With reference to Reason’s (1990) “Swiss cheese model” produce a portfolio that critically explores the systemic factors relevant to the 1999 Saxetenbach Canyon disaster.
Introduction
Canyoning is “the activity of travelling through canyons by a variety of means: scrambling, swimming, jumping, climbing, abseiling, and walking” (Oxford Reference, 2024). Ströhle et.al, (2019) furthers this, stating that “bouldering” and “sliding, jumping, or diving off cliffs or waterfalls” are also common features of the activity. The Adventure Activities Licencing Authority (2016) explains how canyoning is “usually wet” and “traditionally involves the descent of a steep water course and sometimes involves technical rope work”.	Comment by Dafydd Millns (2105094): Id sac off oxford. reference AALA 2016 "combined rock and water activities" instead or SOA (Swiss outdoor association" who are the swiss GB for canyoning
This report is going to offer a critical analysis of the Saxetenbach canyon disaster of 1999. Saxetenbach is a river near Interlaken in Switzerland that flows through a steep gorge near Interlaken, the “adventure capital of the world” (Baierlein, 2023). It will also provide a risk assessment for the canyon site.
Jenkins (1999) explained that at this time, only one other company used the site for canyoning. In an interview in with Mark Jenkins in 1999, the owner of Adventure World (AW), Georg Hoedle, described some of his company’s operating procedures, stating that:
“First, they (prospective guides) must have some background in river sports—usually kayaking or rafting. Second, they must take a one-week intensive course in Corsica, where they are trained in such areas as water dynamics, rescue, leadership, first aid, and rope handling. Third, they must make 20 to 50 trips down the Saxeten River as an assistant guide working with a more experienced guide.”
Hoedle went on to state that AW had guided “100000 people” down the canyon in the previous six years.
However, when Jenkins then interviewed an employee of AW, Alan Burt, the response seemed to contradict that of Hoedle. He said:

 “I call it the Lowering Loop Syndrome. In the beginning, very experienced guides, guides with ten years' experience, teach novice guides. Once the novices have two or three years' experience—and if the older guides have been pushed out—they teach the novices. Pretty soon, with more client pressure, you have guides with only one or two years of experience teaching novices”.
However, Burt conceded despite this damming account that “AW is, in fact, one of the safest operations in the business.”
It is important to take these statements with an air of criticality. These interviews were conducted at the height of the investigation following the disaster. However, the contrasting opinions of the owner and an experienced guide in Burt, who had 10 years canyoning experience. He had spent the previous five with AW. These contrasting opinions show that there was not a coherent, well-defined approach to when appointing guides and the subsequent assessment of their capabilities.	Comment by Dafydd Millns (2105094): Long sentence


The events

On the 27th of July 1999, 21 people died in the Saxetenbach canyon near Interlaken, Switzerland. Three of those that died were guides, and the rest were customers from two tour parties visiting Interlaken for a “kick of adrenalin” (Bechtel, 2019). There were 44 customers and eight guides in the canyon. There had been thunderstorms forecast higher in the valley for that day. Following devastating floods in the gorge in 1987, the local fire station was on high alert, posting a fireman at the entrance to the site warning guides not to enter. However, senior guides from AW arrived at the site and told their groups to enter the canyon (Baierlein, 2023). The other adventure company that used the canyon, Alpine Raft, turned back as they did not think that it was safe to enter the canyon (Head, 1999).
The AW groups entered the water at 4:30pm. A survivor explained that the clear water had risen and had turned brown shortly after entering (Baierlein, 2023). An hour into the activity, a wall of water came down the canyon. Some managed to escape to the sides, however two groups were caught in the steep section of the canyon where this was not an option and were washed away downstream (Brooks, 1999). In an eddy downstream, a guide that had managed to swim to safety was washed away trying to save a fourth person having already saved three others (Froelicher and Wienand, 2022).
Bodies were washed out into a lake further downstream.  A jogger saw strange shapes in the water. Realising that they were two dead bodies, he raised the alarm (Leland, 2010). Rescue teams swept the gorge after the alert, recovering 20 bodies over the next two days. One body was never recovered (Baierlein, 2023).

