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Coupling and complexity at the global scale: flows, networks, interconnectedness, and synchronicity

The argument of this paper is that the notions of coupling and complexity introduced by Perrow to discuss high-risk technologies need to be scaled up from their original scope to a wider, global one considering the evolution of the operational landscape of safety-critical systems. One value of Perrow in the 1980s was to trigger core debates, contributing to a new form of causal reasoning. It provided a way of thinking about causality within a context of expanding sociotechnical systems such as nuclear power plants, civil commercial aviation or petroleum infrastructures. In the 2020s, high-risk technologies do not only represent potential for single catastrophic events anymore but are also the sources of wider problems associated with globalised flows (systemic risks) and ecological degradation known as anthropocene (leading to existential risks). In this context, the scope, scale and timeframe of highrisk systems is extended in comparison to Perrow's original work. In these new circumstances, coupling and complexity categories apply to a much wider spectrum of issues than initially conceived by Perrow and notions such as flows, nodes, networks, interconnectedness, and synchronicity should be incorporated to illustrate a move to the global stage. After a presentation and discussion of Perrow's coupling and interaction, the "global turn" in research is discussed, using sociology and history as examples. It is followed by the contribution by Guillén on the "architecture of collapse" characterising our contemporary era. Its implications for safety science research are then explored using Covid-19 as an example.

Introduction

The editors of this special issue argue that "Increased globalisation combined with modern technologies has created a "hyper-connected" world". They add that "communication and commerce span multiple countries and a wide array of human and organizational cultures in minutes to hours" and they wonder about the implications for safety and security. One proposed sub-topic for the special issue is formulated in the question, "how can distributed risk in a hyperconnected world be analysed and modelled?". The argument of the article is that this "hyper connection" has indeed challenged causality as established so far in safety science research. It proposes scaling up two important notions in the field: coupling and complexity. The central argument is, as the editors suggest, that there is a need to update our mode of thinking about safety in order to address what has become commonplace: the increase in interconnectedness of our world and the global nature of this interconnectedness. Recent examples can be easily found to support this claim.

Covid-19, climate change, or the war in Ukraine are three of these global events concretely illustrating what has been described in past decades as global risks [START_REF] Le Coze | Global Risks[END_REF]. But how does one approach these large-scale phenomena empirically, methodologically, and theoretically? One option is to understand them as global because their origins, ripple effects, and implications concern very many different countries of the world which are connected through flows of people, capital, goods, money, viruses, chemicals, and data [START_REF] Ritzer | New challenges in organisational research: high reliability organizations[END_REF]. They are global events because these flows affect, at different levels (in terms of consequences or speed), all continents.

To come to grips with such global events, one needs to consider, to describe, and to understand the level of interconnectedness created by these flows: their intensity, their nature, their speed, or their reach. One aspect of covid-19 is for instance the speed with which viruses are transmitted around the world as a result of the flow of travellers. One aspect of climate change is the global reach of gas emissions created by many flows (e.g., transport, industry, data centres). And one aspect of the Ukraine war is the disruption of flows of goods affecting many countries (e.g. wheat, data, gas, petrol).

These aspects are specific to the event or events they are associated with and are only meant to illustrate the following point: flows linking different part of the world over extended causality chains constitute a core feature of our contemporary era. Of course, these three events (covid-19, global warming, war in Ukraine) are some of the most dramatic cases of global events with far reaching consequences in the present and in the future. Their value is how much they reveal this interconnectedness when flows are interrupted, diverted, altered, intensified or modified. Other recent cases with milder impact can be selected to illustrate the multiple connections in our world. One such example is the Ever-Given cargo blocking the Suez Canal in 2021, interrupting and slowing down the transportation of many goods. The flow of goods across the planet indeed relying to a large extent on maritime traffic.

All these flows are mediated by artefacts, people, organisations, and institutions within and between different nation-states and regions of the world at the global level. Flows also reveal strong power asymmetries, unbalances, and gaps when it comes to producing, managing, regulating, and governing them. Flows are structured, regulated and borders exist for this purpose. These flows are therefore linked to the economic, demographic, political, industrial or military status of the nation-states and regions. Italy, United-States, Uganda, South-Korea or Argentina are situated in different continents and are also situated very differently within these global flows for such asymmetric reasons. They are connected to each other in many ways through flows of capital, people, material, goods, data, or viruses but their influence, resources, and power vary greatly. Thus, interrupting, modifying, altering, intensifying, or diverting flows always indicate positions of countries, and their cooperation, at the world stage, a topic at the heart of geopolitics [START_REF] Gomart | L'affolement du monde. 10 enjeux géopolitiques[END_REF].

Beyond flows, interconnectedness, and the status of nation-states, regions and continents, what constitutes an interesting common feature of these events in the context of this article is their origin and dependence on infrastructures which have been at the heart of safety science research for more than 40 years, namely high-risk or safety-critical systems. Safety-critical systems such as commercial aviation, nuclear power plants, tankers, chemical plants, ships, pipelines are at the heart of our world's interconnectedness. Some of these were also described, in the 1980s, as large technical systems (LTS, [START_REF] Hughes | American Genesis. A Century of Invention and Technological Enthusiasm[END_REF]) (later also described as infrastructures, see [START_REF] Edwards | Infrastructure and modernity: Force, time, and social organization in the history of sociotechnical systems[END_REF]. Seen from this perspective, these systems acquire a new status which has so far gained little attention, something that this article intends to correct. An author who contributed to the identification and study of these systems is Perrow [START_REF] Perrow | Normal Accidents, Living with High-Risk Technologies[END_REF]. In 1984 he brought these systems under a new category of sociological analysis. He famously developed the thesis of Normal Accidents, in other words, of unavoidable accidents arising from tight coupling and interactive complexity (e.g. nuclear power plant, chemical industry).

While this thesis has been criticised [START_REF] Hopkins | The limits of Normal Accident Theory[END_REF] and while Perrow's book (and his work more generally) cannot not be restricted to its deterministic argument (Le Coze, 2015Coze, , 2020a[START_REF] Le Coze | Crisis Development: Normal Accident and Beyond[END_REF], the relevance of these analytical categories (couplingcomplexity) seems to acquire renewed importance in the context sketched above. Covid-19, global warming, the Ukraine war, or the Ever-Given cases make us realise that the degree of coupling and of complexity warrants a higher level of analysis than originally thought by Perrow. At the same time, such coupling and complexity remain firmly entrenched in the operation of large sociotechnical systems. Indeed, flow depends on the sociotechnical systems that Perrow described. This extends the scope, scale and timeframe of these systems (Le Coze, 2020a). The aim of this article is to discuss this scaling up of coupling and interaction of sociotechnical systems at the global level as a tool to explore interconnectedness.

