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Abstract

As a starting point, the history of accident investigation in the transport field is shortly outlined, especially focusing on the development of the precaution principle and the new safety design principles. The separation between juridical inquiries and accident investigation is highlighted with the aviation sector as example.

The main part focuses on several major accidents in The Netherlands and Scandinavia that have occurred in the public sector, aviation, maritime shipping and railways, and the role and performance of rescue and emergency organisations in dealing with their consequences. Such an expansion of scope is in line with international developments in Europe as well as in other world regions, where the concept of independent accident investigations has become ‘’A Citizens Right and Society’s Duty’’. 

Finally, the contribution draws some lessons learned from these accidents and extrapolates some of the findings towards a systems level of performance with respect to rescue and emergency management. The distinctive features characterizing victims’ organisations today are described.

History in accident investigation

The development of the precaution principle

Investigating major accidents has a long history in the transport sector. In the maritime sector, the inquiry into the cause of naval disaster has a long tradition in the commercial international sea trade.  Already in the middle of the 19th century, major accidents in the railways were investigated to determine the cause of the accident in order to take appropriate measures. From the beginning of aviation, investigating accidents has been a part of the professional learning in the sector, while the automotive industry has paid attention to technical improvement of the vehicles by investigating accidents. Such investigations have been quite different in nature, extend, focus and objectives (Roed-Larsen, Stoop & Funnemark 2005).

In some sectors, a strong relation exists with judicial inquiries into the legal and financial accountability and asserting blame. In other sectors, the potential learning from the findings in order to prevent recurrence has been dominant as a part of the precaution principle. This precaution principle facilitates technical designers to deal with failure of their designs by stating that: 

In order to protect the operators from threats of serious or irreversible damage, a timely response is required, while a lack of full scientific certainty shall not be used as a reason for postponing cost-effective measures to prevent further degradation.

The consequence of this precaution principle is that not only a timely control over the failure propagation is required in order to stop further damage, but also a comprehension of its nature, dynamics and origin is to be investigated in order to understand the failure mechanisms. In addition to technical and procedural precautionary measures, accident investigation became a common interest of all actors in the aviation sector in order to provide a timely understanding of failure (Stoop 2005).

In these days, the focus of the investigations was on professional learning and communication of accident findings and their subsequent recommendations within the sector. In order to provide a timely feedback of such learning to all stakeholders in the sector, investigations had to be separated from judicial procedures, which by nature, are very time consuming and focus on individual responsibility and liability. Consequently, a separation had to be created between judicial inquiries and technical investigations.

The split between juridical inquiries and accident investigation: The aviation as example

A first formal distinction between judicial and technical investigations was established in aviation in 1951 with the introduction of the ICAO Annex 13, an international recognized standard protocol for accident investigation in the International Civil Aviation Organisation (ICAO). In order to keep public faith in the transport sectors, a common process of learning without allocating blame was deemed necessary. Such learning was not restricted to the pre-crash phase of an accident indicating what caused the accident. Rescue and emergency functions have been under scrutiny as well, leading to insights into the propagation of an initial minor failure into disaster. Accident investigation in aviation has had a focus on all contributing factors before, during and after the events. As demonstrated by a limited number of showcases – such as the Tenerife and Mount Erebus air disasters - victim identification became an integral part of aviation accident investigation practices (Boersma 2003). 

Based on these first experiences with victim identification, a national Disaster Identification Team has been established which proved beneficial during later disasters. At the Martinair DC-10 crash at Faro, Portugal (54 fatalities) and the El-Al B747 crash into the Bijlmer near\Amsterdam (43 fatalities), eventually almost every victim was identified. During these air crashes, over 80 % of the identifications were successful due to ondontological examinations. At present, identification of victims has been tremendously improved by developing DNA identification techniques. Recently, this identification team has provided support in identifying victims of the tsunami in December 2004 in Asia.

In other sectors, such as railways and shipping, a relation with judicial inquiries sustained, based on the intention to take disciplinary action against train drivers or captains and other officers on board of a vessel. In the automotive industry, accident investigations focused on preventing material and physical damage in the framework of product liability and consumer protection.

