Management 

Emergency preparedness is a defining feature of organizational safety 

capacity in extreme sport tourism. Due to the remote and unpredictable 

nature of adventure environments, organizations must assume that 

emergencies will occur and prepare accordingly. Effective emergency 

response systems include predefined evacuation routes, communication 

protocols, medical response capabilities, and coordination with local 

rescue services (Spence & Anderson, 2021). 

Crisis management planning must be activity- and environment-

specific. Rafting operators require swift-water rescue capabilities and 

access to rescue equipment, while climbing and sky running operations 

must plan for vertical evacuation and high-altitude medical response. 

Regular emergency drills and scenario-based training enhance guide 

readiness and expose weaknesses in organizational response systems 

before real incidents occur. 

Empirical evidence indicates that organizations with rehearsed 

emergency protocols and strong inter-agency coordination significantly 

reduce injury severity and recovery time when accidents occur. In 

contrast, poorly structured emergency systems often exacerbate the 

consequences of otherwise manageable incidents (Page et al., 2005). 

 

Participant Screening, Briefing, and Education 

Participant characteristics represent a critical interface between 

organizational systems and physiological risk. Adventure tourists vary 

widely in fitness level, experience, health status, and risk tolerance. 

Organizational screening processes help ensure that participants are 
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matched appropriately to activity demands, reducing the likelihood of 

overload or panic (Buckley, 2018). 

Health questionnaires, experience verification, and basic fitness 

assessments allow operators to identify individuals at elevated risk. Pre-

activity briefings further enhance safety by communicating expected 

demands, potential hazards, equipment use, and behavioral 

expectations. Research shows that comprehensive participant education 

significantly reduces accidents by improving compliance, situational 

awareness, and communication during activities (Attarian, 2018). 

 

Organizational Safety Culture and Leadership 

Beyond formal procedures, safety culture plays a decisive role in 

shaping organizational behavior. Safety culture refers to the shared 

values, attitudes, and practices that determine how safety is prioritized 

relative to commercial objectives. Organizations with strong safety 

cultures emphasize proactive risk management, transparent incident 

reporting, and continuous learning from near-misses (Reason, 2000). 

Leadership commitment is central to cultivating a positive safety 

culture. Managers who model safe behavior, support conservative 

decision-making, and empower guides to cancel or modify activities 

under unsafe conditions foster environments in which safety is 

embedded in daily operations. Conversely, organizations driven 

primarily by economic pressure may compromise safety standards, 

increasing accident likelihood (Bentley & Page, 2008). 

 

Destination-Level Governance and Interorganizational 

Coordination 

Organizational determinants of safety extend beyond individual 

operators to encompass destination-level governance systems. 

Adventure tourism destinations depend on coordination among tourism 

authorities, environmental agencies, rescue services, and regulatory 

bodies. Infrastructure quality, environmental monitoring, licensing 

enforcement, and rescue accessibility all influence safety outcomes 

(Buckley, 2018). 
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Destinations with integrated governance frameworks and clear 

regulatory oversight demonstrate stronger safety performance and 

greater tourist confidence. In contrast, fragmented governance and 

inconsistent regulation create gaps in accountability and emergency 

response capacity. 

 

Emergency Response Systems and Crisis Management 

Robust emergency response systems constitute a core pillar of safety in 

extreme sport tourism, as accidents often occur in remote, 

environmentally unstable settings where external assistance may be 

delayed. Effective organizations therefore develop crisis management 

plans that are explicitly tailored to the physiological demands of 

specific activities and the environmental characteristics of each 

destination. These plans typically integrate evacuation strategies, 

medical response capacity, communication protocols, and coordination 

mechanisms with external rescue agencies, thereby transforming 

emergency response from an ad hoc reaction into a structured 

operational process (Spence & Anderson, 2021). 

In high-altitude activities such as sky running or alpine climbing, 

emergency preparedness requires advance planning for altitude-related 

illness, sudden weather deterioration, and vertical evacuation. This 

often includes the deployment of trained rescue marshals, on-site 

medical facilities, predefined evacuation routes, and continuous 

meteorological monitoring. In water-based activities such as rafting and 

canyoning, organizations must ensure guide competence in swift-water 

rescue techniques and maintain immediate access to rescue equipment, 

including throw bags, rescue ropes, and flotation devices. The 

effectiveness of such systems depends not only on equipment 

availability but also on repeated training and rehearsal under simulated 

emergency conditions (Bentley & Page, 2008). 

Preparedness exercises, including mock rescue drills and scenario-

based simulations, enhance organizational readiness by improving 

guide response speed and revealing latent system weaknesses. 

Empirical evidence suggests that organizations with regularly rehearsed 
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emergency protocols experience reduced injury severity and more 

efficient incident resolution compared with those relying on informal 

or reactive approaches. Conversely, fragmented or poorly coordinated 

emergency systems often exacerbate the consequences of accidents that 

might otherwise be manageable (Page et al., 2005). 