In the first section, Perrow's analytical categories are introduced, and are discussed in the context of their origins, reception and limitations, while arguing that the American sociologist influenced the thinking of many in a specific historic period. In the second section, sociology and history illustrate the "global turn" in research. The intellectual shift that it represents is explained. It constitutes a new perspective for our understanding of the past, present, and future. The last section returns to safetycritical systems, exploring the relevance of scaling up the notions of coupling and complexity at the global level, by examining sociotechnical systems and the notion of "architecture of collapse" by Guillén [START_REF] Guillén | The architecture of collapse. The Global System in the 21st Century[END_REF]. Covid-19 serves as an example to illustrate the argument.

Perrow's coupling and interaction

With the publication of his book, Normal Accidents [START_REF] Perrow | Normal Accidents, Living with High-Risk Technologies[END_REF], Perrow created a new category of organisations to be studied by social sciences. This included, among others, nuclear power plants, dams, aircrafts, chemical plants or nuclear weapons. Because of the hazard potential of systems such as nuclear power plants, dams, aircrafts, chemical plants or nuclear weapons, there was much to be gained by probing their specificities. Their loss of control could indeed have far-reaching consequences for societies. Their hazard potential as well as their engineering design made them special. Some of these newly developed sociotechnical systems that were built after the Second World War, exhibited a high level of sophistication unprecedented in human history. Commercial aircraft, nuclear power plants and weapons, large chemical plants, offshore rigs, refineries, or tankers flourished in the 1960s and 1970s. Perrow entered this engineering world during his experience with the Three Miles Island accident in 1979. Taking part in a commission investigating the event as an organisation sociologist, he familiarised himself with the engineering nature of these systems and conceived a new idea.

His idea was that small events in intricate engineering systems (such as a nuclear power plant for which operators and engineers rely on indirect information in control rooms) can be puzzling, and hard to interpret because of the non-linear behaviour of components, feedback loops, and other unanticipated effects. These events can escape their control if the causes of unexpected events remain obscure, and if the understanding of them is partial, something even more likely to happen when relying on indirect information. For Perrow, additional problems arise when such systems are tightly coupled (for example, invariance in sequence order, low slack, no buffering). In these circumstances, small events are likely to escalate or to spread within the system in uncontrollable ways, creating opportunities for what he describes as Normal Accidents, or System Accidents. In tightly coupled and complex systems, such events are possible, but happen very rarely. The type of description of accidents presented by Perrow in his book made his thesis very influential. Some systems were more likely than others to surprise us, depending on the key characteristics of coupling (loose, tight) and interaction (linear, complex)(table 1).

Table 1. Perrow's notion of coupling and interaction

Coupling: loose or tight Delay in process (yes, no) Invariance in sequence order (yes, no) Alternative method (yes, no) Level of slack in resources (low, high) Redundancies/Buffers (yes, no) Substitution possibilities (yes, no)

Level of interaction: linear or complex

Spacing between components (much, none) Production steps' location (distant, close) Common mode of connections (unlikely, possible) Possibility of isolation of failed components (yes, no) Personnel specialisation (low, high) Likelihood of unexpected feedback loops (low, high) Potential interactions in control parameters (low, high) Type of information sources (direct, indirect) Understanding of processes (full, partial) The immense success of the book and its iconic status can retrospectively be associated with the historical moment of its publication which corresponds to a need for a better grasp of expanding sociotechnical systems in the 1960 and 1970s. Perrow's mix of vocabulary borrowed from engineering and social sciences such as redundancy, slack, buffers, feedback loops, common-mode failure when applied to case studies provided just that. He developed a set of analytical notions which helped think about causalities in these systems, and the likelihood of them surprising us. It captured the imagination of many, offering something to work on, something with which to start problematising the presence of these systems and their potential threat to societies (Roberts, 1989, LaPorte, Consolini, 1991). Coupling and complexity together made sense: the absence of substitution, delay, redundancy, buffer or slack (tight coupling), combined with unexpected failures as a result of limited understanding of processes which exhibit positive and negative feedback loops and as a result of the lack of direct access to information in control rooms (interactive complexity), could lead to disasters (table 1). This language, this vocabulary, this creative combination of notions was very appealing in the 1980s. Fyfe, a historian, shows that something similar was at stake during the industrial revolution in UK, in Victorian times [START_REF] Fyfe | By Accident or Design: Writing the Victorian Metropolis[END_REF]. The development of railways baffled people at the time. The unprecedented scale, nature and speed of such systems, unmatched in previous eras, required societies to get acquainted with them, and to develop the mindset to deal with their peculiarities. This included disasters. Fyfe writes "the accident concentrates the problem not only of technological control, but of apprehending the degree to which human design and regulation could function in a system increasingly large, fast and interconnected" (Fyfe, 2015, 172). Fressoz, another historian of the industrial revolution, has a similar argument for France during the industrial revolution and the development of railways. This new sociotechnical context deeply affected how people thought about cause and effect, determinism, prediction, and likelihood (Fressoz, 2012). One can argue that Perrow, a century later, in the 1980s, contributed to a similar adjustment of societies to the new systems that they created. However, Perrow's thesis had also a deterministic flavour which many rejected. It did not consider people, organisations and institutions. Over the years, the view that coupling and complexity were enough to understand, explain and prevent disasters slowly lost its appeal to researchers [START_REF] Hopkins | The limits of Normal Accident Theory[END_REF]. There was more to take into consideration than these features. What about disaster in loosely coupled and simple systems for instance? Issues of maintenance, of risk analysis, of learning, and of compliance came to be seen as quite important, perhaps more important than coupling or complexity. Perrow did not disagree, he had a name for such cases, they were component failure accidents, not system ones (Le Coze, 2015). And most of the high-profile disasters of the 1980s were component failure accidents, not normal accidents. Perrow writes "following the publication of the book in 1984, we had a series of notable accidents: Bhopal, Chernobyl, and in the United States, the Challenger and the Exxon Valdez oil spill. I was told I had bragging rights, but this was not true. All of them were just waiting to happen: the result of managerial negligence (…) These accidents were all preventable. The vast majority of accidents are preventable" Perrow, as a sociologist of the "society of organisations" [START_REF] Perrow | A society of organizations[END_REF] had actually a wider, macro systemic view of these hazardous systems. He analysed the differences between "error-prone" and "error-avoiding" systems. He conceptualised that the level of safety in marine industry (error-prone) and aviation (error-avoiding) were very different. The aviation industry was safer than the marine industry because of differences in artefacts, actors, organisations and institutions structuring their daily operations (but also in the aftermath of accidents). A combination of states, regulations, (independent) administrations, unions, insurance, professional associations and civil society greatly favoured aviation in comparison to the marine industry when considering safety [START_REF] Perrow | Normal Accidents, Living with High-Risk Technologies[END_REF]. This is still relevant today despite the changes in these industries. As regards safety, aviation remains far more resourced, organised, and demanding when compared to the marine industry. The idea there is more to sociotechnical systems than coupling and complexity and that people, organisations and institutions need to be included in the picture, is a solid outcome of more than 40 years of research. Yet -and this is the argument of this article -the notions of coupling and complexity can once more help us conceptualise our current sociotechnical phase. A detour into sociology and history explains why.

