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Abstract:

 The paper analyzes the concepts of uncertainty and surprise as key variables of a socio-ecological system’s behavior in the context of the theory of complexity. Experiences from the past have shown that living with uncertainty is part of our daily life and surprises are only surprising because our perspective of system trajectories is basically linear and non-dynamic. The future of humanity is dependent on the understanding of the system’s behavior and needs a change in perspective of linearity to non-linearity and from the planning imperative to a management hedging uncertainty and surprise. In the context of humanity’s future, the theory of complexity offers a new perspective on system trajectories and their understanding of surprises and uncertainty. There is a need for a Gestaltwechsel—a change in perception—which helps to see things differently and fosters the search for new answers to emerging questions at the human-nature interface. Drawing on the case study of hazard management the paper will explain the necessity of analysis system’s behavior and the taking into account of multi-agent behavior on the micro level which led to emergent behavior on the macro-level of the system. Regional geohazards are explained as the regional impact of an uncontrolled risk based on a state of a natural feature that has a direct impact on a regional population being affected by the appearance of a hazard and its development into damage. By acting in space, time and connectivity, people construct hazardscapes and change risk into regional geohazards. This concept shows relevance for future mitigation and adaptation measures. The theory of complexity can help in engendering the necessary shift in perspective. What is non-linear dynamic thinking as suggested by the theory of complexity? Why is the consideration of the system’s behavior crucial and not just the number of system’s elements? What is the role of agents in these systems? In addition, there are practical implications too: What does this shift in perspective mean for future hazard management and the future of humanity?
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“There are known knowns.

These are things we know that we know.

There are known unknowns.

That is to say, there are things that we know we don't know.

But there are also unknown unknowns.

There are things we don't know we don't know.”

Former US Defense Secretary Donald Rumsfeld,

12 February 2002 in a press briefing




1. Introduction

On 12 January 2010, a serious earthquake measuring 7.0 on the Richter scale destroyed the southern part of Haiti including the capital, Port-au-Prince. An estimated 300,000 people died, another 300,000 were injured and up to 1.2 million were left homeless. Did this come as a surprise? Not to those familiar with the geology and plate tectonics of the northern Caribbean. Statistically speaking, and looking back over history, an earthquake had long been overdue. After being shaken by serious earthquakes in 1618, 1673, 1684, 1761, 1770, 1860 and 1946 the question was not if but when. When would the Haitian people once again be exposed to this type of natural disaster?

From geology’s perspective, Haiti can be described as a high-risk space since earthquakes as well as hurricanes and landslides form part of the natural system’s trajectory. The island is a geohazardous area. However, the physical world, along with the biological and social worlds that populate it, is only inadequately described by this. Each of these worlds represents highly contingent, emergent complex systems, which interact at different temporal and spatial scales. Understanding the characteristics of these systems requires an expansion of our idea of science, recognizing that good scientific practice reaches beyond the Newtonian paradigm characterized by a stable world of laws that can be described by linear relations of cause and effect. The complexity paradigm particularly applies to the role of context in shaping natural and social phenomena, which is essential for understanding the complex behavior of non-linear dynamic systems. Surprise and uncertainty, both of which are intrinsic to complex system behavior, represent mental constructs, and although they are linked to natural conditions, they are equally embedded in the experiences and cognitive processes of a particular society. The frequency and intensity of a disaster is a constituting element of social memory and shapes how society conceives of the space it inhabits.

In this paper the concepts of uncertainty and surprise is analyzed in the context of the theory of complexity. Not that general forces of vulnerability—poverty, politics or economics—have no influence in the handling of natural and other disasters, but the focus of this paper simply tries to move the focus from current scientific understanding towards an in-depth analysis of the system’s behavior. The theory of complexity offers a new perspective on system trajectories and their understanding for the future of humanity. I intend to show that living with uncertainty is part of our daily life and that surprises are only surprising because our perspective on system trajectories is basically linear and non-dynamic. We need a Gestaltwechsel—a change in perception—which helps us to see things differently and fosters the search for new answers to emerging questions at the human-nature interface. “It means that conditions often relegated to the status of ‘accidents’ or ‘boundary conditions’ in the old paradigm must be elevated to the subject of scientific study in their own right. Historical contingency conspires with episodes of randomness to create the actual forms and behaviors that populate the social world” ([1], p. 4).

The theory of complexity can help in engendering this necessary shift in perspective. What is non-linear, dynamic thinking as suggested by the theory of complexity? Why is it that the behavior of a system is crucial and not just the number of system elements? What is the role of agents in these systems? There are practical implications too: What does this shift in perspective mean for hazard management?