 

Participant Screening, Briefing, and Education 

Participant-related factors represent a critical interface between 

organizational systems and physiological risk. Individuals engaging in 

extreme sport tourism vary widely in physical fitness, age, technical 

experience, psychological resilience, and tolerance for risk. 

Organizational screening processes play a preventive role by ensuring 

that participants are appropriately matched to the physical and 

environmental demands of specific activities (Buckley, 2018). 

Screening procedures commonly include health questionnaires, 

verification of prior experience, basic fitness assessments, and 

disclosure of chronic medical conditions or medication use. Although 

such measures cannot eliminate risk entirely, they significantly reduce 

the likelihood of severe physiological overload or panic-related 

incidents by identifying individuals with heightened vulnerability. 

Screening alone, however, is insufficient without comprehensive 

participant education. 

Pre-activity briefings serve as a critical organizational mechanism for 

aligning participant expectations with operational realities. Effective 

briefings clearly communicate activity demands, environmental 

hazards, safety procedures, equipment use, and behavioral 

expectations, while reinforcing guide authority and communication 

protocols. Research consistently demonstrates that thorough participant 

education enhances situational awareness, improves compliance with 

safety instructions, and reduces accident rates across adventure tourism 

contexts (Attarian, 2018). In contrast, minimal or rushed briefings 

increase misunderstanding, inappropriate risk-taking, and delayed 

responses during emergencies. 
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Organizational Safety Culture and Leadership 

Beyond formal procedures and technical systems, safety culture exerts 

a profound influence on organizational performance in extreme sport 

tourism. Safety culture refers to the shared values, norms, and practices 

that shape how safety is prioritized relative to commercial objectives. 

Organizations with strong safety cultures consistently demonstrate 

proactive risk identification, transparent incident reporting, and 

continuous learning from near-miss events (Reason, 2000). 

Leadership commitment is central to cultivating such cultures. 

Managers who visibly prioritize safety, support conservative decision-

making, and empower guides to modify or cancel activities under 

unsafe conditions create environments in which safety is embedded in 

everyday practice. These organizations encourage open 

communication, feedback from staff and participants, and routine safety 

audits. Conversely, organizations driven primarily by economic 

pressures may tolerate excessive workloads, insufficient guide-to-client 

ratios, or continuation of activities under marginal conditions, thereby 

increasing accident likelihood (Bentley & Page, 2008). 

Safety culture thus functions as a moderating force that shapes how 

formal rules are interpreted and enacted in real-world situations. Even 

well-designed safety management systems can fail if organizational 

culture discourages reporting, discourages caution, or penalizes 

conservative decisions. 

 

Destination-Level Governance and Environmental Management 

Organizational determinants of safety extend beyond individual 

operators to encompass destination-level governance systems. Extreme 

sport tourism is embedded within broader regulatory, environmental, 

and institutional contexts involving local authorities, environmental 

agencies, tourism boards, and rescue organizations. Destination-level 

factors such as infrastructure quality, environmental monitoring, 

licensing enforcement, and rescue accessibility exert a decisive 

influence on safety outcomes (Buckley, 2018). 
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For example, canyoning destinations must integrate hydrological 

monitoring and flash-flood warning systems, while mountain regions 

require managed access routes, erosion control, waste management, and 

clearly marked rescue points. River-based tourism relies on 

coordination with dam operators, seasonal hazard mapping, and water 

flow regulation. Destinations that implement integrated governance 

frameworks and inter-agency collaboration demonstrate stronger safety 

performance and higher tourist confidence than those with fragmented 

oversight structures (Page et al., 2005). 

Effective destination management aligns environmental conservation 

with safety objectives, recognizing that ecological degradation, 

overcrowding, and uncontrolled access increase both environmental 

risk and accident probability. 

 

Communication Systems and Information Flow 

Communication represents a fundamental organizational determinant 

of safety in extreme sport tourism. Reliable information flow between 

guides, participants, management teams, and emergency services 

enables timely decision-making and coordinated response under rapidly 

changing conditions. Communication systems typically include direct 

guide-to-participant interaction, radio or satellite communication in 

remote areas, real-time weather and hazard alerts, and coordination with 

external rescue agencies (Spence & Anderson, 2021). 

Communication failures—such as signal loss, ambiguous instructions, 

or inconsistent pre-activity briefings—are frequently identified as 

contributing factors in accident investigations. Implementing 

multilayered communication systems with redundancy reduces 

uncertainty and ensures continuity during emergencies. Clear 

communication protocols also reinforce participant trust and 

compliance, particularly under conditions of heightened physiological 

stress or fear. 

 

Socioeconomic and Cultural Influences 
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Socioeconomic and cultural contexts indirectly shape organizational 

safety capacity in extreme sport tourism. In economically constrained 

regions, operators may lack access to high-quality equipment, formal 

training programs, or advanced emergency infrastructure. Cultural 

attitudes toward risk-taking, authority, and client expectations can 

further influence safety practices and decision-making norms. 

