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reversible, and then a change of basin simply because a strong-coupling allows a more 'soft' passage between

two basins.

Suppose that A (located in A basin/space) and B (located in B basin/space) are two different systems including a
crossing (a junction, an accident) from A to B with many elements in common. More the linkage (connection) is
strong between these two systems of different spaces, more the number of elements in common is great and less
passing (the bifurcation, the accident) from space A to space B to cause changes (of damage) due to a low
differentiation [12].

Conversely, more the bandwidth is low between two systems of two different spaces, more the number of
elements in common is low and more the bifurcation between space A and space B to cause changes (of
damage) due to a strong differentiation. A low connection would cause a catastrophic, irreversible, phenomenon

due to a forced passage into a space with that little "correspondence™ with the space of origin.

Figure 4: Linear representation of the accidental State due to migration by a system processes complex in a

given context. Adapted from [12].

It is possible to propose a cycle of evolution of a dynamical system (figure 37), such as a sociotechnical system,
taking into account disturbances and allowing it to maintain a state of balance despite fluctuations, or even

changes in attractors, through bifurcations.

This cycle is based on several theories: theory of systems and control, the chaos theory, complexity theory and

the theory of dissipative structures; It allows to lay the foundations of a model of chaotic accident.
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Figure 5: Response of a sync system Cycle. Adapted from [12].

By fluctuations, a system can be found in a state of balance stable, complex or chaotic. This evolution depends
on the level of control and synchronization. It is in a state of complexity if it can create new spaces and create
emergent properties (such as safety). Complexity results in a state change resulting from internal instability
and/or external action on the system. The dynamics of a complex system is therefore characterized by

trajectories sensitive to internal and external disturbances [3].

The fundamental objective of one such cycle is to avoid a 'chronic' desynchronization between a system and
environment, pushing the system to its limit of prediction/understanding (corresponding to a 'Lyapunov time'
positive and synonymous with impossible predictions and strong uncertainties [24]) and lay it, in the absence of

adequate controls, to a new space of attraction through an accident (see figure 4).

Therefore, socio-technical systems are inherently complex systems, in a state of unstable equilibrium, may
present a high level of safety. Indeed, the fact that a system is in an unstable equilibrium is not synonymous with

safety. Meanwhile, a purely technical system, may be in a state of stable, complex, or even chaotic state [14].

4. The phenomenon ‘Accident’ in a firefighting system

The concept of accidental state in a system was previously presented. This definition requires some amendments
in the case of a sociotechnical system since its relations are nonlinear [17, 18]. The accident is an irreversible
and unpredictable event due a lack of appropriate response, following a reorganization not controlled in a given
context and that can lead to damage and loss [12]. In other words, the accident is therefore a phenomenon of
collision, breaking symmetry, bifurcation or transition from one system to another, caused by a lack of adequate
response following a reorganization that is not controlled in a given space-time. The analogy is apparent
between these two definitions; however, it must not hide certain disparities. The first is that an accidental state

of a dynamic system can be integrated, a step, an event at the end of chain, a state of a system over time. This
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state is characterized in the spirit of individuals by the outcome of the occurrence of a risk — for example, a
terrorist attack (the risk) can cause casualties or damage. This state of degradation characterizes the 'image’ that
you can have of a situation resulting from the occurrence of a risk. As part of a "chaotic" accident vision, the
latter is no longer an end in itself or a state of the system at a given time, but a "symmetry breaking™ generating

its own arrow of time.

The chaotic accident can be defined as an irreversible (a change with its arrow of time) and unpredictable
phenomenon due to a loss of control of the system in a given space-time. The 'accidental phenomenon' is
spontaneous and realized that during a chaotic behavior of a dissipative structure of a sociotechnical system
(directly dependent on its structure) toward a 'new' asymmetrical system. This "passage" of a system S1 to S2
system translates the accident for which (D) damages and losses are different (S1 - S2). A priori, for damages
and losses, this difference remains always positive until the re-establishment of a state of equilibrium of the S2
system and can become negative as part of a process of return of experience or an organizational learning

approach.

Indeed, the goal of a return of experience is a structural reorganization to emerge, through adequate controls, a
synchronization of a sociotechnical system with its environment. Steady-state results from adequate controls in a
given space-time (figure 5). This time recovery and application of adequate controls corresponds to the notion of
‘crisis’ during which a (still fragile) dissipative structure takes into account the context and dispels new
appropriate information to the level of its structure to define adequate controls which will stabilize the structure
by evacuation of entropy. The ‘crisis' time is the time required for the structure to dissipate an updated flow
(information, material, energy) leading to equilibrium. During a ‘crisis', as long as the system does not find a

steady state, other accidents can occur.