New safety design principles as improvements of the overall safety performance

Such technical investigations have resulted in an unprecedented enhancement of the overall safety performance of the transportation industry. As a consequence of the technical investigations, a series of safety design principles have been developed, which have proven their validity across all modes of transportation. Based on a limited number of showcases in the aviation industry, such principles can be categorised in four domains (Boersma 2003):

· Failure prevention: in order to prevent failures in technical designs, failsafe and safe life principles have been introduced to prevent mechanical failure of components, amplified with the situation and mode awareness principle after the introduction of ICT applications, facilitating design strategies such as redundancy, robustness and reliability and implementing human behaviour aspects in the design

· Consequence reduction: in order to reduce the consequences of a failure, principles of graceful degradation, crash worthiness and damage tolerance were introduced amplified with principles of compartmentalizing and zoning with respect to spatial planning and system interactions with their environment

· Passenger protection: in order to enhance the survivability of an accident -under conditions of a compact or remote accident site - principles of self-relianceness and rescue and emergency were introduced, dealing with design strategies such as passenger protection, survival compartments and crash barriers for collision energy absorption.

· Victim support: in order to facilitate physical and mental care after a crash, medical support and trauma care has been introduced. Identification of victims, return of their remains to their country and family assistance to their relatives has become an issue in the mid seventies, supported by the development of medical forensic sciences. 

Victim care and family assistance

In dealing with major accidents, the issue of victim care and family assistance has developed in particular and initially in the USA and Europe, revealing a series of systemic deficiencies in the handling of these new issues.

In general, several trends have emerged:

· In the USA: victim support and family assistance in aviation

· In Europe: victim organisations with capsizing of ferries and road victims

· Outside the transport sector: disasters in Scandinavia and The Netherlands

Aviation victims

In the aftermath of a series of aviation crashes over the past decade in the USA, relatives of these victims felt neglected and even abused. Consequently, they have organized themselves in victim organisations, named after the flight number of their crash. Based on experiences with these deficiencies in victim support, the US congress has passed legislation in 1996 to provide support after air crashes. This task has been designated to the National Transportation Safety Board (NTSB), which to this purpose has organized an Office of Family Affairs. This office has extended its mission in 2002 to all modes and aspects in the aftermath of transport crashes, renaming the office to the Office of Transportation Disaster Assistance.

In addition to this governmental responsibility, several organisations have been established to support this development. In the USA victims of air disasters and their relatives have organized themselves in the National Air Disaster Alliance Foundation, while the Family Assistance Foundation (FAF) is a non-profit corporation representing a broad spectrum of people having a significant interest in and expertise regarding family assistance issues. In this FAF, airlines, mental health professionals, academics in disaster response and crisis management, survivors and family members have united. In Europe, more and more survivors of road and air crashes document their personal experiences of the crash and the aftermath in a book (Ten Hove 2005).  

On July 15th 1996, a C-130 Hercules military aircraft of the Belgian Airforce crashed during approach at Eindhoven airport in the Netherlands. The aircraft carried 37 members of a military brass band and 4 crewmembers. During the disaster, 34 were killed and 7 were severely injured. In the aftermath of the crash, 26 investigation reports have been written, leaving several questions unanswered. A continuous questioning of the course of the event emerged, focusing on the response by the rescue and emergency services and the division of responsibilities between the military and civil services involved. Based on the questions raised and to terminate the ongoing debate, the Parliament in The Netherlands decided to invite the Dutch Transport Safety Board to provide transparency on questions concerning the precise course of the event, the adequacy of the actual operational conduct of the rescue services and the conclusion of the national government that rescue operations could have started earlier (RvTV 2002).

In its findings, the Dutch TSB recommended the Ministry of Internal Affairs and Kingdom Relations to reconsider the fire fighting capacity with respect to the available resources, in particular the self-relianceness of the passengers, an improved assessment of international regulations to Dutch standards, the necessary harmonisation of responsibilities in aircraft fire fighting and improving an enhanced coordination and cooperation in enforcing existing regulations. The DTSB recommended the Ministry of Transport to reconsider the acceptability that military aircraft are used to transport passengers in peacetime, while they do not meet the safety standards of civil aircraft.