Promoting international safety standards, equitable labor conditions, 

and community engagement strengthens local safety systems and 

enhances destination credibility. Capacity-building initiatives that 

support guide training and infrastructure development are particularly 

important in emerging adventure tourism markets (Buckley, 2018). 

 

Summary 

Organizational determinants of safety in extreme sport tourism 

comprise a complex and interconnected system of emergency 

preparedness, participant management, safety culture, communication, 

and destination governance. Effective organizations integrate these 

elements into cohesive safety management frameworks that anticipate 

hazards, adapt to environmental uncertainty, and protect participants 

from preventable harm. When aligned with an informed understanding 

of physiological stressors, organizational systems play a decisive role 

in creating safer, more resilient, and more sustainable adventure tourism 

experiences. 

 

Table 2. Organizational Determinants of Safety in Extreme Sport Tourism 

Organizational 

Factor 
Description 

Operational 

Implications 

Impact on 

Safety 

Guide 

Competence 

Technical skills, 

situational 

awareness, 

rescue training 

Accurate 

decisions, 

effective 

supervision 

Major reduction 

in accidents 

Equipment & 

Gear Quality 

Certified, 

inspected, and 

Fewer 

mechanical 

failures 

Improved 

participant 

protection 
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well-maintained 

tools 

Risk Assessment 

Systems 

Hazard 

identification, 

SOPs, dynamic 

assessment 

Better route 

planning and 

hazard control 

Lower exposure 

to dangerous 

conditions 

Communication 

Systems 

Radios, satellite 

phones, real-time 

weather alerts 

Faster 

response, 

coordinated 

teams 

Enhanced 

emergency 

readiness 

Emergency 

Preparedness 

Evacuation plans, 

on-site medical 

kits, rescue links 

Rapid crisis 

management 

Reduced 

severity of 

injuries 

Safety Protocols 

& Culture 

SOPs, briefing 

quality, incident 

reporting 

Consistent safe 

practice 

behavior 

Stronger 

organizational 

safety outcomes 

 

Organizational determinants influencing safety in extreme sport 

tourism, demonstrating how guide competence, equipment quality, 

communication systems, emergency planning, and safety culture shape 

risk management effectiveness. (Table 2) 
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Figure 2. Organizational determinants of safety in extreme sport tourism 

 

This figure presents a conceptual overview of the key organizational 

factors that determine safety outcomes in extreme sport tourism 

environments. At the center of the model is the concept of “Safety,” 

surrounded by six essential organizational components. Competent 

guides represent the frontline defense against accidents, as their 

technical skills, decision-making ability, and situational awareness 

directly influence participant safety. Equipment and gear quality reflect 

an organization’s commitment to providing reliable and certified tools, 

reducing the likelihood of mechanical failure in rafting, climbing, 

canyoning, or sky running. 

Communication systems—including radios, satellite devices, and real-

time hazard updates—ensure coordinated operations and rapid response 

during emergencies. Emergency preparedness refers to established 

rescue procedures, trained personnel, evacuation plans, and 

collaboration with local rescue agencies. Risk assessment and hazard 

management involve systematic identification, evaluation, and 
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mitigation of environmental and activity-specific risks. Finally, safety 

protocols, such as standard operating procedures (SOPs), guide-to-

client ratios, route planning, and incident reporting, provide a structured 

operational framework for maintaining safe conditions. 

Together, these organizational determinants form a multi-layered safety 

system that interacts with the physiological demands of extreme sport 

activities, shaping overall risk exposure. Their integration is essential 

for delivering safe, sustainable, and high-quality extreme tourism 

experiences. (Figure 2) 

 

Integrating Physiological and Organizational Systems in Extreme 

Sport Tourism 

The safety, effectiveness, and sustainability of extreme sport tourism 

depend on the coherent integration of physiological knowledge and 

organizational management systems. While physiological determinants 

define how the human body responds to environmental exposure and 

activity-specific demands, organizational systems shape the conditions 

under which these physiological stressors are encountered, monitored, 

and managed. Considered in isolation, neither physiological resilience 

nor organizational control is sufficient to ensure safety in high-risk 

adventure environments. Instead, safety emerges from the interaction 

between human biological limits and the managerial structures that 

govern decision-making, risk assessment, and operational execution 

(Buckley, 2018). 

Extreme sport tourism environments impose a wide range of 

physiological demands, including cardiovascular strain, respiratory 

stress, thermoregulatory challenges, dehydration, neuromuscular 

fatigue, and stress-induced cognitive impairment. These responses 

define an individual’s margin of safety and influence their ability to 

perceive hazards, execute technical skills, and make sound decisions 

under pressure (Burtscher, 2004; Taylor & Carter, 2019). For example, 

dehydration compromises thermoregulation and cardiovascular 

stability, increasing susceptibility to heat exhaustion during prolonged 

sky running events. Similarly, neuromuscular fatigue in climbers 
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reduces grip strength and proprioceptive control, elevating the risk of 

falls in technically demanding terrain (Schoffl et al., 2010). 