2. The Theory of Complexity

The term “complex” is used in many different ways and encompasses a great variety of phenomena. In everyday language “complex” has become another way of saying “complicated”, although the following will show that complex is not the superlative of complicated [2]. Complexity, complex and complex systems are also widely used within the scientific community. Here too, uncritical use of the terms and the lack of a distinct and unambiguous definition carry the danger of turning them into empty phrases.

The theory of complexity is a clear-cut concept. Rooted in chaos theory, it provides a perspective on system behavior, portraying them as non-predictable and non-mechanistic, full of surprises and constantly evolving. Theories on “complex systems” attempt to explain how relationships between system components give rise to patterns of collective behavior that define the properties of the “whole system”, which interacts and forms relationships with its environment. Complexity theory can provide a constructive and innovative perspective on non-linear dynamic system behavior.

Complexity theory holds that the trajectories of non-linear dynamic systems are determined by the fact that single agent interaction at the micro level can lead to emergence at a macro level. These trajectories are full of jumps and bifurcation points: Forks in the road where the system could take an entirely different path but does not necessarily do so. Trajectories also have no clear cause-and-effects. An essential characteristic of non-linear dynamic systems is thus that surprise forms an inherent feature of their development.


2.1. Structural Versus Behavioral Complexity

The unpredictable outcome of a system’s development is not only down to the interaction of many different individual elements, which may give rise to complex structures. A fundamental aspect in the complexity view of systems is the distinction between structural and behavioral complexity [3].

Most of the systems comprising an interaction of humans and nature are composed of a wide range of interacting elements. Systems are said to be structurally complex when they consist of many different elements and interactions. Behavioral complexity, in contrast, arises from the processes and relations between the system elements. Contrary to other interpretations of complexity, behavioral complexity cannot be reduced, but must be accepted as a fact. At the same time, behavioral complexity does not automatically imply a complicated structure. A system that exhibits behavioral complexity can consist of simple or complicated structures [4]. This point can be illustrated by considering the behavioral complexity of a double pendulum. A double pendulum is a very simple physical system consisting of a pendulum A attached to another pendulum B. Although each pendulum is a simple mechanical system, the joined double pendulum AB exhibits complex behavior [5] (see Figure 1).

Figure 1. Double pendulum with canvas traces [5].
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The double pendulum is an example of applying the theory of complexity to system behavior rather than structure. If even simple systems can show complex behavior, the same must be true for structurally complex systems, which would thus be structurally and behaviorally complex. The fundamental question though is this: How can something complex arise from the simple? Clearly, behavior can not be understood by only referring to the properties of individual elements. Rather, it is the iterative interactions of the system elements that count. In the case of structurally complex systems such as the weather or the stock exchange, complex behavior is determined by the interaction of many of the system’s constituting elements and/or agents. In such dynamic systems, the elements interact in a non-linear way, which can result in the emergence of complicated and above all counterintuitive behavior. A complex system can display surprising properties when elementary sub-processes are coupled together to form a larger system ([6], p. 40), and “the interactions between the parts are far more fundamental than the parts themselves” ([7], cited in [8], p. 4). Local micro-level activities of agents therefore take on global significance in that they influenced macro-level system behavior ([4], p. 57ff; [9]).



2.2. Agents Not Actors

As stated above, the interaction of the system’s constitutive elements at the micro level is decisive for the emergence of new structures on the macro-level. These constitutive elements are termed agents. Individual agents act based on restricted information and to a large extent with self interest; nevertheless they are key in shaping the trajectory of the larger system.

Traffic congestion is a simple but useful example to illustrate the emergence of new structures at the macro level of a social system. We all get stuck in traffic jams fairly regularly—but do we ask ourselves why this happens? Traffic congestion can emerge without a specific cause merely as a result of drivers following simple rules. If we assume these rules to be to drive at a certain speed, to not crash into the car in front; to slow down if there is a car close ahead, and to speed up if not, traffic jams start from small seeds, emerging randomly so to speak from the original positioning of the cars and their random original speeds. “When cars cluster together, they will move more slowly, causing the cars behind them to slow down, resulting in a traffic jam. Even though all cars are moving forward, the traffic jams tend to move backwards. The behavior of the group is different from the behavior of the individuals that make up the group” [10]. The sum of agent behavior leads to entirely new system behavior (see Figure 2), just as a traffic jam emerges out of the behavior of single agents.

Figure 2. Abstract illustration of emergence in complex systems ([11], p. 25).
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The theory of complexity demands that a clear distinction is drawn between agents and actors. ‘Actor’ is the more general and superordinate concept in which agents can be described as a particular type of actor. Actors have also been described as creating spatial clusters of quasi symbiotic unities or combating complexes [4,6]. An actor-based perspective focuses on intentional action and influencing the system’s behavior. An agent-based perspective focuses on the emergence of new macro-level phenomena as the result of agent interaction at the micro level.