Maritime victims

In Europe, the capsizing of the Estonia passenger ferry has raised public concern on victim care and family assistance. In the capsizing of the Estonia on 27 September 1994, 852 out of the 989 people on board perished. One of the aftermaths of this tragedy was that a large number of passengers remained with the vessel once the rescue operations were terminated. Recovery of the bodies and the wreckage was excluded. To avoid diving and recovery of bodies and property, the government of Sweden, Finland and Estonia enacted a special Estonia Agreement in order to protect the wreck and surrounding area as a graveyard (Boesten 2005). Due to the fact that the Estonia had sunk in international waters, this agreement was not applicable to other nationalities. Consequently, Sweden decided - in conjunction with Finland and Estonia - to cover the entire wreckage with a concrete shield to protect the graveyard. This decision however, was taken without consulting the relatives and families of the victims. The organisation of survivors protested and commenced legal procedures. Their protest revealed major legal complications in the protection of shipwrecks because an international framework for such a protection as a graveyard proved to be lacking. Although an international panel found some guidance in international and national legal documents, little law proved to be directly pertaining to undersea human remains. Despite strong public interest in the issue, international agreements on the protection of the graveyard could not be reached. On the other hand, however, the agreement forbids the national signing states from diving to the wreck for any reason, including the option of a new investigation into the cause of the disaster. While the survivors and relatives remained unsatisfied with the result, no protection of the graveyard or clarification on the causation could be given.

In 1999, 69 people survived a maritime disaster on the Norwegian coast, during which 16 others died (Dyregrov and Gjestad 2003). The catamaran Sleipner struck a reef at high speed near Haugesund and sank within one hour. The rescue operations were conducted under very heavy weather conditions with strong winds and high waves. When the wind and waves took the vessel off the reef after 30 minutes, it sank quickly, leaving no room for a safe evacuation. During the operation, the crew was so preoccupied with communicating to rescue services, that only a few were able to help the passengers into their life vests. Many of the passengers suffered from hypothermia after their rescue and were taken to the hospital. The accident leads to an investigation into the safety at sea for passengers travelling along the coast of Norway. After the disaster, passengers received immediate psychosocial assistance and post-disaster intervention, including psychological debriefings after one week, follow-up debriefings a month later, screening of those in need of individual help and help for those returning to the scene of the disaster. Despite the fact that the life-threat in this disaster had been extreme, the results of the psychometric tests showed that a considerable number of survivors scored better than the average for extreme stress reactions. The structured and caring systems that was implemented to care for the victims, apparently contributed to their resilience.

Road victims

Due to the extent and severity of road accidents, the World Health Organization has recognized this issue as a public health concern on a global scale (WHO 2004). Without appropriate actions, by 2020, road traffic injuries are predicted to be the third leading contributor to the global burden of disease and injury.

Consequently, the WHO favours an approach based on all relevant scientific disciplines, researching the causes of road traffic crashes and injuries. In doing so, the WHO builds on Haddon’s insight in the ‘systems’ approach, seeking to identify and rectify the major sources of error or design weakness that contribute to fatal and severe injury crashes, as well as to mitigate the severity and consequences of injury. 

In Europe, over 20 road victim organizations in 13 countries have formed a federation, the FEVR, the European Federation of Road Traffic Victims. In order to come to terms with their suffering, road traffic victims and their relatives have expressed their needs to know what exactly happened. Their need to achieve transparency in the causation of the accident and the sequence of events, is stated a Citizens’ Right and Society’s Duty (Van Vollenhoven 2001). Independent investigations in road traffic accidents may provide such transparency, preventing further decline in quality of life and living standards of road crash victims and victim families (FEVR 1997). 

Across Europe, several transportation safety boards have committed themselves by their mission to investigate major road traffic accidents, such as in Sweden, Finland, Norway and the Netherlands.