Recognizing these physiological thresholds is fundamental to effective 

organizational planning. 

Organizational systems serve as the mechanism through which 

physiological knowledge is operationalized into practical safety 

strategies. When tour operators and guides understand principles such 

as altitude acclimatization timelines, hydration requirements, 

cardiovascular load tolerance, and fatigue progression, they are better 

equipped to design itineraries that align with participant capacity rather 

than commercial pressure. For instance, rafting operators may structure 

activities to include scheduled rewarming periods during cold-water 

exposure, while climbing instructors may dynamically adjust route 

difficulty or rest intervals based on observable fatigue and performance 

decline. Sky running event organizers increasingly rely on altitude 

profiles, aid stations, and weather monitoring systems to regulate 

physiological strain across race stages (Casolo et al., 2020). 

Integrating physiological considerations into organizational risk 

assessment frameworks represents a critical advancement beyond 

traditional hazard-focused approaches. Conventional risk assessments 

in adventure tourism often prioritize environmental features such as 

river hydraulics, weather conditions, or terrain instability. While these 

elements are undeniably important, they do not fully account for how 

individual physiological variability interacts with environmental 

hazards. A more comprehensive model incorporates participant 

profiling, including fitness level, acclimatization history, heat 

tolerance, hydration habits, and susceptibility to stress or anxiety. This 

integrated perspective allows guides and managers to anticipate which 

participants are likely to fatigue first, experience altitude-related illness, 

or exhibit impaired judgment, thereby enabling proactive intervention 

rather than reactive crisis management (Page et al., 2005). 

Technology increasingly functions as a bridge between physiological 

monitoring and organizational decision-making. Advances in wearable 

sensors, including heart rate monitors, oxygen saturation devices, 
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hydration sensors, and GPS-based movement tracking, provide real-

time data on participant status. When embedded within organizational 

protocols, these technologies enhance situational awareness and 

support evidence-based decisions. Early indicators of overheating, 

oxygen desaturation, or abnormal fatigue patterns can prompt guided 

rest periods, route modification, or descent before conditions escalate 

into medical emergencies. However, technological integration is 

effective only when supported by organizational policies governing 

data interpretation, communication pathways, and emergency response 

thresholds (Buckley, 2018). 

Effective integration of physiological and organizational systems also 

depends on communication and interdisciplinary collaboration. 

Physiologists, sport scientists, tourism managers, guides, and 

environmental authorities must collaborate to develop evidence-based 

guidelines for tour duration, environmental exposure limits, group size, 

pacing strategies, and guide-to-participant ratios. Such collaboration 

ensures that organizational decisions reflect current scientific 

understanding rather than tradition or anecdotal experience. 

Furthermore, participant education programs serve as a critical 

extension of this integration by teaching adventure tourists how to 

recognize early physiological warning signs such as dehydration, 

hypothermia, altitude sickness, or cognitive fatigue, thereby promoting 

shared responsibility for safety (Attarian, 2018). 

At the organizational level, integrating physiological knowledge 

contributes to stronger safety cultures and more resilient operational 

systems. Organizations that value physiological limits alongside 

experiential quality are more likely to support conservative decision-

making, activity modification, or cancellation when conditions exceed 

safe thresholds. This alignment reduces pressure on guides to prioritize 

commercial objectives over participant well-being and reinforces a 

safety-first organizational ethos (Reason, 2000). In contrast, failure to 

integrate physiological understanding into organizational planning 

often results in preventable accidents driven by cumulative fatigue, 

misjudged capacity, or delayed response to warning signs. 
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Ultimately, the integration of physiological determinants and 

organizational systems creates a holistic safety framework in extreme 

sport tourism. Physiological data inform individual risk thresholds, 

while organizational structures translate these thresholds into 

operational protocols, training standards, and emergency response 

mechanisms. When these domains function synergistically, extreme 

sport tourism becomes more predictable, adaptive, and aligned with 

human capabilities. This integrated approach not only enhances 

participant safety but also supports sustainable destination 

management, professional credibility, and long-term industry 

resilience. By embedding physiological insight within organizational 

practice, extreme sport tourism can evolve toward safer, more 

responsible, and more scientifically informed models of adventure 

experience delivery. 