Contrary to other types of actors, an agent has limited or no knowledge of the system as a whole. They therefore represent a system unit or element that acts locally and cannot directly influence the overall system. But although agents are restricted in their actions, these very actions can still change the system through iteration and repetition, even if the impacts of an agents’ activities beyond the local scale are indirect and do require some form of mediation. There are obvious parallels to the field of secret agents: those engaged in the cloak-and-dagger games of the former superpowers had similarly limited knowledge of the system as a whole, knowledge in other words that was restricted to their own respective areas of operation.

Behavioral complexity is therefore a crucial parameter in that it considers the qualities and properties of a system as well as the relationships and processes between its constituent elements. Non-linear behavior, and by implication behavioral complexity, are irreducible, with the behavior of the system strongly influenced by the system’s history. Nonlinearity can drastically affect predictability. This implies that structural reorganization has no single cause, but arises from micro-scale inter-dependencies that act together to cause the spontaneous appearance and disappearance of order and structure. Throughout, emphasis is on the ‘becoming’, with complex meaning birth, evolvement and emergence, all of which can lead to profound qualitative transformations [2,12]. This understanding of system’s behavior is not new, since Aristotle already stated: “the whole is more than the sum of its parts”. What is important however for humanities futures, that we recognize the system’s non-linear, dynamic behavior as integral part of our analysis and perspective.




3. Uncertainty and Surprise—Two Concepts in Non-Linear Dynamic Systems

The theory of complexity informs us that jumps are intrinsic in non-linear, dynamic systems. We have to live with surprise and the uncertainty of the outcome of a system’s trajectory. But what is surprise? And what is uncertainty?

Surprise can be defined as a brief emotional state that is the result of experiencing an unexpected event. Surprise can have validity in that it can be positive, neutral or negative, and particularly powerful or long-lasting surprises can be experienced as shocking. Surprise is a relative, subjective entity because it is linked to the expectations of an observer, be they a single synapse, neuronal circuit, organism, or computer device. In mathematics, the same data may carry different amounts of surprise to different observers, or even to the same observer at different times. However, more importantly perhaps, surprise is inextricably linked to uncertainty, which can arise from intrinsic stochasticity, missing information, or limited computing resources. A world that is purely deterministic and predictable in real-time contains no surprises.

Uncertainty is employed by a range of scientific disciplines, each of which has their own definitions and understanding of the term. It also features in many applied contexts, such as the prediction of future events or the reliability of physical measurements. Defined as a human experience, uncertainty is a relative and subjective entity, a social construct ,which is affected by the individual and collective processes that lead us to anticipate the future. Rayner [13] describes uncertainty as a function of how individuals and groups perceive their place in the world and the things that threaten it (compare “subjective uncertainty” according to [14]). As an experience, uncertainty manifests itself as an emotional state: Permanent changes in living conditions, for example, can cause a state of fear, helplessness or loss of orientation ([15], p. 25).

Beyond the experiential, uncertainty can also refer to a situation where possible events per se are known, but where it is impossible to determine the likelihood or timing of these events ([15], p. 22). This is certainly true for the case of an earthquake. In this context, uncertainty can be defined as the lack of certainty, or a state of limited knowledge, where it is impossible to exactly describe an existing state or future outcome, what Donald Rumsfeld, in the quotation that began this article, would call a ‘known unknown’. D. Lindley, a statistician, states that “you are uncertain, to varying degrees, about everything in the future; much of the past is hidden from you; and there is a lot of the present about which you do not have full information. Uncertainty is everywhere and you cannot escape from it” ([16], p. xi).

N. Knight [17], a planner, identifies three types of uncertainty, each of which has different origins. The first is uncertainty conditioned by the environment (environmental uncertainty), the second uncertainty that springs from variable evaluation or assessment (value uncertainty), and the third uncertainty that originates from coordinating processes (related choice). The first is the result of insufficient information about the environment. In this context, environment is understood as a system that is subject to external influences outside human control. The second is related to problems arising from multiple value contexts, in particular the difficulty of assessing future preferences in the context of changing individual and social norms. In the third case, uncertainty results from the fact that the consequences of any action taken by an individual or institution also depend on other people’s action. Coordination processes are therefore the source of the third type of uncertainty.