The accident must be distinguished from a simple organizational change by the "unpredictable™ nature inherent

by nature. An organizational change in a sociotechnical system can be irreversible but remains predictable.

The accident can therefore be described as an event or an irreversible and unpredictable phenome-non, even as
an irreversible and unpredictable change of a sociotechnical system with regard to its environment, due to a lack

of appropriate response to the level of its structure.

It translates a bifurcation of a 'safe’ phase space to a new phase space (‘safe’ or 'un-safe’), inducing a symmetry
breaking. However, the accident phenomenon emerged spontaneously from a bifurcation, which must not be
seen as hopelessly leading to losses or damage but as force a response from the system in order to avoid any loss

or simply evolve or develop.

The accident, in chaos theory, should not be routinely seen in terms of loss or damage, but as a 'need’ for a
system to equilibrate and ending 'in tune' with its environment and through processes of self-organization to
maintain a state of equilibrium. It may seem original, even hazardous, to see the accident as a "need" but it is
also capital to remind that this need remains independent of any social desire and it is always irreversible and
unpredictable (Table 1).
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Table 1: Qualification of a phenomenon based on its characters of predictable and reversible. Adapted from

[12].
Phenomenom Irreversible Reversible
Unpredictible Accident Incident
Predictible Imperious Crisis

The dual character of irreversibility and unpredictability defines what an 'accident ' is: predictable phenomenon
and irreversible consequences that lead to a pressing and irresistible phenomenon that is defined as

imperious

. An ‘imperious’ phenomenon prevents any system to achieve its goal; the system is out of control,
resulting in damage and losses on its structure, preventing it from performing its function in a given space-time
frame. This type of phenomenon can lead either to a phenomenon called ‘crisis', or "accidents.” This dynamic is

due to the nonlinearity and unpredictability of a sociotechnical system.

Something unpredictable but whose consequences are reversible and do not lead to a loss of control is called
"incident". Therefore, the ability of a system to produce an appropriate response in a given space-time forms the
boundary between the reversibility and irreversibility of a phenomenon. The series of phenomena ‘accident’,
‘imperious’ and ‘crisis’ describes a space or an area of loss of control (a space out of control within the meaning

of the chaos theory) does not allow to maintain the safety and may prevent it from completing its objective.

The ‘incident' phenomenon is located in a space or a preservation area of control (controllable space within the
meaning of the chaos theory) for a continuation of the system under control to serve a purpose. It is possible to

define a control zone as a section of the space in which the system is "safe".

The accident phenomenon is a bifurcation leading a system to the confrontation with a reality requiring an
adapted answer to keep it under control. Any inadequate response leads to an ‘imperious’ phenomenon. A
sociotechnical system is then referred to as adaptive when it is able to integrate its dissipative structure level
through a new flow (information, energy or material) to provide an adequate response during an event towards

incident phenomena.

Over this qualification of different phenomena, it is interesting to note that an accident characterized a
bifurcation from one 'safe’ phase space to another due to a chaotic behavior. The ‘accident’ phenomenon is never
directly the source of damage and losses unlike an ‘imperious’ phenomenon. The accident considered change of
space highlights the need for the system to find a state of equilibrium in a given and sometimes turbulent space-

time by integrating within a dissipative structure a new stream allowing it to effectively discharge its entropy.

An incident response willing to deal with the ‘imperious’ phenomenon ought to be able to cross the border
between irreversibility and reversibility making it a complex adaptive system or not. In this perspective, the

‘accident’ phenomenon is never called "major" or "catastrophic" because the accident is only a breaking of
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symmetry. In this context it is the ‘imperious’ phenomenon that can be described as major or catastrophic.

The incident response whose structure is dissipative tries to maintain a “safe” space (or section) by releasing
entropy via rearranging. When a threshold is reached then a bifurcation takes place leading to a ‘imperious’ or
incidental phenomenon.

5. Conclusion

Taking into account chaos and accident as a “need” to stabilize a system can appears a bit hazardous. However,
being system-oriented does not mean to be human-centered. Can we accept to loss lives in order to save a

system or to save extra lives?

The aim of this article was to emphasize the role of space and time during an extreme event. Decision-makers
know that a disaster is a shrinking world and that they evolve within a spatiotemporal system. Space and time
are two interdependent variables and this article aims to describe that many phenomena can emerge due to an
interactive complexity.

The challenge and recommendation for decision-maker is to analyze a situation and to be able to know if an
event, due to its irreversible and unpredictable aspects, can be described as an accident, an incident, an

imperious event or a crisis.
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