 

Table 3. Integrated Physiology–Management Framework for Safety in 

Extreme Sport Tourism 

Integrated 

Domain 

Physiological 

Component 

Organizational 

Requirement 
Safety Outcome 

Exertion & 

Workload 

Cardiovascular and 

muscular strain 

Activity pacing, route 

difficulty adjustments 

Reduced acute 

overload 

Environmental 

Stress 

Hypoxia, heat, cold, 

dehydration 

Environmental 

monitoring, 

scheduled breaks 

Prevention of 

AMS, heat injury, 

hypothermia 

Motor 

Coordination 

Neuromuscular 

fatigue 

Equipment checks, 

technical guidance 

Fewer falls or 

coordination-

related accidents 
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Cognitive 

Function 

Neuroendocrine 

stress, decision 

fatigue 

Clear 

communication, 

supportive leadership 

Improved 

decision-making 

under stress 

Individual 

Variability 

Fitness, health status, 

psychological 

readiness 

Screening, group 

assignment, tailored 

instructions 

Better participant–

task matching 

 

Integrated framework combining physiological and organizational 

safety determinants, highlighting how physical stressors and 

management systems interact to produce safe or unsafe outcomes in 

adventure tourism contexts (Table 3). 

 

 

 

 
Figure 3. Conceptual model illustrating the integration between 

physiological factors and organizational management systems in 

extreme sport tourism. 
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This figure presents a synthesized conceptual model demonstrating how 

physiological and organizational systems are interconnected in 

determining safety outcomes in extreme sport tourism. On the left side, 

key physiological factors—including cardiovascular strain, respiratory 

and hypoxic stress, thermoregulatory demands, neuromuscular fatigue, 

and neuroendocrine stress responses—represent the physical challenges 

that participants face during demanding activities such as rafting, 

climbing, sky running, and canyoning. On the right side, organizational 

management systems—such as risk assessment procedures, guide 

competence, safety protocols, equipment standards, communication 

systems, and emergency planning—illustrate the structural and 

operational mechanisms that tourism operators use to manage 

environmental hazards and participant risks. 

The central “Interrelationship” zone emphasizes the bidirectional 

influence between human physiological limits and organizational 

decision-making. Physiological stress can inform operational 

adjustments (e.g., pacing, route modification, rest intervals), while 

organizational systems can reduce or intensify physiological load 

depending on planning quality and safety culture. At the bottom of the 

model, “Safety Outcomes” represent the final result of this integrated 

interplay, demonstrating that safe adventure tourism requires 

coordinated alignment between the body’s adaptive capabilities and 

organizational strategies. 

 

Challenges and Limitations 

Despite the growing scholarly and practical attention devoted to safety 

in extreme sport tourism, substantial challenges and limitations persist 

at both physiological and organizational levels. These constraints 

complicate risk prediction, hinder the development of robust evidence-

based safety frameworks, and limit the transferability of research 

findings across diverse adventure tourism contexts. The inherent 

complexity of natural environments, combined with human variability 
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and institutional inconsistencies, continues to pose significant obstacles 

to comprehensive safety management. 

One of the most fundamental challenges arises from the high variability 

and unpredictability of natural environments in which extreme sport 

tourism occurs. Rivers, mountains, canyons, and remote wilderness 

areas are subject to rapid and often unpredictable changes in weather 

conditions, water flow, terrain stability, and seasonal patterns. Such 

variability makes it difficult to establish standardized physiological 

thresholds for safe exposure related to temperature, altitude, workload, 

or hydration requirements. Consequently, physiological responses 

observed under controlled laboratory or simulated conditions may not 

accurately reflect real-world stress responses experienced during 

adventure tourism activities (Buckley, 2018). This ecological gap limits 

the external validity of laboratory-based physiological research and 

complicates its application in operational decision-making. 

A further limitation concerns the pronounced heterogeneity of 

adventure tourism participants. Individuals differ substantially in age, 

fitness level, technical skill, acclimatization history, psychological 

resilience, and underlying health conditions. These differences 

significantly influence tolerance to cardiovascular strain, hypoxia, 

thermal stress, fatigue, and cognitive load (Burtscher, 2004). However, 

organizational screening practices frequently rely on self-reported 

health questionnaires or rudimentary assessments that may fail to detect 

latent vulnerabilities. This mismatch between actual physiological 

capacity and activity demands increases the risk of overload, panic, or 

delayed recognition of medical emergencies, particularly in high-risk 

environments. 

From an organizational and regulatory perspective, inconsistent 

governance structures and uneven guide training standards remain a 

critical challenge. While some destinations enforce comprehensive 

certification systems and strict operational guidelines, others operate 

under fragmented or minimal regulatory oversight. Such disparities 

contribute to uneven safety cultures, inconsistent emergency 

preparedness, and variable risk communication practices across regions 
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(Bentley & Page, 2008). In destinations where tourism development 

outpaces regulatory capacity, inexperienced operators may enter the 

market without adequate training, supervision, or infrastructure, 

thereby increasing the likelihood of accidents and undermining 

destination credibility. 