Swiss Cheese Model (SCM)

[bookmark: _Int_1wkMec1J]The SCM is a risk management strategy that can be implemented to reduce the likelihood of catastrophic incident in complex, diverse structures and mechanisms (Shabani, Jerie, and Shabani, 2023). It was first introduced in 1990 by James Reason, with its intended use being a framework for understanding errors and accidents in dangerous industries (Salmon et.al, 2009). This is a popular model which is used to create safety responses to disease epidemics, including the Covid 19 pandemic (Karanikas, 2022). Lieberman (2016) describes the model (appendix 1), stating that “in order to have a catastrophic error, the ‘holes’ in multiple “slices of cheese” must line up to allow the event to occur. Each slice of cheese is a line of defence and an opportunity to stop the error”. 
In outdoor and adventure contexts, Salmon et.al (2009) explain how the systemic inadequacies and unsafe practice on the ground can lead to accidents during sessions (see appendix 2). With regards to the Saxetenbach canyon disaster, there were both systemwide inadequacies and unsafe actions on the day. The ‘holes’ lined up on this occasion, as the layers of protection were not robust enough mitigate for the hazards present.
According to the version of the model presented by Salmon et.al (2009), the first layer of protection that can be scrutinised in the AW case study is the organisational structure. At the trial, it was found that the company had no written safety records at the time of the disaster (Bechtel, 2011; Kirby, 2001). Thomas and Raymond (1998) propose a “hierarchy of control” with regards to outdoor provider responsibility. They explain how all participants should “understand and follow known written procedures” and that this is a fundamental aspect of adventurous activity provision. This source shows that this was an advised practice before the disaster occurred in 1999, showing how negligence in the upper management structures created the first ‘hole’ in the layers of protection in the model. Not having a codified set of safety rules and procedures meant that the staff and participants could not access standardised, consistent safety messaging. It also means that operating procedures could be boundaryless, as safety rules delivered orally without written documents backing it up leaves much to personal interpretation.
This leads on to another layer of protection in the model. Again, this is at management level. The trial found that the ‘lower level’ guides were inexperienced and were not appropriately experienced to make decisions on the day, therefore removing all liability from them (Baierlein, 2023). Combining this with the exerts from Jenkins’ (1999) interviews, shows that the company were not employing suitable staff to be running canyoning trips. Furthering this, the senior guides were not able to make the informed decisions necessary to promote safety, and some of these were deemed liable by the courts at the trial (Baierlein, 2023). This demonstrates how the ‘hole’ created in the operating procedures is compounded by inexperienced staff, unable to the make sound, calculated and dynamic decisions required in the uncertain and changeable environments presented during canyoning activities (UK Canyoning Association, 2023). With more experienced staff working at AW, this layer of protection may have been enough to stop the session from going ahead, as they may have refused to take the group out, or identified the prevailing conditions when on the site and halted the activity (Garcia, 2021; Shooter, Sibthorp, and Gookin, 2010). Instead, inexperienced guides interpreted the conditions as being safe, and chose to go ahead with the activity.
Underpinning these two inadequate layers of protection is the lack of regulation in adventure provision in Switzerland at the time. Bechtel (2011) explains that in 2003, four years after the Saxetenbach disaster, the Swiss authorities brought the ‘Safety in Adventures’ mark, which was a voluntary code of practice that adventure providers could sign up to. However, many companies did not feel that gaining this certification would bring more custom, so few did the work to gain the certification (Baierlein, 2023). This demonstrates Swiss attitudes towards adventure provision. Baierlein (2023) describes how the consensus around adventure provision was that “adventure-seekers must accept the inherent risk of adventure sports” and that private enterprise was expected to regulate itself. This shows how AW were able to ‘get away’ with their mode of practice. The unlicenced, unregulated nature of the adventure sector shows how adventure providers were trusted to manage their own operating procedures and did not have a uniform code of conduct to adhere to.  This is a non-existent layer of protection within the model. Had the Swiss authorities had more stringent controls over the sector, this accident may not have occurred. This is a gaping ‘hole’ in the SCM, showing how there was no mitigation within the realms of safety and operating procedures from the Swiss authorities. This meant that companies were free to operate however they saw fit. As interviews with staff from AW attest, the company's principal aim was to maximise profits, and safety was a secondary consideration to that (Baierlein, 2023; Jenkins, 2021; Head, 1999). This ties the previous points together and offers further criticality, as even local, experienced Swiss guides may not have been operating within robust operating procedures, as no company was bound by overarching safety rules and regulation at this time (Bechtel, 2011).
The pressures of financial performance, inexperience, and little regulation led to another catastrophic failure which occurred on the day of the disaster. The AW senior guides arrived on site and told their guides to enter the canyon, despite a firefighter posted onsite telling people not to access it. The threat of flooding was not realised by the AW senior guides, and they did not heed the warnings, despite other companies turning back and cancelling their canyoning sessions (Baierlein, 2023). Furthermore, the extrinsic pressures of the AW operating model may also have come into play in the making of this decision. This introduces heuristic traps to the critical discussion. The senior guides appear to have fallen into the traps of “familiarity”, “commitment”, and “scarcity” (Ackerman, 2021). Firstly, it appears that the senior guides have arrived at the site with a pre-existing agenda. They were familiar with the canyon and decided that it looked safe and therefore instructed the other guides to continue with the session. However, as McCammon (2004) explains, this trap presents itself when the “hazard changes but the setting remains familiar”. The guides may also have felt that they needed to fulfil their ‘duty’ to the customers, who had paid for the experience. This is the “commitment” trap, where decisions that follow an initial decision are easier to implement that completely changing or reneguing on prior decisions which may let clients down. Whilst the consistency heuristic can be relied on, it can become a “trap when our desire to be consistent overrules critical new information about an impending hazard” (McCammon, 2004). The senior guides may have felt pressure to deliver, therefore cementing their decision to carry on as planned. Further pressures could have come as the onus of the company seemed to focus on maximising profit, may also have been a contributing factor to this decision. This feeds into the “scarcity” trap, where a person may feel under pressure to make decisions based on their fear of ‘losing out’, especially to a “competitor” (McCammon, 2004). Turning back may have led to the company missing out on business, and it may have slightly tarnished their reputation with future clients and tour operators, leading to less repeat custom, which shows how the senior guides may have viewed the opportunity as potentially ‘scarce’. Falling into these heuristic traps demonstrates a lack of competence amongst the senior guides. Instructing the other guides to continue shows that they have not dynamically assessed the weather conditions and the information presented by the fireman. Instead, they have chosen to overrule this, relying on their own judgements and unnecessarily risking the lives of the guides and customers. This shows poor decisions making, potentially owing to a high cognitive load and a lack of ‘soft skills’. The heuristic traps outlined here show how the senior guides, a layer of protection in the SCM, represent a metaphorical ‘hole’. They did not act responsibly and with the due diligence required to keep their customers safe.

