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The Role of War in Deep Transitions: 
Exploring Mechanisms, Imprints and 
Rules in Sociotechnical Systems    
 

Phil Johnstone, Caitriona McLeish, Science Policy Research Unit (SPRU), University of Sussex. March, 2020.  

Abstract 
 

This paper explores in what ways the two world wars influenced the development of sociotechnical systems 

underpinning the culmination of the first deep transition. The role of war is an underexplored aspect in both the 

Techno-Economic Paradigms (TEP) approach and the Multi-level perspective (MLP) which form the two key 

conceptual building blocks of the Deep Transitions (DT) framework. Thus, we develop a conceptual approach 

tailored to this particular topic which integrates accounts of total war and mechanisms of war from historical 

studies and imprinting from organisational studies with the DT framework’s attention towards rules and meta-

rules. We explore in what ways the three sociotechnical systems of energy, food, and transport were affected by 

the emergence of new demand pressures and logistical challenges during conditions of total war; how war 

impacted the directionality of sociotechnical systems; the extent to which new national and international policy 

capacities emerged during wartime in the energy, food, and transport systems; and the extent to which these 

systems were influenced by cooperation and shared sacrifice under wartime conditions. We then explore what 

lasting changes were influenced by the two wars in the energy, food, and transport systems across the 

transatlantic zone. This paper seeks to open up a hitherto neglected area in analysis on sociotechnical 

transitions and we discuss the importance of further research that is attentive towards entanglements of warfare 

and the military particularly in the field of sustainability transitions.   

  

1. Introduction: Deep Transitions and war 
 

Deep transitions are “a series of connected and sustained fundamental transformations of a wide range of socio-

technical systems in a similar direction” where “examples of this directionality include a move towards increased 

labour productivity, mechanization, reliance on fossil fuels, resource-intensity, energy intensity, and reliance on 

global value chains” (1, p.1045). The Deep Transitions (DT) framework combines a focus on ‘great surges of 

development’ from Techno-Economic Paradigms (TEP) approaches (2,3) and sociotechnical perspectives from 

sustainability transitions that use the Multi-Level perspective (MLP). The first deep transition refers to the long-

term emergence of industrial modernity entailing continuity between great surges of development from 1771 to 

1971 which saw the emergence of “unprecedented levels of wealth and welfare in the Western World” in the 

post-Second World War era (1, p.1046). 
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A key point of analysis in the DT framework concerns the role of wars in the emergence of the first deep 

transition (1,4). The ‘fourth surge’1 (between 1908-1971) constitutes the final wave in the development of the first 

deep transition which spans both world wars. In the TEP approach, the Second World War is recognised as 

forming part of a ‘turning point’, between the ‘frenzy’ stage towards stability and maturity seeing the full 

deployment of a high growth mass consumer society coordinated by the mass production paradigm (2,3,5). 

However, world wars are considered exogenous and are only given limited consideration as a focal point of 

analysis. As Schot and Kanger point out, the TEP approach “largely neglects the role of exogenous events such 

as wars” where “the impact of macro-events…[including wars].. on the dynamics of surges warrants closer 

attention” (1, p.1051). 

The TEP framework does refer to the importance of the world wars in influencing far-reaching institutional 

changes such as the welfare state and the empowerment of trade unions, the mass mobilisation of science, and 

international institutions (6). In this regard, discussions of world wars in the TEP chime with historical accounts 

elsewhere highlighting the transformational impact of world wars in influencing widespread institutional change 

(7–18). However, although accounts of the fourth surge identify important developments in the domains of 

energy, food and transport (see table 1) including new technologies, industries, and infrastructures, there is 

limited attention regarding how transitions in these areas came about and connect with the wider paradigmatic 

shifts identified in TEP accounts, and particularly how they were affected by war. Thus, a connection between 

transitions in technologies, industries and infrastructures and these far-reaching institutional developments is 

generally underdeveloped, both with regards to the TEP and wider historiographies that tend to be focussed on 

social or political systems (19).  

This is where the other theoretical strand of the DT framework comes in. Drawing on the MLP and a focus on 

sociotechnical transitions, the DT framework places more emphasis on how developments in domains including 

energy, food, and transport are pivotal in the emergence of great surges of development. However in the MLP 

framework, war is characterised as an ‘external shock’ and remains largely unexplored in terms of the influence 

on sociotechnical systems (20–23).  We address this research gap, asking the central question: what is the role 

of the world wars in the development of sociotechnical systems underpinning the first deep transition?  

Table 1: The fourth surge from 1908: age of oil, the Automobile and Mass Production in the USA and spreading to Europe 

 

 

However, undertaking an exploration of this question requires opening up the ‘black box’ of the external 

landscape events of World War I and II, in terms of understanding in what ways these two wars may have 

influenced sociotechnical systems in ways that were different to peacetime. The need to open up the black box 

of the exogenous and external periods of world wars can be understood by turning attention to the definition of 

 
1 The dates of the fourth surge are based on the invention of mass production in 1908 as the first ‘Model T’ automobile came out of Ford’s 

factory in Detroit, Michigan (6).  The date 1971 signals the beginning of the fifth surge when the Intel microprocessor was announced in 
Santa Clara, California (3).  
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sociotechnical systems. In the DT approach a sociotechnical system is defined as a “…configuration of actors, 

technologies and institutions for fulfilling a certain societal function” (1, p.1045). As Geels also notes, socio-

technical systems are defined by “the fulfilment of societal functions” embodying technological artefacts, 

resources, and materials, and actors that maintain and change the system and rules and institutions guiding 

activities” (24, p.898). A key aspect of sociotechnical systems is that innovations within the system are driven in 

part by the solving of problems in delivering societal functions (25), which generate the search for new 

sociotechnical solutions leading to innovation (26). The DT framework similarly argues that the first deep 

transition emerged from the second half of the 18th century and unfolded in response to pressing societal 

challenges related to the delivery of meeting societal needs influencing change in sociotechnical systems, while 

producing new problems which influenced the emergence of a crisis in the first deep transition in the 1970s (4). 

These two points – the function of sociotechnical systems and change in sociotechnical systems being partly 

generated by problem solving – are affected by conditions of war. 

 These two world wars were ‘total wars’ (27–33) where rather than conflict being confined to a dedicated military, 

large parts of industry and society are mobilised as part of the war effort. As Van Creveld writes, total war 

demanded the efficient control of entire systems, where “war itself extended its tentacles deep to the rear, 

spreading from the trenches into the fields, the mines, and the factories” (34, p.164). Thus, the directionality of 

sociotechnical systems in terms of their function were reoriented towards wartime imperatives. These wars were 

on a much larger scale to previous wars, were reliant on immense fire power and industrial resource, and 

entailed changing conditions of bombardment and disruption which generated unprecedented problems and 

challenges (31,35,36). Thus, for industry, engineers, policy makers and scientists involved with particular 

sociotechnical systems, the ‘environmental’ conditions (37) or ‘working world’ (9) in which they operated was 

radically different from peacetime. In conditions of total war, ‘civil’ sociotechnical systems were entirely 

enmeshed within the omnipresent system of the war machine which spread its tentacles into every nook and 

cranny of the economies and societies of belligerent nations. Yet, what the influence of the conditions of total war 

was on the sociotechnical systems of energy, food, and mobility and the culmination of the first deep transition, 

both in terms of the specific time period of each world war and longer term change, remains under-examined. 