An important aspect is that “…uncertainty itself has no ethical quality—it is an inherent attribute of a situation. However, in a potentially dangerous situation uncertainty can trigger ethically adjusted behavior that aims to avoid dangers and diminishes risks” ([14], p. 892). Here, the authors distinguish between objective and subjective uncertainty as two main branches, where the first contains epistemological and ontological uncertainties, and the second moral and rule uncertainties. While the former is caused by gaps in knowledge that can be closed by research, the latter is characterized by the inability to apply appropriate moral rules. Ontological uncertainty is caused by the stochastic features of a situation, which will usually involve complex technical, biological and/or social systems. Since complex systems are characterized by nonlinear behavior, it is—at least in a non-lab situation—impossible to resolve uncertainties by deterministic reasoning and/or research ([18] cited in [14]). “The effects of interfering with financial markets or ecosystems, for example, are largely unpredictable; nevertheless, past experience and probabilistic reasoning at least provide some guidance on how such complex systems will react.” ([14], p. 893).

In consequence, uncertainty may either result from a lack of knowledge of obtainable facts (the known and unknown knowns), or the unpredictability of future emergences (the unknown unknowns). As established above, uncertainty is an integral part of the trajectory in complex, non-linear systems: The future will always be uncertain because the interaction of agents at the micro level may result in unpredictable emergences at the macro-level.



4. Uncertainty, Not Risk

Uncertainty is not the same as risk or probability. As early as 1921 the economist Frank Knight stated that “uncertainty must be taken in a sense radically distinct from the familiar notion of risk, from which it has never been properly separated. The essential fact is that ‘risk’ means in some cases a quantity susceptible of measurement, while at other times it is something distinctly not of this character; and there are far-reaching and crucial differences in the bearings of the phenomena depending on which of the two is really present and operating. It will appear that a measurable uncertainty, or 'risk' proper, as we shall use the term, is so far different from an immeasurable one that it is not in effect an uncertainty at all” ([19], p. 20).

Risk can generally be defined as a situation in which the behavior of a system is widely known and estimates are made as to the probability that a certain event or chain of event will occur. Risks in this context can be reduced to a simple formula: Risk = damage × probability. “An example would be estimating the risk of a specified magnitude of flood based on a long-term record of water flow in a river system. The risk could be calculated with long-term information. There would always be a possibility of error, but there could be considerable confidence in the estimate.” ([20], p. 3) Uncertainty, in contrast, refers to situations where we do not know how the system might react. While the risk of rain is calculable based on weather simulation and forecast, the development of the stock exchange is not. Although we can estimate what might happen, no objective facts or parameters exist which could allow us to calculate likelihood ([15], p. 23; [21]). Risk can thus be calculated, uncertainty cannot.


4.1. How to Cope with Uncertainty?

It is a human desire to be as safe and certain as possible. We want to foresee the future as much as possible and are keen to prepare for hazards and surprises technically and socially. Despite the many scientific efforts dedicated to planning and forecasting, simulating, modeling and predicting, as well as the whole range of individual insurances and our hedging against them, surprise and uncertainty continue to determine our world. It also seems that the more scientists and planners model the future, the more we begin to anticipate unprecedented surprises, the greater our uncertainty. So what is going wrong?

After more than two centuries of studying equilibria, a shift in reflection is required, focusing on the emergence of structures and the unfolding of patterns in natural and social systems. Arthur [22] states that “small events (the mutations of history) are often averaged away, but once in a while they become all-important in tilting parts … into new structures and patterns that are then preserved” ([22], pp. 11, 12). Complex systems often contain feedback mechanisms that result in the amplification or dampening down of the outcomes of non-linear chaotic behavior. These are conditions where causal explanations by addition will fail.

Both concepts of surprise and uncertainty are based on human agents, which are constituent parts of the social system. Human agents are embedded in their regional culture. They live in a cultural environment, have historical and cognitive knowledge, and experience emotions. Agents perceive their environment individually, physically and mentally constructing their environment according to their interests, beliefs and needs. Society is constructed by agent interaction. In addition, society itself has a history, its own relationship to the environment and its own prior experience with uncertainties and surprises. These include surprises that go far back in history, may have paled in significance in the collective memory of society and will at the same time influence the trajectory of humanities future. The main point is that society’s development is contingent, and that agents are embedded in this society and their respective spatial environment. The relevance of this is demonstrated below with two examples from the Caribbean: the earthquake in Haiti and hurricanes in the Bahamas.



4.2. Risk Space or Hazardscape—A Difference

Risk is the calculable probability that an extreme event will occur. This definition of risk also refers to the possible damage a disaster may cause; hence, risk is a function of both magnitude and probability of an event (cf. [23], p. 50). Natural disasters are prime examples of such events that take place at a local, regional or supraregional scale. Their spatial dimension is obvious. An earthquake, for example, is linked to active plate tectonics, its occurrence the result of regional instability and tectonic activity. A volcanic eruption is linked to a specific spatial feature (a physical volcano), its ecological and social impacts affecting its slopes and the surrounding areas. At the same time, the precise spatial impact of such events is unpredictable. A tropical cyclone develops over warm water masses and follows a likely corridor, but its actual trajectory depends on many influences such as topography, pressure differences, or wind directions. Although its pathway per se is contingent, it is hardly possible to predict just which of the many potentially affected areas it will hit.