Technological limitations further complicate safety management in 

extreme sport tourism. Although wearable sensors, GPS tracking, and 

environmental monitoring devices offer significant potential for 

enhancing situational awareness, their effectiveness is constrained by 

data reliability, battery life, connectivity limitations, and user 

proficiency in remote or extreme settings. Moreover, overreliance on 

technological solutions without sufficient human judgment and 

contextual interpretation may generate a false sense of security and 

delay critical decision-making (Buckley, 2018). Technology therefore 

cannot substitute for skilled guides, robust organizational systems, and 

adaptive leadership. 

Research-related limitations also restrict progress in this field. Existing 

literature is dominated by laboratory-based physiological studies, 

descriptive accident analyses, or economic evaluations of adventure 

tourism development. Integrated research that combines real-time 

physiological monitoring with organizational decision-making 

processes remains scarce. Furthermore, longitudinal studies examining 

long-term physiological adaptation, cumulative fatigue, and chronic 

health outcomes among professional guides or frequent participants are 

limited. This gap constrains understanding of sustained exposure to 

extreme environments and its implications for workforce health and 

safety (Page et al., 2005). 

Broader environmental and systemic pressures further exacerbate these 

challenges. Climate change, environmental degradation, and increasing 

visitor numbers are intensifying risks across many adventure tourism 

destinations. Altered weather patterns, increased frequency of extreme 

events, and ecosystem fragility complicate both safety management and 

conservation efforts. Balancing ecological sustainability with 

participant safety and commercial viability presents an increasingly 
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complex managerial challenge for destination authorities and operators 

alike (Buckley, 2018). 

In summary, the challenges and limitations facing extreme sport 

tourism safety reflect the interaction of environmental unpredictability, 

human variability, institutional inconsistency, technological 

constraints, and research gaps. Addressing these challenges requires 

more integrated, field-based, and multidisciplinary approaches that 

bridge physiology, organizational management, environmental science, 

and technology. Advancing safety in extreme sport tourism will depend 

on moving beyond fragmented perspectives toward holistic frameworks 

capable of accommodating real-world complexity and uncertainty. 

 

Discussion 

The purpose of this review was to synthesize and critically interpret 

existing evidence on the physiological and organizational determinants 

of safety in extreme sport tourism, with particular attention to rafting, 

climbing, sky running, and canyoning. The findings highlight that 

safety in these activities cannot be attributed to isolated physiological 

capacities or discrete management practices; rather, it emerges from the 

dynamic interaction between human biological limits, environmental 

uncertainty, and organizational decision-making systems. This 

discussion situates the reviewed evidence within the broader literature 

on adventure tourism, sport physiology, and risk management, and 

articulates its implications for theory, practice, and policy. 

A central contribution of this review is the reframing of safety in 

extreme sport tourism as a coupled physiological–organizational 

system. Prior research in adventure tourism has often conceptualized 

risk either as an environmental hazard (e.g., weather, terrain, water 

flow) or as an experiential component sought by participants (Cater, 

2006; Buckley, 2012). While these perspectives are valuable, they tend 

to underemphasize the biological constraints that shape participant 
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performance and decision-making under stress. Conversely, sport 

physiology research has extensively documented cardiovascular strain, 

hypoxia, thermoregulatory stress, and fatigue but has rarely examined 

how these responses are managed—or mismanaged—within tourism 

operations (Burtscher, 2004; Casolo et al., 2020). 

The present review demonstrates that physiological stressors and 

organizational systems are inseparable in practice. For example, 

cardiovascular overload or dehydration does not automatically result in 

an accident; rather, risk escalates when organizational systems fail to 

detect, accommodate, or respond to these physiological states. This 

finding aligns with systems-based safety theories, which argue that 

accidents typically arise from the interaction of multiple contributing 

factors rather than from single-point failures (Reason, 2000). In extreme 

sport tourism, physiological limits represent latent conditions that 

become hazardous when combined with inadequate pacing, poor route 

design, insufficient rest, or delayed emergency response. 

The review confirms that cardiovascular strain, hypoxic stress, 

thermoregulation, hydration imbalance, neuromuscular fatigue, and 

neuroendocrine responses are the primary physiological determinants 

influencing safety across extreme sport tourism activities. These 

findings are consistent with prior work in endurance and outdoor sports 

but gain new significance when interpreted through a tourism safety 

lens. 

Cardiovascular and respiratory stress emerge as particularly salient in 

sky running and alpine climbing, where hypoxia amplifies exertional 

load and accelerates fatigue (Burtscher, 2004). Importantly, the 

reviewed literature suggests that many incidents attributed to “poor 

judgment” may, in fact, reflect physiological impairment of cognitive 

function under hypoxic or dehydrated states. This interpretation 

challenges the tendency within adventure tourism management to 
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attribute accidents solely to participant error or risk-taking disposition 

(Dickson & Huyton, 2008). 

Thermoregulatory stress was identified as a cross-cutting risk factor 

across both cold-water (rafting, canyoning) and heat-exposed (sky 

running, desert climbing) environments. The literature consistently 

shows that even moderate deviations in core temperature can impair 

neuromuscular coordination and decision-making, thereby increasing 

accident probability (Taylor & Carter, 2019). These findings reinforce 

the need to treat thermoregulation not merely as a comfort issue but as 

a central safety variable. 