To address this point, we conduct an interpretive analysis based around the development of a novel conceptual 

approach. The conceptual approach is based around three stages: mechanisms of total war from historical 

literatures (14,32) to understand in more detail how energy, food, and transport were affected during wartime; 

notions of imprinting (38) from organisational studies to assess the extent to which the particular environment of 

total war influenced subsequent developments in each sociotechnical system in peacetime; and, building on the 

first two stages of the analysis we discuss the role of these wars in influencing the development of rules and 

meta-rules, integrating our analysis back into the DT framework. We review key literatures to build this analysis 

that offer different entry points into the precise topic of world wars and sociotechnical systems. This includes 

literatures focussed on historical accounts of particular technologies and innovations relevant to each system 

(39–43); more general themes including institutional and political transformations occurring as a result of the 

world wars (13,44,45); mass mobilisation in total war (27,29,46–48); the role of science in war (9,18,49–52); 

accounts focussed both on the European (53–57) and North American context (27,46,58–60); and important 

transnational spaces and developments (61,62).  

It is worth noting upfront that this paper does not attempt to present a definitive account of how these three 

sociotechnical systems were influenced by the world wars. This would be a foolhardy endeavour given that there 

are entire books and indeed historical fields focussed on a particular war or the particular wartime experience of 

a single country. The aim of this paper is to open up discussion of a notable research gap (the impact of 

‘external’ or ‘exogenous’ total wars on sociotechnical systems) and fill in a particular part of the puzzle of the 

overall DT framework. Given the hitherto underexplored nature of this particular topic in sociotechnical transitions 

research, this paper seeks to contribute and open up new directions of research rather than providing a complete 

account of this far reaching topic. Conceptually, this paper also contributes to unpacking the residual landscape 

category of the MLP, and beyond sociotechnical transitions offers an account of institutional change influenced 
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by war that is rooted more in the material, technological, and logistical challenges of war rather than prioritising 

grand narratives based on social or political systems (1).  

The paper proceeds as follows. In section 2 we discuss how war has been characterised in TEP and MLP 

approaches that underpin the DT perspective as well as related literatures on innovation, science and 

technology. In section 3 we discuss our methodological approach and how our research followed an approach 

influenced by ‘systemic combining’ and an abductive perspective tailored to the particular research question 

regarding the effects of total war on sociotechnical systems. Section 4 focusses on an empirical narrative 

regarding broad developments across the transatlantic zone in relation to the two world wars and the 

sociotechnical systems of energy, food, and transport outlining both the degree of persistence of war time 

imprints, and the role of the wars in influencing the development of rules and meta-rules. We conclude with a 

discussion of our key findings and further points of discussion, highlighting the importance for sustainability 

research of confronting the enduring influence of war and the military on sociotechnical systems.  

 

2. War in Techno-Economic Paradigms and sociotechnical 

transitions 
 

In this section we briefly discuss how war has been considered in TEP and MLP approaches and related fields. 

With regards to TEP, Perez notes that the Second World War played a key role in the initiation of the fourth 

surge where which saw manufacturing for this increasingly motorized war “…fully utilis[ing] and expand[ing] the 

potential of the installed mass-production paradigm” (2, p.126). World war also served as a “dress rehearsal” for 

state intervention and state-industry collaboration where “the policies of the welfare state were fully accepted” in 

the post war period. The Second World War is therefore considered part of the ‘turning point’ which is said to 

have begun with the Green New Deal in the USA in the 1930s turning a period of ‘frenzy’ into one of ‘synergy’ 

and ‘maturity’ with an unprecedented period of rapid and stable economic growth in the transatlantic zone until 

the 1970s (2). Elsewhere, in a discussion of ‘K-waves’, Coccia (63, p.287) highlights that warfare “…generates 

huge demand-side effects and powerful supply-side effects” that are pivotal in the rapid diffusion of new 

technological innovations, building on ongoing debates in this field where hegemonic wars have been analysed 

both as a cause and consequence of economic fluctuations (64). This focus on ‘demand-side effects’ and ‘supply 

side effects’ in work related to TEP approaches offers a useful launching off point in turning attention towards the 

particular pressures that are exerted on sociotechnical systems underpinning the ‘fourth surge’. 

In more historic accounts of sociotechnical transitions drawing on the MLP, wars and the military are only given 

limited attention in terms of being important in stimulating the use of certain technologies and shaping 

technological trajectories (65–67). However, often the world wars are discussed as temporal markers  

highlighting important changes before and after war, however the role of war in initiating these discontinuities are 

not explored (68,69). Thus, the world wars are ‘black boxed’. Indeed, war is often mentioned in passing as a key 

example of a landscape ‘shock’ (20–22,66,70) but the dynamics of sociotechnical change during these shocks 

remains unexamined. This lack of attention to wars, is part of a broader trend where landscape factors are 

generally residual in MLP-based analysis of sociotechnical change, and the main focus of attention is on niche-

regime dynamics (71). Figures 1a and b point to where war is situated within both the MLP and the TEP, 

predominantly as an external landscape shock in the MLP, and as an exogenous event contributing to a turning 

point in TEP. However, to begin to understand the role of war on sociotechnical systems it is important to 

develop and understanding of how the dynamics of wartime differ from peacetime.  
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Fig.1a: war and the military in the MLP   Fig.1b War and the military in TEP 

Source: Geels 2011 (20)    Perez, 2007 (72). 

 

One promising starting point is found in earlier accounts of the MLP, where the key role of war in sociotechnical 

change was recognised and specific reference made to the different ‘environmental’ conditions of wartime. Rip 

and Kemp outline that: 

“Many so-called technological breakthroughs were achieved in wartime…the technological variety on 
which to build was often already available and is sometimes developed in niches (e.g., polymeric 
materials before the Second World War), but a different kind of selection environment was 
necessary”(37, p.362). 

 

Rip and Kemp go on to point out that ‘science push’ and ‘demand pull’ are not sufficient to explain technological 
breakthroughs but that it was their “…mobilization and recombination that allowed the radical innovation.” (37, 
p.362). This point implies that what is crucial to the development of the particular innovation or niche in question 
is the radically changed environmental conditions experienced during wartime that created an entirely new 
selection environment. However, despite recognition of the pivotal effects of wartime on technological 
breakthroughs, these ideas were not explored further in MLP accounts of sociotechnical change. 

However, looking beyond the MLP to some of the theoretical areas on which it builds such as Science and 

Technology Studies and innovation theory, there has been notable attention towards the different dynamics 

experienced during wartime and the effects this had on technological developments. A key example is the work 

on Large Technical Systems where Hughes highlights how the First World War and the immense pressures to 

sustain adequate electricity supply shaped the development of large electricity grids (73). In an analysis Atlantic 

Automobility Mom offers a detailed account of how the search for solutions to the particular logistical challenges 

in keeping the front lines adequately supplied during the First World War had important effects on the 

development of the automobility system (74) Elsewhere, Schot and Rip highlight how the First World War was 

crucial in the development of industrial modernity in the Netherlands (75). Some of the key concepts often drawn 

on in research utilising the MLP have focussed on wartime and military influence, including Cowan’s study of 

technological ‘lock-in’ and nuclear power (76). In innovation theory and evolutionary economics the importance of 

the Second World War in establishing the conditions for ‘big science’ and a rapid increase in R&D spend has 

been discussed (5,49,77–82), as has the enduring influence of the ‘Military Industrial Complex’ during the Cold 

War and technological “spin offs” resulting from large scale military research programmes (83–85). In the subfield 

of the history of science and technology, more materialist accounts of scientific and engineering activity highlight 

the role of war in stimulating new centrally coordinated ‘big science’ based around mission-oriented frameworks 

(9,10,17,19,50–52,86)  
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We build on these more materialist accounts of wartime activity; however, this paper is focussed on broader 

sociotechnical systems rather than individual technologies, innovations or the role of science and R&D (14).  We 

aim to integrate literatures on sociotechnical transitions with literatures related to wartime activity, to build a more 

comprehensive approach to understanding the broader effects of total wars on sociotechnical systems and the 

emergence of the first deep transition. Given the neglect of war in TEP and MLP, to answer this question 

requires the development of a conceptual approach that is attentive to the specific environmental conditions of 

total war, understanding the lasting effects of war on sociotechnical systems, and the relationship between these 

wars and the development of rules and meta-rules, integrating our research with the overarching DT framework. 