The advent of the global in research

An important evolution in research is the "global turn" in the late 20 th century and early 21 st century (Dufoix, 2013). This turn concerns disciplines such as sociology, history, geography, economy, anthropology or geopolitics. The aim of this section is to introduce, very succinctly, how two of these disciplines, sociology and history, have concretely contributed to this "global turn", and how useful it is for the purpose of scaling up coupling and complexity.

Sociology and the global

The concept of globalisation in the 1990s, after the end of the Cold War, has been influential and popular yet also contested by sceptics (they are discussed below). It has spurred a considerable interest in research concerning what was described as a new phase of economic integration by markets, technology, and transport under the influence of (neoliberal) policies of powerful states favourable to the circulation of goods, information, people, and capital. Even if sociology, through the founding fathers Durkheim, Weber, and Marx was never restricted to the study of single nationstates (see below under "history"), the insistence that societies -the central topic of the discipline -could not be considered independently of wider contexts is a more recent contention. Authors like Giddens, Beck, Sassen or Castells were at the forefront of this debate in the early 2000s, with different emphasis (e.g. Giddens, 2000, Castells, 2001, Sassen, 2007, Beck, 2009 1 ), promoting, along with other authors, a sociology of globalisation [START_REF] Martell | Sociology of Globlalization[END_REF].

The state, modernity, (social) classes, work, organisations, science, capitalism, culture, consumption, identities, cities, families, inequalities, or migration are some of these classic sociological topics which used to be analysed at a national level and which are now being reconsidered in the context of globalisation. These core sociological categories are exposed to new configurations, dynamics, and processes which deeply reshape societies. Some of them have now become established aspects of our contemporary societies. For instance, global cities and the urbanisation of the world emerge and connect continents as flows of capital, goods, and people increase; network configurations proliferate in work, organisations, and states, creating new social, business, and political dynamics; national identities and social classes are shaped by an expanding financial and global capitalism which lead to new divisions and hierarchies within societies of winners and losers of globalisation.

Giddens writes "we continue to talk of the nation, the family, work, tradition, nature as if they were all the same as the past. They are not. The outer shell remains, but inside they are changed" (Giddens, 2013, 26). Globalisation is therefore far from being only an economic phenomenon. It is a social, political and cultural one, as much as an ecological one too. Flows of images, music, and ideas across the world influence identities and cultures; flows of migrants, capital, and goods shape politics and states' policies; flows of pollutants, materials, and chemicals impact and transform nature. It creates what is also described (and was introduced by Marx) as a "space-time" compression connecting distant parts of the world in unprecedented ways [START_REF] Lemert | Globalization: An Introduction to the End of the Known World[END_REF]. One issue is the global architecture of actors, organisations, and institutions which regulate and govern these flows and the understanding of relationships between micro (local) events and macro (global) level of analysis. For Giddens "the powerlessness we experience is not a sign of personal failing but reflects the incapacities of our institutions" (Giddens, 2013, 26) However, if the large-scale changes in the world occurring in the past 30 to 40 years is undeniable, sceptics challenge the idea that globalisation is a relevant analytical category and explanation for these changes. They see sociologists promoting globalisation as "enthusiasts", "radicals" or "globalists" who lack precision concerning what it is that the notion characterises. First, the increase in so-called "global" flows does not include to the same extent all of the countries around the world. Some are left out or exploited by dominating economies, a view which was expressed by Wallerstein's world system theory (in the 1970s onwards, see Wallerstein, 2004). Such countries are at the peripheries of the main economies in regions such as Europe, North America and South and East-Asia. If flows do increase, borders, structures, and processes are created by states in different regions and continents, and by global institutions (e.g. International Monetary Fund, World Bank, World Health Organisation). They can contain, channel, or reduce globalised flows, and comparison to Beck and Giddens is an empirical and analytical one. It helps see sociotechnical systems as a highly relevant and core analytical unit when thinking about wider processes, including global ones. This position derives from Perrow's sociological approach as explained in the "society of organisations" [START_REF] Perrow | A society of organizations[END_REF].

asymmetries and hierarchies are the norm rather than the exception. For sceptics, globalisation is in this respect a partial one at best. Second, globalisation does not appear at the end of the 20 th century as an entirely novel reality that sociologists suddenly uncover. There are precedents and a much longer history casting doubt on the novelty that their advocates often seem to imply. Sceptics turn to historians to support this contention.

History and the global

In the same period at the beginning of the 21 st century, history also starts incorporating, as sociologists do, "the global" as an important category of analysis (partly because of the success of the notion of globalisation in the 1990s and the strong interest it triggers). There are precursors of the global as a historical perspective, such as that discussed by Braudel (but also Weber or Marx, see Again, in a similar way as for sociology and with different emphasis, historians such as Bayly, Gruzinski, Hosterhammel, or McNeill are at the forefront, at the beginning of the 21 st century, of a renewal of the discipline [START_REF] Mcneill | Something new under the sun: a global history of the 20 th century[END_REF][START_REF] Bayly | The Birth of the Modern World, 1780-1914[END_REF][START_REF] Gruzinski | Les quatre parties du monde[END_REF][START_REF] Osterhammer | The Transformation of the World: A Global History of the Nineteenth Century[END_REF](published in German in 2009), developing the contours of a "global history" [START_REF] Conrad | What is global history?[END_REF]. Empirically studying causalities and explaining change across continents through global processes, they too, developed an understanding of interconnectedness by broadening the horizon of histories which were mainly based (for most of them) on national or regional levels of analysis.

Addressing topics such as modernity, states, work, (social) classes, consumption, cities, capitalism, etc., they show the new pathways of the flows and connections established in the 16 th century between the Americas, Europe, Africa, and Asia through ships, communications, merchants, expanding markets, and circulating religions (some see this as the "Iberic globalisation" [START_REF] Gruzinski | Les quatre parties du monde[END_REF], or a phase of an "archaic globalisation" before a "modern globalisation", [START_REF] Bayly | The Birth of the Modern World, 1780-1914[END_REF].

These pathways are amplified from the 17 th to the 19 th centuries thanks to new technologies (transport, communication), the development of industrial capitalism, and the rise of states combined with the advent of national identities around the world. They also show the acceleration of these processes at the end of the 19 th century and the start of the 20 th throughout Western Empires before a slowing down between the two world wars, to be followed, after the Second World War and then after the end of the Cold War, with another phase of increased (but as yet uneven) interconnectedness between states, nations, regions, and continents. This last wave of globalisation was triggered by renewed free market ideologies, and new technological capabilities. An important aspect of global history is the emphasis placed on the environment, on nature, in the development and fate of societies across the centuries [START_REF] Mcneill | Something new under the sun: a global history of the 20 th century[END_REF][START_REF] Marks | [END_REF], 2016).