A hazard is defined as a potential threat to humans and their belongings caused by an extreme event. As such, a hazard is vague in that it only shows the potential of an occurrence in a certain predisposed area. Like uncertainty, and unlike risks, hazards are non-calculable. Hazards are threats that arise from the unpredictability of a system’s behavior and the interaction of the system’s agents. Therefore, hazards are emotionally and cognitively charged constructs.

Space is constructed both consciously and unconsciously in the cultural context of a society and based on perceptions of nature and the environment [24]. Mental and material constructs of space are linked to each other by human practice. Scape, in contrast, is a principle that makes it possible to consider part of space as an individual unit. The significance of landscape, for example, can be clustered around the fundamental components of form (the physical and tangible aspects of a landscape), practices (the activities associated with a landscape) and relationships (the meanings generated between people and their surroundings) [25]. ‘Scaping’, or the turning of objective space into subjective scape, is an active, iterative, creative process where mental and material spaces repeatedly constitute one another. This is transported by the German term ‘Landschaft’, whose etymology carries the creative act of delineating and also shaping a distinct unit of land [26].

If risk refers to calculable risk (e.g., of a natural disaster) and hazard to a general threat, the same is true for the respective areas affected. Risk space, meant here in the sense of space potentially at risk, can be determined by calculating the intensity and outcome of an event. However, in many situations, such a calculation is impossible, and even if it were, we would probably not do the math. This is because we get used to a hazard, become hardened to it or simply stop thinking of the potential threat. A hazardscape is therefore a space that is confronted with an undefined yet existing threat, which is neither predictable nor calculable. Hazardscape in this sense is understood as an emotionally charged landscape, which is constructed based on perceived threats and fears or fatalism. Hazardscapes are social, visual and affective entities that are made and unmade in a particular cultural and societal context.

A geohazard is defined as a "geological state, which represents or has the potential to develop further into a situation leading to damage or uncontrolled risk. Geohazards are found in all parts of the earth and are always related to geological conditions and geological processes, either recent or past.“ (International Centre for Geohazards, Oslo). A regional geohazard can be defined as the regional impact of an uncontrolled risk arising from a natural feature with direct impact on the regional population; the population will be affected by the appearance and the development of a hazard into damage. As a rule, and in a long-term process based on past experience, the regional population has developed adaptation strategies to mitigate the impact of such potential damage (i.e., dykes along low lying coastal areas, hurricane or earthquake safe housing, stilt houses in flood prone areas, etc.). However, unprecedented effects can result in new dimensions of disaster, exposing the regional population to the impacts of a regional geohazard despite the presence of traditional adaptation and mitigation measures. Studying regional geohazards therefore requires a combined approach, considering not only the potential natural threats but also society’s preparedness for dealing with them. The ability to deal with hazards depends on information, experience, threat perception and governance structures. Handling regional geohazards must be based on an integrated perspective combining natural and social sciences and taking account of the uncertainties and surprises of non-linear, dynamic systems.

Whereas risk space is confronted with the physical risk in a certain area, hazardscape arises from constructs of uncertainty, which are fed by memories, traditions, as well as mental and physical processes. A hazardscape manifests itself in physical space in Urry’s sense that “the effects of humans are subtly and irreversibly woven into the very evolution of landscape” ([8], p. 6). Based on the concept first defined by Corson [27] in a technical context1 and transformed by Cutter, Mitchell and Scott in 2000 in their study of place vulnerability [28], hazardscape can thus be defined as ecological hazards and risks that build through a constant, implicit and intricate relationship between human beings and the environment in a particular spatio-temporal context [29].




5. Contingency in a Space-Time Continuum—The Haiti Example

The above has revealed that the evolution of any complex system is defined by emergent behavior and jumps, making surprises a constituent part of the system’s trajectory. “The ‘normal’ state of nature is thus not one of balance and repose; the normal state is to be recovering from the last disaster.” ([8], p. 5) A complexity-based perspective can thus enable us to break with the common dualistic thinking in systems or system failures [30]. The destruction of Port-au-Prince on 12 January 2010 in a 7.5 magnitude earthquake is a notable example.