We now discuss the development of this conceptual approach.   

 

3. Methodological and conceptual approach 
 

3.1 Interpretive analysis and systemic combining 
 

The question of the influence of world wars on sociotechnical systems presented several challenges. These 

challenges were central in guiding the search for literatures outside of TEP and MLP approaches which 

contributed to our conceptual framework. The first challenge was that there was no existing analysis of war at the 

level of sociotechnical systems. Accounts of the transformational effects of World Wars tend to focus on broader 

social, economic, institutional and political developments (44,45,87–92), developments related to science and 

warfare (9,93–96), or particular national mobilisation efforts and their transformational effects (27,29,46,47,97). 

On the other hand, there are more particular histories focussed on a specific technology or ‘sub-system’ (such as 

the car or oil), that included important developments during wartime (98–102). Thus, in order to build a system-

level analysis (that takes in to account various industrial, technological, economic, policy and political 

developments), it is necessary to draw on and combine insights from these different entry points. A second 

challenge was the need to understand the specific dynamics of world wars and how these differ from peacetime, 

given that Rip & Kemp amongst others have highlighted that war influences sociotechnical systems in ways that 

are very different to peacetime, however the dynamics of war are not discussed in detail. A third challenge 

relates to the most suitable conceptual focus for interpreting continuity and discontinuity in terms of how 

sociotechnical systems had changed as a result of war. 

These challenges guided the development of a conceptual framework, and thus the approach undertaken in this 

paper can be understood as a process of ‘systematic combining’ (103,104). Here, the usually hidden road blocks 

and turning points in the research process have been vital in guiding both strategy for collecting and analysing 

key literatures, and the emergence of a conceptual approach. As Dubois & Gadde (103, p.559) outline, “the 

original framework is successively modified, partly as a result of unanticipated empirical findings, but also of 

theoretical insights gained during the process”. This seemed the best approach, given that there was no prior 

framework available to answer our particular research question. Thus, our research did not follow a linear model 

whereby a conceptual framework was established and applied, but rather was a process where through a series 

of different stages of literature review, a conceptual framework emerged that could fit and contribute to our 

research question. In keeping with the evolving DT framework, the approach of this paper can also be 

understood as a form of ‘appreciative theorising’ where the conceptual framework is a ‘tool of enquiry’ that bends 

to fit the problem (1).  

The first stage of this process was to find a ‘way in’ to sociotechnical accounts of the world wars. Keyword 

searches for individual technologies and the world wars – rather than searching at the level of an entire 

sociotechnical system  – produced relevant historical accounts. This included accounts of the historical 

development of the car, the canning industry, and the oil industry in the 20th century, that included sections 

dedicated to wartime developments.  
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Drawing on the DT framework’s attention towards directionality, and in particular emergence, stabilisation and 

acceleration, we constructed a series of vignette style narratives for developments in various ‘sub-systems’ (such 

as nuclear energy, the tractor, airplanes) which were organised by what occurred before the First World War; 

during the First World War; during the interwar period; during the Second World War; and what occurred in the 

post Second World War period. A further organising principle in these vignettes involved looking at different 

aspects of a sociotechnical system, including consideration of markets and user preferences, industry, science, 

policy, culture, and technology (4). The vignettes highlighted both the breadth and diversity of potential impacts 

the World Wars had on specific technological trajectories.  

The findings of these vignettes were presented and stress-tested at a workshop held in June 2018 attended by 

16 leading academic experts from security studies, history, and STS. A world café format session took place 

during this workshop, structured around group discussions on the impacts of world wars on energy, food, and 

transport, which identified gaps in our existing accounts. We obtained recommendations of further examples to 

consider and further literatures to consult, including the effects of ‘total war’ which became important in 

structuring our analysis. The research which followed this workshop led to further reading on notions of 

‘mechanisms of world wars’ which provided a useful framing device for understanding how total wars differ from 

peacetime. These mechanisms were adapted to analyse and organise empirical examples of wartime 

developments relevant to the three sociotechnical systems. 

 Through additional reading around continuity and discontinuity in technological, organisational and institutional 

change, the approach of imprinting was discovered which seemed a more appropriate fit for the task at hand 

compared to notions of ‘lock in’ or ‘path dependency’ which we explain in the next section. Overall, a large 

corpus of literature had been gathered (N 160) that approached the topic from different entry points bridging 

between particular technological developments and industrial, institutional, and political developments to 

construct system-level accounts. The different kinds of literature used can be loosely summarised as follows: 

historical accounts of the development of particular technologies during relevant time periods; historical 

literatures focussed on the events of the two world wars; transformations resulting from wartime focussed on the 

welfare state and other social and political issues; historic literatures on particular countries and their wartime 

mobilisations, and additional resources including online archives. Wherever possible, reference to official policy 

documentation was also used contributing to the plausibility of our interpretive analysis.  

Finally, the two-stage accounts of sociotechnical change in energy, food and transport based on mechanisms of 

war and imprints, formed the basis from which we propose a series of rules and meta-rules and how the world 

wars influenced their development, integrating our analysis into the DT framework. The overarching research 

question was developed through the different stages of analysis discussed above, underpinned by three sub-

questions as follows: 

- What is the role of the world wars in the development of sociotechnical systems underpinning 

the first Deep Transition? 

o How were sociotechnical systems impacted by mechanisms of total war? 

o What lasting imprints did these wars have on sociotechnical systems? 

o What is the role of these wars in the development of rules and meta-rules in sociotechnical 

systems? 

We now discuss the different conceptual building blocks that we use in more detail. 
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3.2 Conceptual lenses: mechanisms of war, imprints and rules 

3.2.1 Mechanisms of total war 
 

During the First and Second World Wars, entire economies and societies, rather than just dedicated militaries, 

were mobilised and directed towards the pursuit of victory. This is recognised as a condition of ‘total war’ (27–

34,105–107). Here, the theatre of decision making moved from the battlefield to the home front and the lines 

between soldier and civilian became blurred (58).  Recent analysis of the transformational effects that total war 

had on welfare systems (14), identify a number of ‘mechanisms of war’ (29) which we adapted to align more 

closely with sociotechnical perspectives. The four mechanisms discussed below are not the totality of 

mechanisms identified by Obinger et al. however these mechanisms were selected on the basis of their 

applicability for examining change related to different aspects of sociotechnical systems. Four mechanisms of 

war were selected: demand pressures and logistical challenges; directionality; new policy capacities; and 

cooperation and shared sacrifices.  