Neuromuscular fatigue and neuroendocrine stress responses further 

complicate safety dynamics by degrading motor precision and 

executive control. Studies on climbing and trail running indicate that 

fatigue-related missteps and grip failure are among the most common 

proximal causes of injury (Schoffl et al., 2010; Casolo et al., 2020). 

When combined with elevated cortisol and adrenaline levels, fatigue 

may promote impulsive or overly conservative decisions, both of which 

can be hazardous depending on context (Swann et al., 2018). 

While physiological determinants define the boundaries of human 

capability, organizational determinants determine how close 

participants operate to those boundaries. One of the most important 

insights from this review is that organizational systems function as risk 

modulators, either buffering or amplifying physiological stress. 

Effective safety management systems, including dynamic risk 

assessment, guide supervision, and emergency preparedness, were 

consistently associated with reduced accident severity and improved 

outcomes when incidents occurred (Page et al., 2005; Bentley & Page, 

2008). These findings support the argument that safety in extreme sport 

tourism is less about eliminating risk—which is neither feasible nor 

desirable—and more about managing exposure within acceptable 

limits. 
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Guide competence emerged as a particularly influential organizational 

factor. The literature suggests that experienced guides implicitly 

monitor physiological cues such as breathing patterns, coordination, 

pacing, and behavioral changes, even when formal physiological data 

are unavailable (Furman & Sibthorp, 2013). This tacit knowledge 

complements technological monitoring and highlights the importance 

of experiential learning and professional judgment. In contrast, poorly 

trained or inexperienced guides may misinterpret signs of fatigue or 

stress, leading to delayed intervention and escalation of risk. 

Organizational safety culture further shapes how physiological 

information is acted upon. Companies that prioritize commercial 

throughput over safety may discourage conservative decision-making, 

such as activity modification or cancellation, even when participants 

show signs of physiological distress. This finding aligns with broader 

safety literature emphasizing the role of leadership and organizational 

values in shaping risk outcomes (Reason, 2000). 

The review underscores the growing role of wearable technology and 

environmental monitoring in bridging physiological data and 

organizational decision-making. Heart rate monitors, GPS tracking, 

oxygen saturation sensors, and weather alerts offer unprecedented 

opportunities for real-time risk assessment. When integrated into 

organizational protocols, these tools can support earlier detection of 

physiological overload and more timely intervention (Buckley, 2018). 

However, the discussion also highlights important limitations. 

Technological data are only as useful as the organizational systems 

interpreting them. Overreliance on devices without adequate training or 

contextual understanding may generate false reassurance or delay 

critical judgment. This finding echoes concerns in other high-risk 

domains, such as aviation and healthcare, where technology can both 

enhance and undermine safety depending on how it is embedded within 

organizational practice (Reason, 2000). 
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Future safety strategies should therefore emphasize technology as a 

decision-support tool rather than a decision-making substitute. Training 

programs that integrate physiological literacy with technological 

interpretation may be particularly effective in enhancing guide 

competence. 

From a theoretical perspective, this review contributes to adventure 

tourism scholarship by advancing an integrative safety framework that 

combines physiological and organizational dimensions. Existing 

tourism theories often emphasize motivation, experience, and risk 

perception (Cater, 2006; Rickly, 2017), while safety research has 

focused primarily on incident analysis. By contrast, the present 

synthesis positions safety as an emergent property of interacting 

systems, aligning adventure tourism research with contemporary 

systems theory and human factors models. 

This perspective also challenges dichotomous views of risk as either 

objectively dangerous or subjectively constructed. Physiological limits 

represent objective constraints, but how close participants approach 

those limits is shaped by organizational design, leadership, and culture. 

Integrating these dimensions offers a more nuanced and operationally 

relevant understanding of safety. 

 

 

Future Directions 

Future research and professional practice in extreme sport tourism must 

move toward more integrated, technology-enabled, and context-

sensitive frameworks to adequately address the complex interaction 

between physiological demands and organizational safety systems. As 

the global adventure tourism sector continues to expand in scale, 

diversity, and geographic reach, traditional safety models based on 

isolated physiological metrics or static managerial protocols are 
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increasingly insufficient. Instead, future directions should emphasize 

ecological validity, interdisciplinary collaboration, and adaptive 

governance. 

A primary research priority is the expansion of real-world, field-based 

investigations that capture physiological responses under authentic 

adventure tourism conditions. Much of the existing evidence base 

derives from laboratory simulations or controlled experimental designs 

that cannot fully replicate environmental volatility, terrain instability, 

rapid weather transitions, or psychological stress experienced in natural 

settings. Future studies should therefore incorporate continuous 

physiological monitoring using wearable technologies alongside 

environmental and contextual data collected during actual rafting, 

climbing, canyoning, and sky running activities. Such approaches 

would allow for more accurate modeling of fatigue accumulation, 

cardiovascular strain, thermoregulatory stress, hydration dynamics, and 

cognitive load across varying conditions and participant profiles. 