Haiti is situated on the northern margin of the Caribbean plate, which is pushing east, moving against the North American plate, which is pushing west. Plates not only grind past each other, but are also compressed in some areas on account of the irregular shape of the plate boundary. Plate motion is about 20 mm/year. Tectonic movement creates two east-westerly fault zones, the Septentrional fault that runs along the northern side of Hispaniola, and the Enriquillo-Plantain-Garden Fault Zone (EPGFZ) that extends along its southern side (see Figure 3). US Geological Survey [31] experts estimate that the EPGFZ fault is to blame for the historical earthquakes in previous centuries. The last large earthquake along the northern fault occurred in 1946, which had a magnitude of 8.0. Research published in 2008 warned that tectonic tension had been building along the Enriquillo-Plantain-Garden-fault since 1751, when the last large earthquake in the region struck the southern part of the Dominican Republic, and forecast a magnitude of 7.2 for an earthquake that would eventually result in release of this tension [32].

Figure 3. Haiti—Enriquillo-Plantain-Garden-Fault Zone [33].
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Map of northern Caribbean plate boundary showing microplates and structures; AP: Anegada Passage; BP: Bahamas Platform; BR: Beata Ridge; CT: Cayman Trough Spreading Center; EPGF: Enriquillo-Plantain Garden Fault; GP: Gonvave Platelet; HP: Hispaniola Platelet; HR: Hess Rise; LAT: Lesser Antilles Trench; MR: Mona Rift; MT: Muertos Trough; PRVI: Puerto Rico-Virgin Islands block; SB: Sombrero Basin; SITF: Swan Islands Transform Fault; SF: Septentrional Fault; WF: Walton Fault.






The location of the epicenter of the earthquake of January 2010 was 25 km southwest of the capital of Port-au-Prince. It destroyed the presidential palace, Port-au-Prince Cathedral, the Anglican Holy Trinity cathedral, a former children’s hospital, the port and the airport. The slums of the city, with over a million inhabitants, were particularly badly affected by landslides. Chaos reigned in the immediate aftermath of the earthquake, with several factors conspiring to hamper rescue efforts. The earthquake struck an hour before dark, taking out both power and telephone lines. Haiti had no contingency plan for such a disaster, and the medical infrastructure that existed was either destroyed or proved unable to cope with overwhelming demand. The general scientific analysis is focusing on the vulnerability of the Haitian society, the manifest failures in society, politics and economics. No question that these failures were unaided by the fact that the Haitian society is especially vulnerable to such a disaster and this should not be ignored. However, there is a need in complementing this perspective by shifting the focus on non-linear surprises and uncertainties.

Although exemplifying regional geohazards—showing historical experience and a specific geological position along two tectonic faults—the large earthquake of January 2010 hit the island as a surprise. Haiti is a risk space and an earthquake should have been expected. However, because the last large earthquake occurred 40 years ago, the population had begun to feel ‘safe’. A mental construct had arisen of the area as a place safe from earthquakes. As a result, building materials or building codes did not take into account the potential occurrence of earthquakes. It was the rigid reinforced concrete structures that were first to collapse in the January 2010 event. Not only mentally, over decades Haiti was constructed as a hazardscape. The regional geohazard became manifest.



6. Contextuality of Culturally Embedded Agents—The Bahamas Example

The perception of hazards is embedded in regional culture; within each culture, it finds specific expressions. The second regional example draws from the Bahamas experience. Hurricanes are a regular occurrence in the Caribbean (see Figure 4). In the English-speaking part hurricane season is described in a well-known nursery rhyme that is based on general experience:

Figure 4. Hurricane trajectories on the Bahamas.
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June—too soon.

July—stand by!

August—look out you must.

September—remember.

October, all over.



A hurricane’s (spatial) impact is difficult to predict just as that of an earthquake because both its strength and path are uncertain. A hurricane can grow in strength or weaken, dissolve, gain speed, stay on its course or suddenly change track. Everything depends on small influencing factors that cannot be predicted beforehand. Despite careful monitoring of weather conditions, hurricane forecasts can only be made a few hours in advance. Contingency plans for this natural disaster need to take this into account.

For the population, hurricanes are part and parcel of a Caribbean summer—natural events that form part of everyday life. On small islands, uncertainty can breed certain fatalism; after all, one can never be sure whether the next hurricane might destroy all one’s worldly goods. Overhead power lines are typical for Caribbean islands but they are unsuitable for countries frequently hit by storms. Unfortunately, putting the power lines under ground is more effort and expense than simply re-erecting the fallen utility poles every year. The leaky, vulnerable wooden houses are another problem. These are prevalent throughout the Caribbean and extremely susceptible to storm damage. The massive concrete hotels usually survive without damage and sometimes even serve as hurricane shelters for the local population. Social vulnerability and resilience thus become central issues in the hazard debate. However, it also depends on the social and cultural construction of hazardscape the people inhabit.