Demand pressures and logistical challenges  

In historical literatures, demand side pressures in the war preparation phase include significant pressures to 

ensure there are sufficient numbers of healthy and adequately skilled people that can be recruited for wartime 

activities (14,108–110). From a sociotechnical system perspective, the two world wars created exceptional 

demands for the supply of energy, food supplies and transport services for war activity. Different forms of 

transport were crucial in both conveying these key resources to the theatres of war and in the conduct of war 

itself. The key challenge of maintaining adequate supplies to fulfil particular needs during war, and being able to 

move and distribute them across the conflict zone presented particular sets of challenges, which extended to 

defending against attack and sabotage. As a result, the first mechanism of war through which we considered the 

empirical evidence was whether, how, and to what extent were demand pressures and logistical challenges on 

socio-technical systems were exacerbated by the two wars. 

Directionality 

The unprecedented nature of war, Orbinger et al point out, can also change the power resources in politics, 

society, and industrial relations. For example, trade unions increased their bargaining position through the 

essential role those they represented played in the war effort (111) and previously marginalised groups such as 

women were called upon to contribute to the war effort with resulting changes in gender relations in post war 

policy (8). Whilst these changing relationships have been discussed in relation to post-war social policy, when 

applied to socio-technical systems, it can also be posited that war may make the position of certain sub-systems 

within a particular socio-technical system susceptible to change. Rip & Kemp (37) for example suggest that in the 

search for ‘solutions’ to pressing demand challenges certain technologies may ‘break through’, whilst 

weaknesses in certain technologies or dominant practices may be exposed by wartime logistical challenges. This 

idea of change connects to the focus on directionality within the Deep Transitions framework (1), and so the 

second mechanism of war through which we examined our empirical evidence was whether, how and to what 

extent the World Wars influenced the directionality of socio-technical systems.  

New policy capacities 

The disruption and demand challenges created by the world wars are acknowledged as having necessitated 

increased levels of state intervention (14,15,45). For example, hitherto unprecedented levels of state intervention 

were required to coordinate economic activity and direct command and control measures. This in turn 

necessitated the creation of new institutions to control and coordinate war time activities. As Obinger et al write, 

“large-scale government intrusion in economic affairs went hand in hand with markedly changed relations 

between government, business organisations, and trade unions; enhancing the administrative, fiscal and 

legislative power of the state” (p.19). These wars were fought by nations forming alliances with one another on 

both sides and required closer collaboration between nations in order to achieve wartime goals. Provoked by the 
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unique conditions of these two wars it is also recognised that increased inter-governmental channels of policy 

formation were necessary to, for example, enable the supply of key goods and materials (112–114). Accordingly, 

the third mechanism of war examines whether, how and to what extent the policy capacities to manage socio-

technical systems were affected by the world wars. 

Cooperation and shared sacrifice 

Another recognised mechanism of total war is the need for “mass loyalty in emergency situations” (14, p.17) to 

assist in meeting military requirements and stabilising the home front. ‘Mass loyalty’ also required ‘shared 

sacrifices’ enacted most obviously through the policy of conscription; rationing of key resources; and curtailment 

of certain activities and social practices. To realise the singular goal of victory, much of society was influenced 

and permitted/accepted the required sacrifices (90). Both wars saw hitherto unprecedented levels of collective 

coordination and pooling of resources and information between actors who were formerly in competition with one 

another (46,115). In terms of sociotechnical systems, this fourth lens allows for reflection on whether, how and to 

what extent, cooperation and shared sacrifice influenced changes in our three sociotechnical system of food, 

energy and transport. 

 

3.2.2 ‘Imprints’ of war 
 

In order to understand the lasting influences of the wars on our sociotechnical systems, we draw on the concept 

of ‘imprints’. The term is widely used in biology and psychology referring to a process where humans and 

animals are exposed during a sensitive and restricted period of their development to certain external stimuli 

which influence patterns of behaviour long after the particular period of time has ended. In organisational studies, 

imprinting has been used to study how industries, organisations and networks (116) continue to reflect the 

conditions of particular sensitive periods, usually those that exist during their formation, where the organisation 

continues to reflect core features of that time period such as technological, institutional or economic context. It 

has also been applied at the meso-level to understand why jobs and occupations often reflect the “circumstances 

of their creation” (38, p,198), as well as micro level imprints for example how individuals carry early career 

experiences with them as they move between different organisations and employers (117).   

There are three key components to considering imprinting as summarised by Marquis and Tilcsik (38): 

(1) the existence of a temporally restricted sensitive period characterized by high susceptibility to 

environmental influence; 

(2) the powerful impact of the environment during the sensitive period such that the focal entity comes 

to reflect elements of the environment at that time; and 

(3) the persistence of the characteristics developed during the sensitive period even in the face of 

subsequent environmental changes. 

In our case, the conditions of total war between 1914-1918 and 1939-1945 represent the time-sensitive period 

under interrogation which we examine through mechanisms of war discussed above. Marquis and Tilcsik 

highlight how imprints can be identified in terms of technological, economic, institutional, political, and regulatory 

factors, which compliments a sociotechnical approach. The authors also point out that more work is need on 

exploring ‘multiple sensitive periods’ which we do in this paper by looking at both the First and Second World 

Wars and the dynamics of imprinting taking place over the period of the fourth surge.  

Imprinting research is well-suited to the DT framework. First of all, it is rooted in biological metaphor similar to 

deep transitions. The concept has flexibility in terms of focussing on multiple levels (e.g economy, technology) at 

which imprinting can be studied meaning it can be usefully applied to the different aspects of socio-technical 

systems. Imprinting research in organisational studies draws on institutional theory and is often focussed on how 
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certain routines become established and persist beyond the time-sensitive period, and this focus on routines 

chimes with the focus on rules in the DT framework discussed below. Additionally, imprinting seems especially 

suited to our empirical focus, where STS scholars have discussed “imprints of military influence” (118) and of 

course how the horrors of wartime ‘left strong imprints’ on populations influencing demands for social change 

(14). Indeed, “war casts a long shadow on peacetime” (119) and the persistent effects of military imprints on 

particular technological innovations (120) institutional changes, and the formation of political organisations is 

recognised (114,121), but this has not been considered with regards to sociotechnical systems.  

Of course, there are other theories which assess how particular events or historical contexts can have lasting 

influence on sociotechnical systems however we concluded that imprinting was the most appropriate for our 

research question. One key reason why imprinting may be a more appropriate notion to understanding the 

lasting effects of war compared to ‘path-dependency’ (122,123), ‘lock in’ (124–127)  or ‘momentum’ (128,129) is 

that these approaches are more focussed on the evolutionary sequence of events from an initial, often 

accidental, event, or particular economic and technological factors around sunk costs and ‘entrapment’ 

(130,131). Neither of the world wars can be seen as accidental. What is more, rather than tracing the sequence 

of events following a particular moment in time, imprinting offers flexibility for a more parsimonious matching 

process. Here, the focus is on looking for similarities between the characteristics developed during the sensitive 

period through the lenses of the mechanisms of war and the identification of similar patterns including direct 

reference to wartime influences in post war developments. This process does not rely on extensive sequential 

narrative accounts and is more appropriate for capturing the breadth of change across three sociotechnical 

systems. Following Tarquis and Tilcsik, we build an interpretive account regarding whether imprints can be best 

characterised as having decayed, persisted or were amplified during and after the world wars. This brings us to 

the third building block of our conceptual approach which re-integrates discussions of mechanisms of war and 

imprinting with the DT framework through a discussion of rules and meta-rules.  