As in sociology, notions of flows or networks are therefore prominent in these kinds of historical analyses (historians also introduce concepts such as "webs" or "entanglements"). Another central notion in global history is synchronicity, which addresses the paramount issue of how events in one area of the world produces ripple effects in other parts, sometimes with great speed. Once strong ties and relations are established between continents through commerce, trade, circulation of ideologies and people, events in one area of the world will lead to effects in other parts of the world in proportion to the various degrees and types of interconnectedness. For global historians, this is captured by this concept of synchronicity. Wars, political or industrial revolutions, and any crisis in one country or region of the world can have worldwide consequences because of the level of relations that have been established through networks, structures, and systems of interdependence over time. Good illustrations of these realities are provided by studies of capitalism over the past five hundred years, focusing for instance on cotton [START_REF] Beckert | Empire of cotton. A global history[END_REF].

The advent of the global

Thus, the higher level of awareness experienced by sociologists at the end of the 20 th century that something like globalisation appears to be shaping societies, is in retrospect (thanks to historians), a matter of degree rather than novelty. In their historical perspective of the phenomenon of globalisation, Osterhammel and Petersson write, "one thing is very clear: the collapse of the Soviet bloc in 1989-91 did not signify the sudden emergence of a thoroughly new world; rather, the collapse itself was for the most part the result of globalizing forces that were observed in the 1970s" (Osterhammel, Petersson, 2003, 29). Thus, a deeper historical view supports a broader perspective to better see the nature, extent, and level of changes in interconnectedness over time. The global, through the concept of globalisation, is not a new reality but a newly established, explicit, debated, and visible analytical category for scholars as well as politicians, activists, and citizens.

Therefore, based on different empirical methodologies and theories, the development of a sociology and history of the global (e.g., Thrift et al, 2015[START_REF] Martell | Sociology of Globlalization[END_REF][START_REF] Conrad | What is global history?[END_REF] in the past 20 years combine to generate a greater understanding of how a process of interconnectedness has been slowly shaping everyday lives over time up to the present. The local, material, informational, cultural, and daily lives of people in various countries, regions, and continents are irremediably linked to "the global". Robertson introduced the neologism of "glocalisation" to indicate how forces beyond nations-states implies consequences at the local levels, while the reverse is true too (Robertson, 1992). Because of the extent of its influence, whether as employees, family members or as citizens, people must deal, knowingly or unknowingly, with its consequences.

The "global" has become an analytical category with causal relevance when describing social situations at the micro level, as well as at the meso or macro levels when considering organisations and institutions, for instance. Many organisations are indeed deeply embedded within global value chains (e.g. through externalising, offshoring, subcontracting, contracting out, joint venturing) which stretch across the world, and states and institutions are deeply enmeshed in bilateral and multilateral global governance schemes. Our current phase of digital expansion, and ecological degradation can only amplify this phenomenon.

3.4.

Sociotechnical systems and the global 3.4.1.

Core agents of interconnectedness

Some of the powerful drivers of the transformation towards "the global" are multidimensional; these include economic ideologies (e.g. free market, socialism, protectionism), political ideals (e.g. democracy, human rights, states) or social forces (e.g. nationalists, capitalists, consumers, workers) at the heart of the spread of modernity, capitalism, and states from the 19 th century into the 21 st century [START_REF] Bayly | The Birth of the Modern World, 1780-1914[END_REF]. In the midst of this, technology has also had a clear determining role. To study interconnectedness also means exploring the capabilities provided by technological developments underlying the advent of interconnectedness. An easy way to illustrate global interconnectedness often examines the technologies which made it possible over centuries: sailing ships, trains, telegraph, submarines cables, radio, antenna, television, satellites, boats, planes, internet. Osterhammel, studying the 19 th century, writes in comparison to the 20 th century that "the greatest surge of globalisation in the history of transport has thus been accomplished after Second World War, more specifically since the 1960s, when intercontinental flights have stopped being exclusively accessible to politicians, to big bosses and to the wealthiest" (Osterhammel, 2009, 968).

The same could be said with our current phase of digitalisation starting in the late 20 th century; paraphrasing Osterhammel, one could write that the "greatest surge in the history of communication has thus been accomplished after the end of the Cold War, more specifically since the 1990s, when internet stopped being exclusively accessible to military and academics". In this context, the sociotechnical systems of the 1960s and 1970s studied by Perrow, play an important role in these relations, contributing to the intensification of flows of people, data, capital, goods etc., but also to the flows of materials, chemicals, pollutants and wastes. In this respect, sociotechnical systems which were studied for the risk they represented (e.g., aircraft crash, nuclear reactor meltdown, toxic chemical release) by Perrow in the 1980s appear in a different light.

Globalisation has only meant more of (bigger) planes, more of (bigger) tankers, more of (bigger) informational infrastructures (e.g., digitalised finance -high frequency trading, cloud datacentres) (Goldin, 2017). And, as core agents of interconnectedness and "the global", they can also become a vehicle for threats, such as lethal viruses that are carried by travellers, or viruses of a new kind spread throughout the world wide web. Their status as enablers of "the global" changes to that of threats to "the global" through systemic or existential risks (Le [START_REF] Le Coze | Global Risks[END_REF].

Systemic risks are inherent to the global socio-engineered architecture of large technical systems or to infrastructures of flows, creating problems when these are interrupted, modified, altered, intensified, or diverted. Systemic risks therefore include financial risks, supply chain risks, infrastructure risks (transportation, energy, and internet), pandemics and health risks, inequality and social risk (Goldin, Mariasathan, 2015[START_REF] Goldin | Terra Incognita: 100 Maps to Survive the Next 100 Years[END_REF]. One particularly important empirical analysis was provided by the global environment historian [START_REF] Mcneill | Something new under the sun: a global history of the 20 th century[END_REF][START_REF] Mcneill | Something new under the sun: a global history of the 20 th century[END_REF]. The author argued that one global phenomenon of great significance in history is how human activities significantly have been altering the environment, especially since the middle of 20 th century. For McNeill, population and economic growths are the major drivers because they accompanied by the expansion of large technical systems with their environmental consequences.