Other sectors

On Saturday 13th May 2000, a massive firework explosion in the city of Enschede, The Netherlands, took 22 lives, among which 4 fire fighters. About 950 people were injured, among which several seriously. The disaster caused massive suffering among the population, while the material damage was enormous. Shortly after the explosion an independent commission was installed with the task to investigate the causes, the sequence of events, the rescue and emergency management dealing with the explosion and its direct consequences, as well as the organisation and first response into the care, provided to the victims. The commission dedicated a separate report to their last task; the investigation into the victim care and family assistance. The commission concluded that a first response in victim care was adequately organised, taking into account the extent of the disaster and the hectic situation. In a material sense, victim support functioned well, apart from issues such as registration, logistic and organisational issues taking into account the size of the affected population. In addition to this short-term material support, an information and advisory centre was established. In establishing such a centre, a new concept was introduced in providing support after a disaster. This centre had a threefold task: providing integrated practical information to the population, monitoring progress and support and knowledge centre for extracting learning to cope with future crisis situations. Over a period of about 6 months, this centre received about 6000 requests for support, varying from direct and material care issues, financial affairs to housing facilities. An evaluation of this centre indicated that – despite justified criticisms - establishing such a centre was overall beneficial to support the population in regaining control over their lives over a 6 months period in the aftermath of the explosion. In its final evaluation, the commission recommended to integrate such a centre in the disaster and emergency planning of the local authorities on a regular basis (COV 2001). 

The experiences with the centre could be applied on a very short notice, when a fire in a local disco in Volendam in The Netherlands killed 13 young visitors on New Years Eve 2000-2001. Based on this ad-hoc response to disasters, an Administrative Network for Crisis Management was established in The Netherlands to support local authorities in dealing with crises. The overall objectives were identified as how to deal with the press during a crisis, to collect, structure and to make expertise accessible, to provide direct support and reflection before, during and after a crisis and to support a safe haven for governmental officials in exchanging learning experiences. Another disco fire in Gothenburg, Sweden, 28th October 1998, caused 63 fatalities – 213 were injured. The disaster was investigated by several official bodies, among others the Gothenburg Police Department and the Fire Brigade in Gothenburg.

On 27th March 1980, the accommodation semi submersible rig Alexander L. Kielland collapsed in the North Sea. A few years later, on 6th July 1988, the production platform Piper Alpha exploded and was destroyed by fire. Together these two accidents caused almost 300 fatalities, 80 injuries and several hundred million EUROs worth of damage (Roed-Larsen, Stoop, Funnemark 2005). These major offshore accidents were investigated in two different ways: In Norway, the Norwegian Government appointed an independent, ad hoc Accident Investigation Commission 28th March 1980, the day after the Alexander L. Kielland disaster. The report, which was delivered in March 1981, proposed several recommendations as future preventive, safety measures. In UK, a public inquiry into the Piper Alpha disaster was ordered, led by Lord Cullen, who presented his report in October 1990. In both accidents, survivors and the bereaved organised special groups –Kielland Fondet in Norway (Ramsli Fiskerstrand 2002) and Piper Disaster Group in UK. The key persons in the Norwegian Kielland Fondet have later played important roles in imparting experiences and giving advices to other accident self help groups in Norway, such as the Scandinavian Star Group (1990), the Sleipner Group (1999) and the Aasta Rail Accident Group (2000). The Piper Disaster Group became later a part of the Disaster Action coalition (1991) in UK. 

Emerging trends

Over the past decades, several trends in dealing with the consequences of major accident and disasters can be recognized:

1. Initially, the focus in accident investigation has been on the technical aspect of systems failure. Victims, their injuries and other relevant accident information have been applied to develop principles for enhanced survivability of accidents, such as crash-worthiness, self-relianceness and damage control. Little attention has been dedicated to the physical and mental suffering of the victims themselves. Gradually, identification of victims, the treatment of their remains, the grievance process of their relatives, memorial sites, acknowledgement of their final resting place as a graveyard site have become issues. In addition, the attention towards victims has been expanded from a first response in order to ease the physical suffering towards support in their mental suffering and mental health care and trauma relief on the long term. 