 

3.2.3 Rules and Meta-rules 
 

Rules are defined as “humanly devised constraints that structure human action, leading to regular patterns of 

practice” (1, p.1053). In the DT perspective, an important distinction is that between rules which are a single rule 

in a single system, and meta-rules which are single rules in multiple systems. The concept of rules is central to 

institutional perspectives in the MLP and sociological literatures (132). Rules can have both a constraining and 

enabling effect on behaviour in a particular system. As Schot and Kanger point out, an important aspect of rules 

is their “generalisability and transposibility” meaning they can present themselves in a variety of domains 

including technology, industry and policy. Rules can be informal or formal. In an account of the integration of 

Europe through technocratic internationalism Schot and Kaiser highlight how the role of “…formal and informal 

rules that guided experts’ behaviour and defined normative expectations” (133, p.39). 

An example rule given by Schot and Kanger is “The drive to optimize fuel efficiency” in transport, and a meta-rule 

(a single rule present in multiple systems) is “an imperative to use fossil fuels” (1).  We identify rules by looking at 

patterns of development in the three sociotechnical systems through the lens of mechanisms of total war and the 

extent to which there was persistence or decay of certain trends into peacetime in terms of imprinting. From this 

analysis we propose potential rules and meta-rules present in the first deep transition and the role of war in the 

evolution of these rules.  
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3.2.4 Limitations to method and adoption of conceptual lenses 
 

Due to language constraints, we recognise the analysis below at times has a bias towards US-UK experiences of 

the world wars. War time experiences of course varied considerably between different countries across the 

transatlantic zone. Further research is required on these experiential variances for further corroboration that the 

proposed meta-rules can be detected in different locations. Special emphasis should be given in future work to 

deepening and incorporating system perspectives from Axis countries so that this is not another history from the 

victors’ perspective.  

Relatedly the Deep Transition project’s primary geographical lens – the transatlantic zone - excludes the 

geographies of colonialism. Especially in the First World War, the food and energy systems that resided in non-

transatlantic countries (e.g. the colonies) were of pivotal importance for countries such as the UK. However, their 

narratives are currently neglected and should be considered in future work. 

A third current limitation in this work concerns causality. To be clear, this paper is not explaining whether a 

certain phenomenon was caused by the wars or wartime activities. At points we have noted that rules and meta-

rules appear during the wars that impinge upon a sociotechnical system but in doing so we do not suggest that 

the rule in question was caused by the war. Indeed, when, where and how the rules identified in this paper may 

have initially emerged is a question requiring further research. 

 In keeping with the experimental and currently evolving nature of the DT framework, we echo Schot & Kanger 

(4) in pointing out that the approach conducted in this paper should not be seen as a claim to a definitive theory 

or explanation regarding the role of the world wars in the development of sociotechnical systems. On the 

contrary it is just the beginning. We see the value of this research in “provoking new ways of thinking and 

opening up new directions” (4) regarding a hitherto neglected area, which should open up further questions. 

 

4. Exploring mechanisms and imprints: a narrative account of 

sociotechnical change and effects of the First and Second World 

War  
 

We now focus on our interpretive account of how the sociotechnical systems of energy, food and transport were 

influenced by the two world wars across the transatlantic zone and what lasting changes can be observed. 

Following this discussion of the influence of mechanisms of war on the three sociotechnical systems and a 

discussion of imprints, we then set out propositions regarding the influence of these wars in the evolution of rules 

and meta-rules as part of the DT framework.  

 

4.1. The First World War 
 

The First World War has been described as a ‘shock’ in that many countries had mobilised for a war that was 

expected to last a few months which turned into a conflict lasting four years (110,134). Thus, the period where 

nations were actively preparing for major conflict is generally thought to be shorter than that for World War Two 

(107). The scale of the First World War was at the time unprecedented in terms of its geographical spread, 

numbers of soldiers involved and the ‘industrial’ nature of the conflict (135). We now look at how the three 

sociotechnical systems were affected by mechanisms of war and post-war imprinting dynamics. 
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4.1.1 The First World War: energy, food, and transport and mechanisms of war 
 

The First World War had a profound impact on all three sociotechnical systems. The shock it created saw 

immense demand pressures and logistical challenges being exerted. The huge demand for oil and petroleum 

products in this ‘machine war’, including to fuel tanks, automobiles, planes, submarine and naval vessels, and for 

the lubrication of machine guns, saw immense challenges placed on oil production (136,137). Meanwhile, coal 

industries and export routes were severely disrupted in continental Europe, including coal exports from the 

world’s main coal producer, the UK, (138,139). As industrial production increased, maintaining reliable supplies 

of electricity to fuel production for this ‘industrial war’ became another key challenge (42,140,141).   

Europe’s pre-war extensive reliance on imports to feed their populations was severely disrupted by the First 

World War (142,143). Direct action to disrupt the food supply system included Germany declaring the waters 

around Britain a ‘war zone’ which both enemy and neutral vessels entered at their peril in February 1915; 

German U-boats targeting merchant ships in the Atlantic from 1916 and then declaring unrestricted warfare in 

1917; and Britain conducting a merciless blockade of food stuffs to Germany and then to countries occupied by 

Germany which became steadily more effective as the war progressed. Additionally across Europe, the food 

production system was hit by labour shortages as men left the land to fight, either voluntarily or through 

conscription (144,145). With pre-war food supply routes disrupted, there was an intense pressure to increase 

indigenous food production, alongside an increased demand for US agricultural produce (146,147). Meanwhile, 

transporting armaments, soldiers, raw materials, and food supplies to the frontlines placed great pressure on rail 

networks and the need for refined organisation of transport flows in what was a ‘war by timetable’ (148). The 

logistical challenges and disruptions to rail supply in both Europe and North America saw a greater military 

demand for the use of trucks and automobiles (149), and the need for reconnaissance and experimentation in 

new strategies of air bombardment created considerable demand-pull effects with regards to aircraft industries 

(100,150). 

These demand pressures and logistical challenges influenced the directionality of sociotechnical systems. The 

First World War accelerated the production and use of oil while the war had destabilising effects on the coal 

industry (151,152). While coal production decreased during the First World War (51), overall production of oil 

grew by 50% during the course of the war (153) and 90% of allied oil was supplied by the USA (153). By the 

latter stages of the conflict, oil was recognised to be a key strategic resource on which military prowess 

depended which became especially apparent with the oil crisis of 1917 (99). Navies transitioned from coal-fired 

to oil-fired ships, perhaps most notably the UK, which at the time had the largest navy in the world (154). Peak 

coal production in the UK was reached in the UK in 1913 (155). During the war, significant weaknesses in the 

coal industry were exacerbated by the war, including labour unrest and lack of mechanisation of the industry 

(138). The destabilising effects of war on the coal industry were not confined to the UK. Mines across Europe 

were seriously damaged as a consequence of fighting and near the war’s end waves of militancy affected coal 

industries in Belgium, France, Germany, as well as the USA and Canada (156). Meanwhile, the increased 

demand for electricity during the war revealed problems with the piece-meal and disconnected nature of 

electricity supply creating drives for engineering solutions based around increasing interconnection and 

integration of disparate electricity grids with increasing reliance on larger power plant (42,140,141,156). During 

the war, world demand for electricity doubled and the electricity industry becoming a large global employer (157). 