In McNeill's studies, sociotechnical systems as we know them today become the agents of nature's transformation, degradation, pollution, and exhaustion. Dams, nuclear power plants, mines, refineries, pipelines, trains, ships, chemical plants (but also cars, tractors, chainsaws) are the tools in the hands of humans who transform the planet (air, water, soil and biosphere). For McNeill, the exploitation of fossil fuel energy, nuclear energy, and chemistry in large technical systems constitutes the biggest change in human history in view of its colossal impact on the environment. Ocean depletion, air pollution, deforestation, global warming, eutrophication of lakes and oceans, biodiversity loss, plastic pollution and so on -the expansion of sociotechnical systems which support population and economic growth through the exploitation of fossil fuels since the mid-20 th constitutes one of the most important global historical events of the 20 th century (along with the two world wars, decolonisation, the spread of democracies and states, or the collapse of the USSR).

It results in what is described as the anthropocene [START_REF] Mcneill | Something new under the sun: a global history of the 20 th century[END_REF]. Humanity acts as the equivalent of a geological force affecting the entire planet, and this has a rebound effect on humanity and sociotechnical systems. This creates something unseen in human history. McNeill writes (without any references to Perrow) about our current epoch, "all these variables are probably more tightly interactive than at most times in the past, so the total system of global society and environment is more uncertain, more chaotic than ever (…) many of the ecological buffers -open land, unused water, unpolluted space -that helped societies weather difficult times in the past are now gone" (McNeill, 2000, 358-359).

A change in scope, scale, and timeframe

This view of sociotechnical systems is established from another perspective Perrow's 1980s perspective [START_REF] Perrow | Normal Accidents, Living with High-Risk Technologies[END_REF]. Decades later, it is a radical change in scope, scale and timeframe3 . First, we introduce the new scope. At the time of writing his 1984 book, Perrow was interested in mainly catastrophic events (e.g. crashes, explosions, derailment, oil spills). Risks as described in this article are now associated with the global ecological impacts of sociotechnical systems (e.g. plastic pollution, global warming, biodiversity loss, wastes) but also to flows which create systemic threats (e.g. pandemics, financial crisis, terrorism). Second, this change in scope is combined with a change in scale. The localised aspect of most disasters studied by Perrow is now supplanted by the systemic and existential aspects associated with these systems when they are taken to the global level (with strong implications at the local level). And many of the problems arise from sociotechnical systems in their roles as core agents of our interconnected world. Their scale has become global because of their global consequences. Finally, the timeframe is also modified, as many of the risks created will be with us for decades and centuries to come (e.g., global warming, nuclear wastes). For these reasons, a proposition is to describe sociotechnical systems as global eco-sociotechnical systems instead, in a post normal accident narrative (Le Coze, 2020a).

Coupling and complexity at the global scale & safety

When the scope, scale and timeframe of sociotechnical systems studied by Perrow shift, it becomes clear from the preceding that the notions of coupling and complexity shift with them as well. This article describes a world which has become a place of greater coupling and complexity brought about by an intensified globalisation phase with its systemic risks (e.g. financial risks, supply chains risks, infrastructure risks), but also brought about by the anthropocene with its existential risks (e.g. global warming, pandemics). The prior notions of coupling and complexity are put to use again, now scaled up providing a new causal context for sociotechnical systems. Even though these categories provided interesting concepts for characterising high-risk systems forty years ago, they prove again to be pertinent for our contemporary era when scope, scale, and timeframe are readjusted to address the operation of global eco-sociotechnical systems. They however need to incorporate the aspects discussed and introduced so far (e.g., flows, interconnectedness, synchronicity). Guillén provides an example of this with his proposition of an "architecture of collapse".

An "architecture of collapse"

Guillén applies coupling and complexity (and buffers, slack) at the global level. This was initially based on an analysis of the financial crisis of 2007/8 (Guillén, Suàrez, 2010), which can be summarised as follows. In the context of neoliberal policies of the 1980s, deregulation of finance in the USA (and UK) created a background for financial innovations (e.g. collateralised debts obligations -CDO, credit default swaps, CDS) and risk taking (through perverse incentives) in increasingly large US banks and other financial institutions (through mergers and acquisition) competing in global markets. These companies made profits through sophisticated yet partly obscure and risky financial schemes (known as "toxic assets").

Regulations failed to correct financial risk-taking excesses, and because of polarised capital flows between exporters (e.g., China) and importers (e.g., US) at the global level, massive inflows of cheap money fuelled the financial business in the USA. One side of this flourishing expansion involved selling houses at low interest rates to low level income people in the USA -the sales being packaged in financial products held by various institutions. However, when rates went up, people could not afford to pay their mortgages and the resulting mass loan default exposed the American network of financial companies and beyond, resulting in devastating effects. The US had to bail out financial institutions described as "too big to fail". The crisis was not limited to the USA, and because of the financial globalisation of economies in the late 20 th century, it spread and had a tremendous impact with various degrees of intensity and differing effects across the in advanced (hence the Euro crisis) as well as emerging countries.

When expanding the scenario of the financial crisis to a broader argument, Guillén develops the notion of an "architecture of collapse" [START_REF] Guillén | The architecture of collapse. The Global System in the 21st Century[END_REF]. This notion is that the world has shifted to a greater level of instability as a result of its tight coupling and complexity. This idea also follows his previous book co-authored with Ontiveros which tracks "turning points" or "game changers" at the global scale (e.g. large and persistent financial imbalances, population ageing, urbanisation, unequal distribution of income, failed states, terrorism, obesity epidemic) which are likely to create what they conceptualise as "systemic disruptions" [START_REF] Guillén | Global Turning Points: The Challenges for Business and Society in the. 21st Century[END_REF]. To support this assertion, he reinterprets Perrow's two core notions, translating them to elaborate his analysis at a global scale. The argument is based on the distinction between nodes and flows, and the networks that they create. It is built as follows.

First, to understand today's global interconnectedness, one needs to recognise the increase in flows at the global scale in the past two to three decades (i.e., people, goods, capital, information) which structure current networks. Second, nodes -which are the states (countries or regions of states/countries) in Guillén's framework -are at the heart of these networks and are described as either "shock-absorbing" or "shock-diffusing". A shock-absorbing node is a democratic state with capacities, checks and balances and a diversified industry, which possesses the equivalent of the slack or buffers4 . A shock-diffusing node is a state characterised by an ageing population, increasing urbanisation, indebtedness, income and wealth inequalities, and exhibits vulnerabilities as a result. Third, networks are characterised by flows connecting nodes through account imbalances, state intermediaries (such as global value chains), foreign portfolio investments, currency trading, and cross borderbanking. Networks can be as shock-absorbing or shock-diffusing as the nodes themselves.