This disaster could be better described using James Raffan’s ‘Lemon Theory’ (1987). As lemons line up to ‘pay out’ the jackpot on slot machines, in Raffan’s (1987) theory, the lemons line up to give a crisis, with the lemons personifying "ignored risks”. The SCM is used to describe processes where layers of protection have been put in place, but with each having a ‘hole’, as no singular control measure is impenetrable (Wiegmann et.al, 2022). However, AW do not appear to have put any meaningful ‘layers’ in place to prevent accident. They have instead added ‘layers’ which are seemingly profit-driven rather than safety-driven, and they seem to have ignored the risks, or lemons, that have come with this approach. Perpetually ignoring these risks, it could be argued, has led to the inevitability of a major incident. Raffan (1987) goes on to explain how “knowledge and skill”, and “preventative awareness” are the necessary components to avoiding critical incidents. AW appear to have put little emphasis on preventing disaster, and have not employed people with the relevant competence, knowledge, and skills to make the firm yet dynamic decisions needed when trusted to lead customers in dangerous environments. This offers a critical edge to the argument, showing how the Lemon Theory more accurately depicts the events of the disaster and could be used to better present the arguments.

Personal perspectives
This case study has given offered some opportunities for critical reflection on my own relationship with outdoor adventure. Firstly, I have been a participant in a similar setting to the case study on a holiday with friends in Italy in the autumn of 2023. Despite being an instructor in some outdoor activities, I did not think to check the weather reports or research the company that the group had booked to lead the activity, showing I had succumbed to my own heuristic trap, “expert halo” (McCammon, 2004).
This directly links to the case study, as AW continued trading, leading activities after the disaster until another tragic event in May the following year. Here, a client was killed on a bungee jump after an employee selected the wrong length rope. This closed the company down permanently (Maupin, 2000). Whilst it is unfair to suggest that there were other ‘near misses’ in between these two tragic events, the company was involved in two incidents which have led to deaths. This shows the slow nature of the investigation, and lack of action by the Swiss authorities (Bechtel, 2011), and the lack of media coverage outside of Switzerland, meaning that international customers were perhaps unaware of the company and their mistakes leading up to the Saxetenbach disaster (Baierlein, 2023). My lack of foresight in checking the details of the company I was using, and the prevailing weather conditions, meant that I and the group could have been ‘sleepwalking’ into a similar disaster. The guides could have been inexperienced and not checked the weather forecasts or conditions in the canyon and may not have had the adequate skills and local knowledge required to navigate the route safely. Worse still, the company may have been under investigation for negligence in a similar manner to AW. 
Whilst this didn’t happen, it is important that participants are aware of the activities they are signing up for. At the trial, it was stated that some of the group had “no idea” what they were about to do on the activity and what it entailed (Baierlein, 2023). It is important that participants are aware of the activity that they are taking part in and have control over their participation (Shooter, Sibthorp, and Gookin 2010). This is described by Chase (2014) as “challenge by choice”. This is important moving forward in the adventure sector as a practitioner. It is imperative that the participants are aware of what the leader or instructor is asking them to do, and the prerequisite skills needed to participate (Adventure Activities Licensing Authority, 2016). Failure to deliver this information can lead to physical and psychological harm (Wasley, 2023).