Absolute wind speeds or intensities only partly determine the impacts of hurricanes on Caribbean societies. Coping with natural disasters implies an ongoing process of preparation, taking precautionary measures, getting ready and, wherever possible, using technology in the protection against extreme events (e.g., flood defense, special architecture and construction of hurricane-proof houses, etc.) Importantly, pre-disaster preparation is only one element in the iterative process of disaster management, which apart from preparation also comprises immediate disaster relief and post-disaster relief management. Integrative Hazard Management also means preparing society for the potential impacts of a natural disaster. Every year, Caribbean island states go to great lengths to prepare their population for the hurricane season. Radio broadcasts, newspaper ads, posters, exhibitions, special teaching units at school, and special mugs are used to attempt to firmly lodge the idea of risk in people’s heads. If hurricanes are merely considered a potential risk rather than an inevitable one, acceptance of risk must come as a necessary first step before adaptation or mitigation.





7. Risk Awareness and Governance

With respect to hurricanes, Caribbean islands are clearly risk spaces and show the critically of regional geohazards. However, although hurricanes pose a constant threat throughout the summer months, only those hurricanes that are important to the community actually strike. In the Bahamas, a gateway of storms to the USA, the saying goes that “only the hurricane that hits you matters!” The Bahamas were fortunate in that no severe storms were encountered in the 1970s and 1980s. Major change did not take place until 1992 when Hurricane Andrew had a severe impact on the islands. Institutional arrangements were altered, the National Emergency Management Agency (NEMA) was established and governmental preparedness programs were put in place. However, did this event really change hurricane awareness in the Bahamas?

After a long period of relative calm, Hurricane Andrew led to four casualties in the Bahamas. Overall, damage was estimated at $250 million US$. The island of Eleuthera was affected worst, but subsequent severe storms also caused damage on different islands [34]. In 2008 Hurricane Ike, a category 5 storm, hit Great Inagua with its population of 950, but spared the much larger population of New Providence. For any kind of awareness-raising, knowing where the hurricane will hit and how much impact it might cause nationally is therefore essential. Awareness in turn depends on previous experience, says Captain Stephen Russell, Coordinator of the National Emergency Management Agency (NEMA): “We have a bad habit on the Bahamas, people only act when they feel the breeze!”

In the nation’s capital Nassau on New Providence, people feel comfortable. New Providence has not experienced a hurricane for a long time and feels safe because it is protected by the other islands. “This is a false bubble!” says Diana Turnquist, former Disaster Officer of the Bahamas Red Cross. “We are the least prepared. Because of lack of historic experiences in New Providence people have no hazard consciousness. They need a wake up call.”

For the Bahamas the chances of a hurricane hitting and the respective damage this might cause represent a calculable risk. However, for the single island’s communities exposure to a major hurricane represents a hazard, as do the ensuing flooding events, which cause additional damage to houses and infrastructure. New Providence with the capital Nassau exhibits localized thinking, only considering New Providence instead of the wider island environment. Ninety percent of the population lives on the island, most of the nation’s economy and infrastructure are located here, and they have never really had a shock. The hazardscape is explained by an anonymous interviewee in Nassau in October 2011: “It is just our culture, a hand to mouth symptom. I do not care about tomorrow, I live for today.” Against the mindset that only the hurricane that hits really counts, a mentality of pre-planning or proactive management is absent in this socio-cultural environment. This can become a problem in the overall process of hazard management, where preventative action and preparation are important elements.



8. The Theory of Complexity and its Contribution Hazard Management

The case of Haiti demonstrates that surprise depends on the perspective taken and the conceptual framework applied. Since the mid 1980s leading hazard scholars have referred to hazards as open and complex systems for which a multitude of elements is just as characteristic as cyclic and instable transformation processes [15,23,35,36,37,38,39,40,41,42,43]. They call for an integrative approach in hazard research and management and specifically refer to the theory of complexity in their deliberations and research. However, integrative approaches are still not being implemented. Although non-linearity, emergence and feedback are repeatedly mentioned in the literature the Gestaltwechsel from complicated to complex system behavior has yet to be broadly acknowledged and its implications recognized in hazard management. People prefer to think in linear sequences, and reliance on linear development abounds in everyday life and in hazard management. Why is that?