The nodes (shock-absorbing, or shock-diffusing), flows (generally increasing as a result of globalisation in the last decades), and networks (shock-absorbing or diffusing) are further characterised by the notions of coupling and complexity in Guillén's terminology (table 1). In his analysis, complexity applies to nodes and is characterised as a shock-absorbing feature that is positive. A complex state can cope with shock: it has buffers, redundancies. Complexity is also used a second time to characterise the increase in flows at the global stage, which creates expanding networks and can be shock-absorbing when many redundancies, diverse channels, and many ways of substituting flows for reconfiguring relations exist. One difference with Perrow, therefore, is that complexity also has a positive side in Guillén's analysis 5 . When nodes and networks are complex, they can absorb shocks, and need not only be the source of negative outcomes such as unexpected events or non-linear phenomena. In contrast, when the coupling is tight in a node, it creates shock diffusing properties. A tightly coupled network is also defined by flows without margins for error (following a just-in time, efficient design philosophy). The network is in this case shock-diffusing. A combination of shock-absorbing nodes and networks is better than a combination of shock-diffusing ones. A more complex mix of situations may occur in reality.

Logically and in principle, Guillén's propositions consists in strengthening nodes but also in decoupling them when possible to avoid shock-diffusing effects, or in diversifying networks so as to be able to reconfigure them when needed, and to mitigate the severity of consequences 6 . This elaboration is one example of scaling 5 Guillén accepts Perrow's view that the financial crisis is not a "normal accident" (Perrow, 2010), because deregulation served many private and political interests, at the expense of society. It was consciously created by people lobbying for such deregulations, not the unavoidable product of coupling and complexity. Perrow argued that "financial elites, to serve personal ends, crafted the ideologies and changed institutions, fully aware that this could harm their firms, clients and the public (…) complexity and coupling only made deception easier and the consequences more extensive" (Perrow, 2010, 309). 6 Another argument by Guillén is to increase diversity of practices, rather than promote isomorphic (neo institutional) processes.

up the notions of coupling and complexity. Its logic is clear and corresponds to this level of systemic risks created by nodes, flows, and networks at a global scale [START_REF] Goldin | Terra Incognita: 100 Maps to Survive the Next 100 Years[END_REF], with a focus on financial flows and the economy (Guillén, Suàrez, 2010[START_REF] Guillén | The architecture of collapse. The Global System in the 21st Century[END_REF]. It translates, expands, or stretches the notions of coupling and complexity beyond the original ideas to accommodate the terminologies associated with the shock-absorbing or diffusing properties.

Guillén's analysis is an analytical response to the 'global turn' in the 2000s, as much as Perrow's ideas of causalities in the 1980s were produced in the context of the advent of high-risk technology. The "architecture of collapse" is a conceptual tool to explore the features of today's world, which Guillén's applies to understand the backlashes of globalisation (i.e., financial crisis, failed states, terrorism, inequalities contributing to the rise of populism) following the election of Trump in the USA [START_REF] Guillén | Rude awakening. Threats to the Global Liberal Order[END_REF]. If its logic is clear, it comes nevertheless with a degree of abstraction, which is linked to the author's theorising intention and the macro level of analysis. It provides, however, a good illustration of the value and need, first, of thinking about interconnectedness at this level of analysis (i.e., flows, nodes and networks), and second, of the inspiration provided by the notions of coupling and complexity. In this article, another layer of flows, nodes, and networks has been considered and corresponds to sociotechnical consequences (through rising population and economic growth) for nature [START_REF] Mcneill | Something new under the sun: a global history of the 20 th century[END_REF] thereby establishing a connection between nature and culture, between earth and social systems [START_REF] Bonneuil | L'événement anthropocène[END_REF][START_REF] Latour | Facing Gaïa. Eight Lectures on the New Climatic Regime[END_REF]. This is a move from the "architecture of collapse" to the "infrastructures of collapse". The time for safety science research to explore such type of thinking seems ripe and has also become highly relevant in the context of Covid-19, to which we soon will turn.

Global events and safety: recalibrating causalities 4.2.1. Accidents as global events

The developments of this article concerning a "global turn", "systemic risks", "anthropocene", "existential risks", of an "architecture -and infrastructures -of collapse" made of "flows", "nodes" and "networks" revealing "shock-absorbing" or "shock-diffusing" properties through "coupling" and "complexity", indicate a new empirical and conceptual background for safety science research. Because of the level of interconnectedness and synchronicity reached in the past decades, the operational landscape of safety-critical systems has considerably changed, moving our contemporary era into new contexts (e.g., Le Coze, 2020a, 2020b).

Although globalisation is not entirely new and although safety has been connected somehow to global realities for as long as capitalism expanded across continents (Sellers, 2012), the trends associated with its more recent phase has profoundly modified the practices of companies and regulations. A new form of global capitalism has been gradually taking shape [START_REF] Kocka | Capitalism: a short history[END_REF] through trends such as financialisation, externalisation, standardisation, self-regulation, or digitalisation which have thus slowly reconfigured safety-critical systems over the past three to four decades toward digital, network, and global realities. These changes reformulated the conditions of high-reliability and safe performances so that they can now be understood as digital, networked and global realities (Le [START_REF] Le Coze | Globalisation and safety-critical systems in Europe[END_REF][START_REF] Le Coze | Safety as a network, digital and global reality[END_REF].

While the story of BP in the 2000s provided a good example of such global events [START_REF] Bergin | Spin and Spill. The inside story of BP[END_REF][START_REF] Hopkins | Disastrous Decisions: The Human and Organisational Causes of the Gulf of Mexico Blowout[END_REF], Boeing (737 Max crashes in 2018 and 2019) or Vale (dam collapses in Brazil in 2015 and 2019) provide more recent cases [START_REF] Robison | Flying blind. The 737 Max tragedy and the fall of Boeing[END_REF][START_REF] Saes | What misguides environmental risk perceptions in corporations? Explaining the failure of Vale to prevent the two largest mining disasters in Brazil[END_REF]. These disasters are global in many ways: first, because of their highly publicised aspect, involving top multinationals and exposing their frailties to the world thanks to the data made available after these disasters by news coverage and investigative commissions. The case of the 737 Max is now a film on Netflix, Downfall, released two years after the crashes and adding this story to popular culture. Second, they are global because of the reach of multinationals. They span and involve several countries, nationalities, peoples, and types of risk exposure (local populations and environmental pollution in the case of the dam collapses, passengers from around the world in the cases of the 737 Max crashes). This is of course not really new but has only been intensified over the past decades.

Third, they are global because they reveal how the trends reflecting the last wave of globalisation and global capitalism have reshaped decision-making contexts at the highest levels of multinationals (i.e., financialisation, "shareholders' return on investment", Kay, 2015). They have also compelled them to reshape their organisational configurations which rely on complex global value chains made up of joint ventures, outsourcing and subcontracting (e.g., "networks of networks" properties, Dickens, 2015). These value chains also contribute to the increase in flows leading to "network failure accidents" (complementing the "component failure accidents" of Perrow, see Le Coze, 2020a). Multinationals are also core agents of our current interconnectedness. Without these publicised catastrophes, such trends and their implications are often left unexposed or unchallenged. Indeed, their relationships with safety are not much investigated in an integrated fashion (Le [START_REF] Coze | Globalisation and High-Risk Systems[END_REF]Coze, , 2020a)). One reason for this is that such globalised processes take time to be deciphered and exposed by researchers and disasters often provide the only empirical and clear opportunities to do so (e.g., [START_REF] Hayes | Nightmare pipelines[END_REF]. This applies also to Covid 19.