Concluding comments
This report has outlined the events of the Saxetenbach canyon disaster. It has offered researched information to support the firsthand accounts and news articles written at the time to offer a sound, reasoned, critical response to the disaster. The report has introduced the SCM, using this to add a theoretical standpoint to the build-up to the disaster. However, the report has highlighted how this may not be the most appropriate model to ‘make sense’ of the failures that led to the disaster. Instead, Raffan’s (1987) Lemon Theory appears to be more appropriate, owing to the “ignored risks”, rather than layers of protection. The disaster could have been averted had the lemons not ‘lined up’ on that day. However, the lemons were lying in wait for AW, and it is not unfair to deduce that a catastrophic event was likely to happen due to their lack of suitable employment strategy and lack of operating procedures. These are driven by greed rather than safe practice, which ultimately led to this disaster. This case study has changed my perspectives on outdoor adventure, and has shown the importance of competence when leading, and a critical approach when accessing adventure provision.

Risk Assessment for the canyoning activity at Saxetenbach

	Hazard
	Risk

	People at risk

	Likelihood
1-5
	Severity
1-5
	Size of risk

(Likelihood multiplied by Severity)
1-25
	Control measures

	Slips trips falls

	Broken bones

Sprains, 

Cuts, 

Bruises
	All
	3
	3
	9
	Full safety brief

Appropriate footwear such as trainers which enclose the toe

PPE for all participants; buoyancy aid, helmets, suitable footwear, wetsuit

	Being swept into objects by the current
	Broken bones

	All
	3
	4
	12
	PPE to be worn

Guides to position themselves appropriately to manage the hazard

Swimming techniques to be demonstrated with time to practice this at beginning of session

	Inappropriate jumping
	Broken bones

Sprains

Heavy impact with water
	All
	2
	4
	8
	Guide to assess group’s confidence and ability

Gradual increase in size and technical nature of the jump


	Site equipment failure (bolts in wall etc)
	Death
	All
	1
	5
	5
	All bolts to be regularly checked by a qualified person

Guides to be aware of the risk and what to look out for

	Abseiling injuries
	Entrapment Burns
Breaks
Cuts
	All
	2
	5
	10
	Clear brief before descent

Routes to be regularly inspected by guides

	Flash floods
	Death
	All
	2
	5
	10
	Weather check including previous 10 days to understand the likelihood of flooding

Sessions to be cancelled if flash floods are forecast

	Hypothermia
	Death
	All
	1
	5
	5
	Correctly sized wetsuits that do not expose too much skin or are too baggy and fill with excess water

	Rock falls
	Trauma
Death
Broken bones
	All
	2
	5
	10
	Appropriate PPE. Helmets to be in date and batch tested

	Drowning
	Death
	All
	2
	5
	
	PPE to be correctly fitted to reduce risk of drowning

Guides to pick suitable routes and avoid obstacles as necessary based on group performance
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Apendix 1
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This is the model. The line shows a hazard which has made it through the ‘layers of protection’ (roundupreads.jsc.nasa.gov/, 2018)













Appendix 2
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Here, Salmon et.al (2009) introduce a more substantial model that fits in with adventurous educational experiences. This annotated model shows how organisations failures are the first broken line of defence, and from there, the hazards are needed to be dealt with by the supervisors. The ability of the supervisors to manage their cognitive load and protect the clients is the next layer. If this is broken, then the environmental factors are the next layer of protection. This is unpredictable and cannot be relied upon, and there is very little human control over these factors. This directly related to this case study. There is very little the lower-level guides could do to mitigate the environmental factors at play. On this occastion, the environmental conditions were against the group. Relating this back to the model, the hazard was able to ‘pass through’ the layers of protection, meaning that the group was exposed to very dangerous conditions.
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Figure 3-2. HFACS mapped onto Reason’s Swiss Cheese model.

Each of the failure categories presented in Figure 3-2 has an associated external error mode
taxonomy. For example, the external error mode taxonomies for the errors and violations
failure categories are presented in Table 3-1.
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