A second critical direction involves the development and international 

harmonization of safety standards, certification systems, and 

operational guidelines. Significant disparities currently exist across 

destinations with respect to guide training requirements, equipment 

standards, emergency preparedness, and regulatory enforcement. 

Greater alignment of certification frameworks and safety audits across 

regions would enhance professional accountability, reduce variability 

in safety culture, and strengthen destination credibility. Achieving this 

goal requires sustained collaboration among sport physiologists, 

tourism management scholars, risk analysts, policymakers, and industry 

stakeholders to translate scientific evidence into practicable and 

enforceable standards. 

Technological innovation represents a further opportunity for 

advancing safety, provided it is integrated thoughtfully within 

organizational systems. Emerging tools such as wearable biosensors, 

GPS-based hazard mapping, artificial intelligence–supported risk 
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prediction, and remote communication platforms offer the potential to 

detect early signs of physiological overload or environmental danger. 

However, future research must examine how these technologies can 

support, rather than replace, human judgment. Overdependence on 

digital systems without adequate training, interpretive frameworks, and 

redundancy may introduce new vulnerabilities. Accordingly, future 

work should focus on human–technology interaction, decision support 

design, and organizational readiness for technology adoption. 

Sustainability considerations must also be central to future safety 

strategies. Climate change, environmental degradation, water scarcity, 

and growing visitor pressure are reshaping adventure tourism 

landscapes worldwide. Altered hydrological regimes, increased 

frequency of extreme weather events, and ecosystem fragility intensify 

both environmental risk and physiological strain. Future research 

should therefore integrate safety management with environmental 

stewardship, exploring models that protect natural systems while 

maintaining safe and viable adventure tourism operations. 

Overall, the future of extreme sport tourism safety lies in long-term, 

collaborative, and multidisciplinary efforts that bridge physiology, 

organizational management, technological innovation, and 

environmental governance. Such integration is essential for developing 

adaptive safety frameworks capable of responding to increasing 

complexity and uncertainty. 

 

Conclusion 

Extreme sport tourism has emerged as one of the fastest-growing 

segments of the global tourism and outdoor recreation industry, offering 

participants distinctive physical challenges and immersive engagement 

with natural environments. However, the combination of high 

physiological stress, environmental unpredictability, and operational 

complexity renders safety a central concern for researchers, 

practitioners, and destination managers. This review demonstrates that 
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ensuring safety in extreme sport tourism requires a holistic approach 

that integrates physiological understanding with robust organizational 

systems. 

Physiological determinants—including cardiovascular strain, 

respiratory stress, thermoregulatory challenges, dehydration, 

neuromuscular fatigue, and neuroendocrine responses—define the 

limits of human adaptation in extreme environments. These factors 

influence performance capacity, cognitive function, and decision-

making, thereby shaping participants’ vulnerability to injury and 

accident. Understanding these physiological boundaries is essential for 

anticipating risk and designing adventure experiences that align with 

human capabilities rather than exceeding them. 

Equally critical are the organizational determinants of safety that 

govern how physiological risks are managed in practice. Guide 

competence, training and certification, equipment quality, structured 

risk assessment, emergency response capacity, communication 

systems, and destination-level governance collectively form the 

operational framework through which safety is either reinforced or 

compromised. Well-designed organizational systems translate 

physiological knowledge into concrete safety practices, reducing 

accident likelihood and severity. In contrast, inadequate training, 

inconsistent regulation, weak safety culture, or poor coordination can 

amplify physiological stressors and transform manageable challenges 

into critical incidents. 

The integration of physiological and organizational perspectives offers 

the most comprehensive and effective strategy for enhancing safety in 

extreme sport tourism. As this review highlights, real-world outcomes 

in rafting, climbing, sky running, canyoning, and related activities are 

determined not by isolated factors but by the interaction between 

individual physical limits and organizational decision-making. A 

multidisciplinary approach—drawing on exercise physiology, sport 

management, environmental science, and technology—provides the 
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strongest foundation for developing evidence-based safety protocols 

and resilient operational systems. 

Looking forward, greater emphasis on real-time physiological 

monitoring, standardized international certification, adaptive risk 

management, and sustainable destination governance will be essential 

for addressing current limitations. Meaningful progress will depend on 

collaboration among researchers, tour operators, policymakers, and 

local communities to create safety frameworks that accommodate 

human variability and environmental change. 

In conclusion, advancing safety in extreme sport tourism requires more 

than understanding the physiological challenges participants face; it 

demands strengthening the organizational structures that support them. 

By integrating these domains, the industry can promote safer, more 

enjoyable, and more sustainable adventure tourism experiences 

worldwide. 
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