4.2.2.

Covid-19 as a global event

Covid-19 is one of these global events with obvious and less obvious implications for occupational health and safety that helps reveal the nature of the systems that made Covid-19 possible. It shows the level of coupling and complexity at the global scale which has been discussed in this article. With Covid-19, the global is made suddenly more visible, explicit, and tangible, with all accompanying consequences and needed adaptations. The nodes, flows and networks plus the shock-diffusing and absorbing properties conceptualised by Guillén's analysis, and following Perrow, provide inspiration when exploring this event. A good place to start is to understand Covid-19 as an expression of the anthropocene, from the perspective of economic and population growth which promotes deforestation and transforms the relationship between wildlife and humans. Deforestation as we know it today is only possible through the power of fossil fuels harnessed and transferred into chainsaws and trucks designed to cut down and remove trees with greater speed and extent compared to any previous era, as explained by global environmental historians [START_REF] Mcneill | Something new under the sun: a global history of the 20 th century[END_REF].

This intensified incursion of humans into tropical forests bring them closer to viruses carried by wild animals (this remains true, regardless of the true origin of Covid-19). As a result, the level of complexity and coupling, of likelihood of transmission from animals to humans increases, a phenomenon known as "zoonose". Once a virus is transmitted, the speed with which people travel across the world for businesses or work by planes (but also by sea) that connect growing cities on different continents, can spread it very quickly. This high level of coupling between cities through flows of people is one key engine of as we know it, and at the core of the pandemic. Pandemics have always been good indicators of interconnectedness, spreading over a period of years to months in previous centuries, days to hours in our contemporary world [START_REF] Capdepuy | 50 histoires de globalisation[END_REF] The responses of states, companies, experts, and civil societies have been a determining factor when faced with the uncertainties, complexity and ambiguity of the dynamic of the pandemic. The lockdown based on expert simulations, aviation stops, and border controls were the most drastic response to mitigate the pandemics by states.

If followed a strategy of global decoupling of people and viruses inside and outside countries, to limit the shock-diffusing properties of the situation. The nodes (states) played a central role, and their effectiveness depended on their capabilities; this included hospitals' ability to handle the inflow of patients (e.g., level of public infrastructure available), political processes put in place to address the crisis and facilitate swift decision making (e.g., democratic, authoritarian), and measures to protect their economies (borrowing by states). These responses characterised their shock-absorbing abilities and were very different across the world (Boyer, 2021). Population age, level of urbanisation, and inequalities in revenues and health were aspects of the shock-diffusing properties of these nodes, with a higher health impact in poorer urban areas.

While these responses relieved some of the pressure on the medical sector, years of austerity and new public management (NPM) in some countries left hospitals without much slack or buffers to handle the crisis. On top of this, masks and drugs were not available as needed because of the tensions created in global medical supply chains. Most western countries had no local supplies of masks and the same applied to the reserve of strategic drugs (e.g. curares). Medical staff lacked masks, let alone the general population, which limited the options states had in containing the pandemic and protecting medical employees. This situation was a big problem for employees in vital sectors who had to cope with the situation sometimes without enough personal protective equipment (PPE) and/or with complex work arrangements making it difficult to maintain social distances during their activities (e.g. supermarket, garbage collection). This level of tight supply chain coupling led to shock-diffusing problems since it was impossible for suppliers to respond positively to all the requests (e.g. see Gereffi, 2020 for the US context).

The multilateral coordination by the World Health Organisation (WHO) suffered from the politicised context of rivalries between US and China and Europe in the middle, thereby exposing the complexities of building concerted actions at a global level in such a tightly coupled situation [START_REF] Boniface | Géopolitique du Covid-19. Ce que nous révèle crise du coronavirus[END_REF]. The concerted actions also required the contribution of the private sector to develop the vaccines needed to find a way out of the pandemic. This in turn demonstrated the importance of and the dependence on technology/science which is in the hands of multinationals with differing strategies but it also revealed the speed with which the global coordination of scientists was able to identify the genetic code of the virus [START_REF] Brandt | La globalisation à la croisée stratégies organisationnelles et des institutions nationales[END_REF]. With such an event, which shows in full scale the interconnectedness of the world, large technical systems and infrastructures played a central role, showing the change in scope, scale, and timeframe introduced in this article. They played several parts as agents of the pandemics (e.g., fast transport of virus) and as solutions (e.g., pharmaceutical companies, hospitals, transport, of material). The safety of these large systems has also accommodated new work patterns which had to be reconfigured in real time to downscale or maintain a minimum of activities in chemical plants, in mines, in refineries, in railways or marine transport. This ability to react in real time is yet to be empirically investigated (for healthcare during the pandemic, see Waring et al, 2021).

How the network properties of many companies which rely on myriad of suppliers, contractors and offshored activities managed to go through Covid-19, and the implication for the activities of employees in terms of their health and safety, including mental health, is an important question. The digital capabilities to reorganise work played a central part in this crisis, with increased use in working from home when possible, thus contributing to the shock-absorbing capabilities of companies. The consequences on teams' coordination, identities, and collaboration are yet to be explored and understood. From a process safety point of view, Covid-19 also had implications in real time reconfigurations of practices which are yet to be described and analysed too. The full-scale synchronicity as conceptualised by global historians [START_REF] Conrad | What is global history?[END_REF] due to the interconnectedness of our contemporary era has been experienced and explicitly perceived by all to be of an unprecedented intensity. During Covid-19, tight coupling and complexity were experienced at the global level, with flows, nodes, networks, interconnectedness, and synchronicity as important analytical descriptors.

Discussion

Covid For this Covid-19 has fuelled discussions on deglobalisation and decoupling. Decoupling in terms of flows, decoupling in terms of the human impact on the environment. Voices against the unrestrained dynamics of globalisation and its negative consequences did not have to wait for Covid-19 to emerge in the wake of the rise of populism, and the degradation of nature [START_REF] Geiselberger | The great regression[END_REF], but Covid-19 helps to further legitimise these critiques (AmCham, 2021). Whether the decoupling agenda succeeds or not, our digital, ecological, and global world is bound to remain a hyperconnected one, and the need to combine nodes characteristics, flow diversity and networks configurations is probably a relevant and important analytical proposition. The digital is certainly one area in which such properties and their implications for safety need to be explored; this prominently includes the topic of cybersecurity. The growth of informational infrastructures deeply reconfigures societies (Le Coze, Antonsen, 2022).