2. Investigations in accidents and disasters have expanded their focus from identifying the causes of an accident before the event, towards the reconstruction of the full sequence of events contributing to the survivability, resilience and mitigation of consequences during and after the event. In the ongoing debate about rescue and emergency responsibilities after the Hercules C-130 crash, the DTSB was invited to act as an independent referee in order to settle the debates. Such a role as independent referee has also been the case with the National Transportation Safety Board in the USA in its involvement in investigating the Challenger and Columbia space shuttle disasters. Transport Safety Boards may take up this role as independent safety assessor more frequently in the near future and expand their competences outside the transportation industry. Eventually, such a role of independent safety assessor may lead to multi-sectorial safety investigation boards for all sectors in society. Such multi-sectorial boards already exist in Sweden, Finland and The Netherlands.

3. In investigating major events and disasters, the focus of safety investigation boards broadens also towards all levels of the socio-technical system. Traditionally, safety boards have focused on the operational level of performance. Today, their focus covers all levels, including national and even international legislation, regulations and agreements, in particular the compliance at the organisational and institutional levels. In broadening their attention, safety boards also cover the conduct and performance of rescue and emergency services in relation to the support of victims and their relatives. Broadening the concept has added a component to learning process in accident investigations. Initially, the focus in learning was on the accumulation of professional expertise within a sector in comprehending the accident sequence, conditions and mechanisms. Today, a societal learning has been added in dealing with risk perception and acceptance from a societal point of view. A timely transparency of the actual functioning of the system is required in order to maintain public confidence in the professional performance of the sector.

4. Victim care and family assistance is becoming an established right of citizens. As early as in the 19th century, in the USA, Lorenzo Coffin advocated the interests of victims in the railway sector, followed by Ralph Nader in the automobile industry and Mary Schiavo in aviation in the middle of the 20th century. In Europe, victims of road accidents and maritime disaster in particular have taken up this advocating role, supported by the acceptance of the Van Vollenhoven doctrine that Independent Investigation is a Citizen’s Right and Society’s Duty (Van Vollenhoven 2003). Accidents are not to be considered an unwanted and unforeseeable by-product of the transportation industry in terms of ‘loss control’. Accidents should be considered a national health problem, in which accidents are a special type of ‘disease’ or even epidemic, causing physical and metal trauma, disability and loss of life expectancy (De Kroes 1994). Such an epidemic does not only affect the transport victims themselves, but also affects their family, relatives, and last but not least, rescue and emergency workers, police officers and paramedics who come to their rescue. Finally, the European Commission has recognized the interests of transport victims by incorporating their interest in the spectrum of consumer and passenger rights. Passengers have rights, not only before, but also during and after the accident.

Conclusion

Transport accidents have major consequences, either as a single event with large numbers of casualties and a major societal impact or as an accumulation of large numbers of small accidents, in which not only the victims themselves, but their social environment and life time expectancy is seriously deteriorated. In time, the focus has shifted from a direct and physical preoccupancy with prevention towards also indirect and long-term effect with psychological and social components. The conduct of rescue and emergency has become a systems performance indicator; open to scrutiny, criticism and investigation. In such an integral systems perspective, accidents are not a by-product of the transport system, but redefined as a national health care or consumer protection issue. Simultaneously, a maturing process of victims themselves as primary actors in the system occurs, expressed by establishing victim organisations and the acceptance of the Van Vollenhoven doctrine that Independent Investigation is a Citizen’s Right and Society’s Duty. 

The phenomena of establishing a kind of support or self-help group among victims and the bereaved after major accidents have developed a lot during the latest 20-25 years. They are today often heterogeneous in functions, combining standard emotional support and empowerment assistance on an individual level with topic involvement, information transformation, network support, social companionship and e.g. event organisers. They function on a societal level as pressure groups, focusing on the need for higher safety standards and improved risk control, as well as a constant reminder of all the long-term needs on recovery and prevention.

The function of organising different support groups in new, national institutions has been important; they represent a kind of accumulated experiences and knowledge. Examples of such “umbrella” organisations are Disaster Action (UK, 1991) and Skagerrak (Norway, 2004). In the road sector, the European Federation of Road Traffic Victims, is another example but on regional level. We anticipate that there will be a substantial growth of such groups and organisations in the future, partly connected to a single disaster as a kind of self help group, a national umbrella organisation and partly as a more global interest institution.
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