There is a need to acknowledge that interaction between elements on one scale can lead to emergent phenomena on another. "Emergence is the reason why there are hurricanes, and ecosystems, and complex organisms like humankind, not to mention traffic congestion and rock concerts. Indeed, the term is positively awe-inspiring" ([44], p. 2). Essentially, this confirms the above contention that nature and society not only represent non-linear and dynamic systems, but also coupled socio-ecological, complex systems. It is here, at this juncture, where the theory of complexity takes on practical relevance for risk analysis or hazard management. The concept of behavioral complexity has to be acknowledged and integrated into hazard management for the sake of the future of humanity. The hazard management process is constituted by the entire cyclic process of preparation, emergency and response, reconstruction and mitigation. First and fundamental is the disaster preparation phase which is based on the collective memory of a society and difficult in a context where the last event goes back so long that it is no longer vivid. Social agents themselves do not take part in preparations, and government has to expend a considerable amount of effort every year. The Bahamas example underlines the importance of the socio-cultural context in the development of hazard management concepts. In order to be successful, hazard management needs to be grounded in the way the respective society deals with reality. Although, it will be very difficult to change attitude from searching for linearity to accepting jumps in trajectories, such a change should not only be addressed through early education but in training programs for disaster managers and politicians.

Complexity theory holds that disasters are no exceptions that somehow occur outside the normal course of a system’s development. Rather, they form part of a system whose trajectory is characterized by discontinuities and disorder, which should therefore lead us to expect surprise and uncertainty. This strengthens calls for an integrative perspective on disaster and development. Theoretically, this has been known for some time, but practical implementation is still sorely lacking.2 Disasters or surprises are part of the normal course of development of a society. A Gestaltwechsel is possible if the course of a system is regarded from the perspective of complexity theory including the notions of surprises and jumps. Interaction of social agents within their regional cultural contexts leads to emergent behavior at the macro level which has to be taken into account in any form of hazard management.

Practical hazard management is a difficult proposition. The example of Haiti shows that in the long run, dangers tend to be ignored if the threat is unspecific. It also shows that much more pressing problems of survival prevent the implementation of locally adapted hazard management strategies. Numerous examples exist for this, demonstrating that disasters are not commonly seen as a constituent part of development. The most recent example of the tropical storm Sandy, which hit New York by surprise, proves this as well. It is a classic mistake not only in developing countries, though their institutions operate slowly and their vulnerability is obvious, direct and immediate economic development tends to be the main focus. Preventative management respecting surprises as part of the system’s trajectory seems to hardly exist.



9. Conclusions

The theory of complexity explains why integrating community concern in hazard management is more than a democratic imperative. Regional geohazards can be equalled a socially and culturally constructed hazardscape, which requires flexible and adaptive governance structures. There are known unknowns. That is to say, there are things that we know we don't know... The above has set out that non-linear dynamic systems are composed of single agent behaviors and interaction at the micro level, which leads to emergence at the macro level. This makes emergence a key parameter in adaptive risk management. Adaptive here means adaptable, flexible and open to feedback, implying the use of a monitoring system to check whether one is still on the desired system trajectory. Adaptive in the context of complexity theory also means taking into account complex agent behavior in their special regional culture, expecting interactions at the micro level to lead to emergence at the macro level.

The example of the Caribbean demonstrates the importance of culture. Working with complexity in hazard research means that agents have to be found, supported and strengthened in the influence they can bring to bear on wider society. Only then can society better prepare for surprises, even where funding continues to be a limiting factor. Surprises are part of the system’s trajectory and a constituent part of its future development. Rather than providing justification for doing nothing, this substantiates the need to include a multitude of agents in discussions about future development. Doing nothing may be choosing the worst system trajectory [45].

Recognizing the emergent, historically contingent and self-organizing character of the social world, and developing responsive policy vehicles for managing that complexity, requires a shift in our conception of science in general and of economic science in particular. “We need to embrace more than the simple, and expect less than the fully predictable.” ([1], p. 9). New frameworks for policy may be better able to handle the kind of deep uncertainty that social complexity entails. “Adaptive management in place of “predict-and-act” models introduces flexibility to respond to both new situations and new knowledge of the situation.” ([1], p. 8) Monitoring and adjusting regulations in light of dynamically changing conditions is a better approach to the kind of complexity found in the social world and preferable to expectations based on the time-honored paradigm of simple, linear, deterministic models. Surprises, ironically, should be expected.


“The most important thing to remember about complexity is very simple:

there’s always something yet to come.”

([46], p. 46)
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	1…a hazardscape is the spatial distribution and attitudes of human engineered facilities… that contain or emit substances harmful to humans and environment ([27], p. 57).

	2Palm [38] was one of the first to present an integrative framework for research and planning for the specific context of natural hazards based on the fundamentals of complexity theory. Possekel [15] applied this approach to the Caribbean island of Montserrat, where she took a multi-scale approach to the situation before and after the volcanic eruption and developed a hazard management concept based on this.
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