The war also revealed significant problems with relying on imported foodstuffs, and saw a strategic opening in 

some countries such as the UK for the importance of intensifying domestic agricultural production and, in the 

context of a depleted labour supply, the introduction of labour-saving devices onto the farm such as the tractor 

(158). In the transport system, the significant bottle necks in allied rail-based supply lines experienced in 1915 

saw the increasing use of automobiles and trucks for transportation as well as the construction of the ‘world’s first 

highway’ by the French (74,159). Automobiles were also seen as pivotal to victory for example at the Battle of 

Verdun (74). In the USA, logistical issues with rail transportation were also experienced and caravans of trucks 

were utilised to transport key materials to ports for shipment to Europe (160). The First World War saw a rapid 
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increase in demand for aeroplanes for reconnaissance operations, air battles, and limited bombing campaigns, 

leading to the emergence of large aircraft industries which had been in an ‘embryonic’ phase at the beginning of 

the war (100,150).   

Across all three systems new policy capacities emerged to deal with the intense logistical challenges presented 

by the war. Belatedly, once the shock of the war not ending within months had subsided, states intervened and 

created national policies and/or new political positions charged with directing systems. In the USA the position of 

‘Energy Tsar’ was created to coordinate oil supplies (99), and in each of the major belligerent countries 

specialised agencies were created to manage coal supplies (139). In the UK this included the partial 

nationalisation of the coal industry and its classification as a ‘Scheduled (or reserved) Occupation’ in 1916 

(56,138). Across belligerent countries, new central government posts were created to oversee their respective 

food production and distribution systems (161). This included intervening to guide economic activity via 

centralised pricing guaranteeing or fixing as well as production interventions. In Germany, first the local and then 

the central authorities’ prices were initially capped for staple products such as milk bread and potatoes, all 

normally provided through imports and then fixed as the Allied blockade on good began to bite.  

In the UK, a system of guaranteed minimum prices was set under the Corn Production Act of 1917 and likewise 

after entering the hostilities in April 1917 the US government also attempted to guide economic activity via 

centralised price and production interventions. In all major belligerent countries new central government posts 

and/or departments were created to oversee their food production and distribution systems. In Britain, the 

Ministry of Food Control was established in December 1916 with Lord Devonport, and later Lord Rhondda, as 

Food Controller. In the US, Executive Order 2679-A established the US Food Administration appointing the 

future President Herbert Hoover as the United States Food Administrator in the newly created government 

department, the Food Administration (146). Each of these newly created capacities devised and oversaw 

systems to induce change in farming productivity including incentivising mechanisation. In the US, farmers were 

offered support to do this via the Federal Loan Act in 1916.  

In the transport system, the automobile, which had previously been associated with a certain ‘anarchy’ and lack 

of regulation, became more tightly controlled as the French military centrally coordinated traffic flows and 

developed a ‘systems’ approach to managing the ‘swarm’ of automobile traffic (74). This centralised approach 

was adopted by the British and then the USA (74). Rail transportation became directly controlled by the 

Government in the UK with the creation of the Railway Executive Committee, and in the USA in 1917, the 

Government took control of the rail network under the Federal Control and Possession Act (162).  

New international policy capacities also emerged to attempt to deal with challenges related to transferring 

resource from North America to Europe, including the Inter-Allied Petroleum conference in 1918 to coordinate the 

supply of oil from the USA to France and the UK in response to the oil crisis of 1917 (163). The Inter-Allied 

Aviation Committee between France, the UK, Italy and the USA was established to standardize aircraft design 

and maintain adequate levels of industrial production and supply of key components (164). Meanwhile, Europe 

became increasingly dependent on US agricultural produce to maintain food supplies (110). 

In terms of cooperation and shared sacrifice, wartime logistical challenges saw closer collaboration between 

private oil firms and policy makers (165). Indeed, the American oil industry responded to the challenges of the 

1917 oil crisis successfully, however achieving this “…involved the cooperation of various segments of the 

industry on an unprecedented scale under the leadership of a committee of experienced oil men” (165).  In the 

electricity sector there was increasing collaboration between privately owned grid operators to work with each 

other across different grids as well as local grids working with larger power plant operators to maintain supply 

(42,140). As the war progressed, increasingly interventionist planning and compulsory management activities in 

the food production and distribution systems were initiated so that “the sacrifices [were] equal.”(166). Mass 

propaganda campaigns emphasising shared sacrifice accompanied the introduction of rationing in the UK 

changing societal expectations in consumption. In the US and Canada, both geographically distant from the 

frontline, propaganda campaigns compelled farmers to increase production in agriculture and to frame changed 
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eating habits as patriotic actions (167,168). Meanwhile, in the transport system industry cooperated with 

government to align with wartime production goals. Initially reluctant, Ford converted his production lines to the 

war effort in 1917 producing boats, military trucks, canon and many other war products as well as investing R&D 

into armoured trucks (169).  Activities in the coal industry can be considered somewhat an exception to the 

general trend towards collaboration, where significant conflict and unrest continued between the trade union 

movement and government during World War I (156). 

 

4.1.2 Imprints of the First World War 
 

The immediate imprints of war on sociotechnical systems across the transatlantic zone were influenced by the 

different experiences of scarcity and abundance. In terms of energy supply, the successes of increased 

production and maintaining a constant supply of oil saw the American oil industry experiencing a crisis of 

‘overproduction’ as the industry was “…unable to settle down and smoothly adapt its production to the new 

conditions of peace” (163). However, “interaction with the automobile” was the solution to this problem where 

“the petroleum industry, a prime mover of the war effort, was at the centre of the reorientation of the industrial 

plant and equipment of the American economy in the build-up and achievement of high mass consumption” 

(165). A lasting consequence of the war was that oil was considered a key strategic national asset in the minds 

of governments which would have profound impacts on future developments in the twentieth century. Indeed, 

The First World War created a “an oil frenzy…which greatly influenced international relations after the war” (153). 

The demand for oil products during the war and the importance placed on maintaining a constant supply left a 

lasting imprint on the system regarding the importance of securing access to oil supplies (154,163,170). France, 

for example, due to the petroleum shortages experienced in 1917, established the Compagnie Française des 

Pétroles, mainly to build up strategic petroleum reserves after the war (171). In the UK, the Oil Fuel Board was 

established as part of the Imperial Defence Committee in March 1925 and was served by the Petroleum 

Department which was an institution which had its origins in the war (172).  

The coal industry had been severely disrupted by the war and the industry struggled in the years after the war to 

reach pre-war production levels. The labour unrest in the coal industry that had been amplified by war-time 

challenges, spilled over into peacetime across Europe and North America (156). In countries like France much of 

the coal mining workforce had been killed during the war (156). For the leading coal power, the UK, many 

considered the industry to be in decline in the years after the war (69,138,155,173) with leading experts 

accepting in the 1930s that the coal age had now given way to the “oil age” (174). Meanwhile in the USA the 

expansion of hydro-electric capacity was authorised in direct response to concerns around maintaining supply 

that had been revealed during wartime and hydro capacity doubling in four years in the USA (175). In France, 

wartime energy shortages due to disruption of imports and the destruction of its own coal industry, had amplified 

concerns over energy security, leading to the expansion of hydro-electric power (176).  

State intervention continued to some degree in the energy system. Laws on prices of electricity were issued in 

Belgium (1919), Italy (1919), Spain (1920), and Germany (1922) (55). The engineering responses during the war 

to the challenge of maintaining electricity supply left a lasting imprint regarding  the value of interconnection, the 

development of more centralised electricity grids, and use of larger power plant for production. A paradigm of 

centralisation continued to be advocated by some in the electricity sector and the political sphere more generally 

(42,140,141,177). A mass power survey was proposed in the USA to plan for the integration of disparate 

electricity grids through long-range powerlines (42), however the survey did not take place until the 1930s. 