As argued in the second section of this article, Perrow's categories of tight coupling and interactive complexity together made sense in the 1980s: the absence of substitutions, delays, redundancies, buffers or slack (tight coupling) combined with unexpected failures due to partial understanding of processes which exhibit positive and negative feedback loops without direct access to information in control rooms (interactive complexity) could, from time to time, lead to disasters. In the 2020s, they still make sense but notions of flows, nodes, networks, interconnectedness, and synchronicity help shift the categories to a global level. Negative and positive feedback loops of unexpected and partially known processes characterising interactive complexity occur at a global level as much as tight coupling (delays, buffer, slack, redundancy) does. The scaling up of coupling and complexity, with some adaptations, is a core feature of our contemporary era.

Conclusion

This article contributes to the special issue on safety and security in a hyperconnected world. It recognises the importance of adapting a safety science research perspective to a distributed risks environment, as argued in the call for papers for the special issue. The assertion of the paper is that coupling and complexity by Perrow can be a source of inspiration to explore causalities in a hyperconnected world at another level of analysis. Perrow used these two categories in the 1980s for conceptualising the possibility of surprises arising in highly sophisticated and unprecedented engineered systems such as nuclear power plants or commercial aircrafts. Forty years later, the 'global turn' in research (e.g., sociology, history, economy, anthropology, geopolitics, geography) and current events (e.g. global warming, covid-19, Ukraine war) have reinforced the realisation that understanding societies requires incorporating another level of causality. Core ideas of interconnectedness, flows, and synchronicity have been developed to do so, describing the processes by which a diversity of flows shape the dynamics of societies to an extent unexperienced in previous (global) eras.

Interconnectedness also includes nature, and the other realisation at the global scale is that economic and population growths based on fossil fuel exploitation considerably alter (through extraction, pollution and degradation) the air, water, soil, atmosphere, and biosphere. These global realities lead to the characterisation of systemic and existential risks. They result from the extension of many of the sociotechnical systems which Perrow singled out in the 1980s (e.g., commercial aviation, shipping, refineries, mines, pipelines, nuclear power plants) and which have become, forty years later in the 2020s, the agents of interconnectedness with their associated risks. In this new framework, their scope, scale, and timeframe have evolved to accommodate this global perspective and to reveal their positions in this new reality. For this reason, it is argued that they are best described as global ecosociotechnical systems.

The change in scale towards the global is captured by the description of an "architecture of collapse" based on the 2007/8 financial crisis. This description was then extended by Guillén into a more general analytical model. The new framework is made up of nodes, flows, and networks exhibiting shock-absorbing and shockdiffusing properties and accommodates Perrow's notions of tight coupling and complexity. It constitutes a first explicit contribution serving as a source of inspiration for further developments. It helps recalibrate causalities in safety. The covid-19 pandemic, in addition to other global events such as the disasters of multinationals (e.g., BP, Boeing, Vale), provides an opportunity to explore some of the implications of the "architecture -or infrastructures -of collapse" description devised by Guillén to understand some of the properties of our contemporary era.

Combining flows, nodes, and networks, shock-absorbing and shock-diffusing properties of a tightly coupled and complex world (which includes nature), Covid-19 offers a unique view of the interconnectedness and synchronicity introduced and discussed in the article. Although the implications of Covid-19 are far from understood and are yet to be empirically studied, it provides one of the most recent and radical illustrations of what it is to be part of a hyperconnected world. Whether discussions on decoupling will be influential in the future in mitigating shock-diffusing

  [START_REF] Stanziani | Les entrelacements du monde. Histoire globale[END_REF]. With a deeper sense, interest, and knowledge of the past than espoused by sociologists, the notion of globalisation for historians refers to various stages of interconnectedness in the history of the world(McNeill, McNeill, 2003) 2 . They can refine what sociologists cannot, explaining change as time unfolds across centuries, proposing stages of globalisation based on a broader, yet empirical, view of the past. What seems to be a specific feature of the late 20 th century for sociologists appears to be something with roots further back, when global connections were first established across continents with the European expansion in the 16 th century.

Table 1 .

 1 Guillén's use of coupling and complexity at the global scale

		Characteristics	Features	Categories
			Democratic state with	
	Nodes	Shock-absorbing	capacities, check and balance and a diversified	Complexity
	(states/countries,		industry Ageing population,	
	regions)	Shock-diffusing	urbanisation growth, indebted, income and	Tight coupling
			wealth inequalities	
			Account (im)balances,	
	Networks	Shock-absorbing	global value chains), state intermediaries (i.e.,	Complexity
	(flows between		foreign portfolio	
	nodes)	Shock-diffusing	investments, currency trading and cross border-	Tight coupling
			banking	

  -19 is a global event, a global risk that has materialised (Le[START_REF] Le Coze | Global Risks[END_REF]. It is a concrete systemic (and potentially existential) phenomenon. One argument of this article is that Covid-19 helps us realise that causality in safety science research must be scaled up to better analyse our contemporary situation, to better understand the consequences of the new operating landscape and to address the question, "how can distributed risk in a hyperconnected world be analyzed and modelled?". The value of an event like Covid-19 is to illustrate empirically what can be very challenging to do otherwise in view of the scale of the phenomenon being analysed. Note that it is also the case for other global events, such as disasters, though the BP or Boeing cases involved global trends (e.g., financialisation, externalisation and digitalisation) more than global flows.

	Now that the complexity and tight coupling of our world has been clearly revealed,
	we realise that what is taken for granted, namely the smooth operations of global
	processes, can collapse, and requires greater consideration for the possibility of
	systemic and existential events. As described by Clark-Ginsberg et al, "COVID-19
	evolved into a pandemic precisely because the highly networked nature of global
	travel, infrastructure and social and technological systems allowed rapid
	propagation of a virus, with the system designed to work relatively well for steady
	state or normal operating environments, not an unusual event" (Clark-Ginsberg, et al
	2021).

Both Beck and Giddens associated risks, modernity, globalisation and reflexivity in a sociological perspective and the difference with this article is one of emphasis, with coupling, complexity and the management, regulation and governance of large technical systems as initially developed by Perrow at the core of the sociological perspective (seeLe Coze, 

2023). The value of Perrow's analysis in

There is a distinction between 'world history' and 'global history'. The former covers the history of humanity across the ages, the latter focuses on the past five hundred years of increased interconnectedness across the globe.

Schulman and Roe develop a similar argument within the high-reliability organisations tradition[START_REF] Schulman | Extending reliability analysis across organizations, time, and scope[END_REF] but it is a broader than the one developed in this article.

One popular term associated with this shock absorbing property is resilience.

 Thrift, N., Tickell, A., Woolgar, S., Rupp, W, H. 2015