Indeed, despite efforts to integrate both the technical and organisational aspects of the American electricity 

industry, Cohn notes that by 1940 “…the industry and its thousands of operating parts were still more 

disaggregated than linked” (42, p.99). In the UK, there was also calls for centralisation and interconnection of 

electricity supplies to be overseen by a central governing body however this was fiercely contested on ideological 

grounds after the war (140). Yet, while plans influenced by wartime experience for more centralised state control 
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of electricity networks dissipated in many countries (141), in the UK the 1926 Electricity Act and the creation saw 

the National Grid (178) which went some way in implanting a central governing body for electricity production that 

had been called for by many engineers and policy makers following war time experience (140).  

However, many of the state intervention measures taken during the war in the energy sector did not last to 

peacetime as a return towards a Laisse Faire approach to market governance in the 1920s occurred to some 

extent (179). In terms of international policy capacities however, the strategic importance of oil realised during 

the war set off geopolitical disputes between the UK, France and the USA concerning access to Mesopotamian 

oil reserves (163,180,181). This period of friction culminated in intense negotiations around the “As Is” and “Red 

Line” agreements in 1928 which can be seen as the first attempt towards establishing the international 

organisation and regulation of oil supplies. This organisation was deemed important due to the risks of ‘over 

supply’ that was a consequence of intensive prospecting that occurred in the 1920s. This ‘oil frenzy’ was partly a 

result of wartime lessons regarding the importance of securing strategic oil supplies (99,156). The demand 

challenges and engineering progress made during the First World War regarding electricity supply contributed to 

increased international collaboration around electricity engineering and science with the International Council on 

Large Electric Systems established in 1921, and the World Power Conference established in 1923 (182). Under 

the auspices of the League of Nations, founded as a direct result of the war, increasing collaboration on 

proposals for an integrated European electricity grid took place in the Committee on Electric Questions (CEQ) at 

the League of Nations (55), however momentum around these plans had dissipated by the 1930s as a return to 

nationalism took hold.   

With regards to the food system, the demand shocks experienced during the war had divergent effects on 

different countries. Italy and Germany placed great emphasis on the creation of national food systems and 

achieving self-sufficiency after the war including through state intervention measures (183). However, in other 

countries such as the UK and US many of the interventionist measures under-taken during the war were not 

pursued in its immediate aftermath (184). Rather these resurfaced during the agricultural depression of the 

1930s with the creation of market boards with broad powers to regulate production and quality, implement 

subsidies and other price supports (184) via Roosevelt’s New Deal and the 1933 Agricultural Adjustment Act 

(185). These interventions made responding to a future war easier. Scared by the knowledge that the UK had 

come “nearer to defeat owing to food shortage than we did from anything else.”(186), the British government 

began planning how it might feed the country if another war broke out shortly after remilitarisation of the 

Rhineland in March 1936. This resulted in the establishment of an extensive "shadow" organisation for food 

control (187).   

Great divergence between countries can also be seen between those on continental Europe and the USA. 

Farmland in France and Belgium was utterly devastated by the First World War and there were significant food 

shortages following the end of hostilities. One lasting imprint with regards to French agriculture was that of farm 

ownership consolidation (144). Vivier for example notes that French agrarian sector had moved from a sector 

dominated prior to the First World War by small owner-tenants with less than 10 hectares to one dominated in 

the 1930s by larger family-run farms of approximately 4-40 hectares (188). This consolidation process was 

possible due to the tragic reason that many smaller farms were empty following the war due to the high rural 

death toll.  Meanwhile, an immediate imprint of First World War on the USA was the problem of abundance: the 

First World War had created an ‘economic boom’ in US farming but as Europe began to recover, demand for US-

based produce decreased creating an over-supply problem (146). Many farmers faced bankruptcy as a 

consequence. Roosevelt’s New Deal supported the food production system through its food subsidy 

programmes. Here, surplus products were redistributed to schools and poor families and the 1933 Agricultural 

Adjustment Act enabled the US government to purchase food directly from farmers and pay farmers to reduce 

acreage to prevent prices falling further (189).  

Strongly influenced by the challenges of providing a sufficient diet to soldiers and their experience of eating 

rations during the First World War, research into the nutritional content of food accelerated during the interwar 

period (9). Studies of vitamins, minerals, and their impact on health, alongside policy documents examining food 
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and nutrition problems were published by Health Division of the League of Nations, the British Medical 

Association and the US National Academy of Sciences. This led to the drawing up of nutrient recommendations 

– or recommended daily allowances (RDAs) for protein, energy, and eight vitamins and minerals (190). Research 

into the use of chemicals for fertilisers also intensified in this period driven by the imprint of the drive to increase 

domestic agricultural production.  

With regards to the transport system, a key imprint in relation to directionality was lasting recognition of the 

strategic military significance of trucks and automobiles and the need for adequate road infrastructure. Indeed, 

wartime bottlenecks in truck transportation had revealed road systems as being inadequate for enabling smooth 

traffic flows. Increasing construction and organisation of road systems occurred to remedy these war-related 

inadequacies. Wartime experience left a clear imprint on post-war policy in the context of the USA where the 

mapping from ‘point zero’ exercise in 1919 in which future president Dwight Eisenhower took part, and the 

subsequent Federal Highway Act 1921 were specifically influenced around lasting military concerns around 

inadequate road infrastructure during WW1 (159,191,192). In the UK there was also substantial investment in 

highway infrastructure following the creation of the Ministry of Transport in 1919 and centralised organisation of a 

road traffic system, including road signage, speed limits and a highway code amongst other developments (193). 

However, centralised state support and planning around the automobile generally dissipated by the end of the 

1920s across the transatlantic zone. However, highway construction formed a key part of Roosevelt’s New Deal 

and of course Hitler’s construction of the autobahn in the 1930s (194), which spilled into mobilisation for the 

Second World War (192). 

 Logistical challenges experienced with the railways in the USA and the growing competition from the automobile 

after the war meant that railways faced a challenging environment of reducing passenger numbers and freight 

volumes in the inter-war years in many countries (195–197). The war seems to have been a decisive turning 

point in this trend as noted by Garrett (198)2.  Meanwhile, the First World War accelerated the emergence of an 

aircraft industry driven by military demand leading to increased consolidation and standardisation of production  

which left a surplus of wartime aircrafts and pilots that were absorbed into a new civil aviation sector (199). In 

terms of international developments, a lasting imprint seems to be the development of increasing regulation 

around aircraft which has been identified a direct result of the problems experienced in terms of air space 

infringements during the war (164,200).  

The imprints of shared sacrifice and cooperation are in many ways harder to identify. However a general 

sentiment towards the need for more collective prosperity following the sacrifices made during war time on the 

part of the wider population can be seen to have influenced developments such as the National Grid in the UK, 

and a yearning for freedom in the USA following wartime sacrifice was epitomised by the emerging car culture as 

part of the ‘roaring twenties’ (201).  

 

4.1.3 Summary: First World War 
 

In summary, we see partial imprinting of the First World War with variation between the three systems, and 

decay in terms of the dissipation of certain interventions, perhaps most notably in the food system with many 

policies for controlling food supply being withdrawn across the transatlantic zone. The inter-war years were a 

period of competition   – as both the coal and rail industries struggled to maintain competitive edge as the oil and 

automobiles expanded. However, imprints of the First World War were beginning to be re-amplified as war 

mobilisation began again.  

 

 
2 As Garrett notes, “The period of certainty and dominance enjoyed by railways before 1914 were brought to an abrupt end 
when war broke out in Europe. Until the outbreak of the conflict they had enjoyed something of a “Golden Age”. After 1918, 
the certainty that railways were the profitable premier form of transport was gone for ever” (198, p.22)  
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4.2. The Second World War 
 

In 1928, Walter Hines, director of the American railroads reflected on the experiences of total war and how 

wartime imperatives had influenced new forms of centralised control over industry: 

““When success or failure depended upon the concentration of energy and the mobilisation of every 

available resource, there was no holding back the extension of government control over the whole field 

of industry and economy. This was the almost universal lesson…It, therefore, seems reasonable to 

assume that if war was to come again that lesson would continue to be applied here as elsewhere, with 

increasing force…”(202, p.xiv).  

Walter Hines’ prediction was correct. The lessons of the First World War would be built on but with ‘increasing 

force’, as now-familiar mechanisms of war that emerged in the first total war between 1914-1918 were re-

amplified and intensified across the transatlantic zone. 

The Second World War was however different from the First in terms of there being a considerably longer period 

of mobilisation for conflict, its duration, number of belligerent nations, and theatres of action. The quantitative 

differences are compared in the table below.  

Table 2: Two world wars in quantitative comparison 

Two World Wars in Quantitative Comparison 

 World War 1 World War 2 

Length of war, days 1564 2194 

Number of belligerent nations 33 62 

Theatres of military action   

Number of nations 14 40 

Number of continents 1 4 

Source: Broadberry and Harrison The Economics of World War 1, 2005 p35 (110) 
 

Indeed, the scale of industrial production was far greater in the First World War and it has been characterised as 

a “war of mass production” (203), where industry was mobilised to an unprecedented level. 

 

4.2.1 The Second World War, energy, food, and transport and mechanisms of war 
 

In terms of Demand pressures and logistical challenges, disruption of supply routes proved a formidable 

challenge. In the energy sector, as oil supplies to the UK became cut off by bombardment from German 

submarines in 1941, a key challenge centred on sustaining constant supplies to Europe from the USA for military 

forces that were now considerably more oil-intensive than before (40,58,98).  For example, in the Second World 

War American forces in Europe used one hundred times more gasoline in World War II than in World War I (40). 

With the USA supplying 90% of oil to allied forces, German submarine attacks on Shipments of oil up the 

American East coast was a point of attack that threatened to jeopardise the entire allied campaign. Meanwhile, 

the European coal industry and established trade routes such as those from the UK to continental Europe were 

once again severely disrupted (204). Territorial expansions by Germany, air bombardment of the German coal 

industry by the allies, submarine warfare, and workforce shortages due to men being deployed to the battlefield 

were all factors that presented challenges for the coal industry in Europe (204,205). Meanwhile the increased 

scale of industrial production in belligerent countries to produce the machines of war in unprecedented volumes 

including munitions, planes, tanks, jeeps, and entirely new activities like nuclear weapons manufacture in the 

USA, saw an intensified challenge around sustaining adequate supplies of electricity (61,62). Mass disruption of 
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food supplies across Europe occurred as a consequence of warfare, and there was an increase in demand for 

North American agricultural produce. In the transport system, the arrival of “mass air war” (206) or “bombing war” 

(207) entailed unprecedented demand for aircraft production, new infrastructure for air travel and managing and 

coordinating unprecedented flows of air traffic. To produce the immense volume of war machines, considerable 

pressures were placed on the industrial capacities of the automotive sector (89). 

These demand pressures and logistical challenges affected directionality in each system. In response to the 

bombardments of oil shipments on the East coast of the USA, the “Little Inch” and “Big Inch” oil pipelines were 

constructed in under a year so as to transport oil and natural gas across the country. These pipelines utilised 

innovations that had no market prior to the war (208,209). New refineries and oil tankers were constructed to 

achieve war time production goals (165). In the UK, due to the threats of German bombing of truck-based 

transportation of oil, an extensive underground network of pipelines was constructed that by the end of the 

conflict, supplying every air field in England (172,210). Innovations in fuel types, such as high-octane fuels, all-

purpose motor fuels and all-purpose diesel fuels, as well as catalytic cracking techniques accelerated 

developments with regards to oil-based products (120,165,211). Drawing on the experiences of the First World 

War, the engineering response to the increased electricity demand in both the USA and UK saw the 

intensification of interconnection, pooling, and increasing centralisation of electricity supply (42). In Canada, war 

time demand particularly for aluminium production influenced plans for the construction of large centralised 

hydro-electric plants and transmission infrastructure (59,60,212). And before the war’s competition a new source 

of primary energy had been realised in the form of nuclear fission (213). 

In the USA, intensified agricultural practices became increasingly utilised with handicraft and extensive 

techniques of husbandry replaced to a certain extent by intensive, scientifically-managed continuous production 

systems, with an increased use of hybrid corns (214). Mechanisation also increased markedly in the USA and 

the UK agricultural sectors (184,215). In the UK in 1939 there were 56,000 tractors and by 1940 there were 

100,000 (216). Developments in nutritional understandings of food and their application also intensified (43), so 

too the application of new food preservation and packaging techniques making food lighter to transport. In the 

USA and UK agricultural output expanded and farmers experienced increased profits due to fixed prices 

(145,217,218). This contrasted significantly with continental Europe however. The differences in food production 

across the transatlantic zone was one of the most devastating and tragic aspects of the conflict. Food output fell 

in continental Europe by 40% while in the USA it increased by 50% (218). Millions starved to death in Europe, 

with starvation being the leading cause of death during the conflict (218) 

In the transport system, rapid advancements occurred in terms of the development of aircraft with planes being 

mass produced for the first time as part of the USA’s war mobilisation (217). The war saw the development of 

larger airframes, standardisation, jet engine technology, radar technologies, air traffic control systems, and a 

rapid runway construction programme in Belligerent nations (41,149,150,199,206,219,220). The US auto 

industry was redirected towards the war effort, playing a central role in the mass production of tanks, trucks, 

jeeps, airplanes, bombs, torpedoes, steel helmets and ammunition under huge contracts issued by government 

(46,221–223). The British car industry was similarly re-directed towards the production of war materiel (224).  

The changed directionality in in each system was predicated on new policy capacities. State intervention 

occurred across all three systems, and often at an earlier stage of conflict than had occurred with regards to the 

First World War, suggesting again that policy was responding to the familiar environmental conditions of total war  

(47). In energy, the UK government took total control of the oil industry in 1938, before war had been officially 

declared (40). In the USA following the attack on Pearl Harbour in December 1941, the position of Petroleum 

Coordinator under the Petroleum Administration for War was created to enable close ‘two way’ communication 

between government and the oil industry to achieve ambitious wartime oil production (40). To achieve wartime 

goals, there was a marked increase in state investment in oil infrastructure. In 1938, the Coal Act in the UK 

nationalised coal deposits, and in 1942 all energy supply was brought under the newly created Ministry for Fuel 

and Power (57). Central coordination of planning around maintaining electricity supply was carried out in the USA 

and in the UK with the Ministry of Supply working closely with the War Office (140). 
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In the food system, belligerent countries prioritised maintaining a constant food supply so as to stave off the sort 

of food shortages which had threatened their effort during the First World War. The extensive "shadow" 

organisation for food control had been built up in the UK from 1936 included identifying key personnel who could 

quickly step in to administer a revived system of centralised procurement and rationing (225). When the war 

finally came in September 1939, and the government achieved expanded statutory powers to take over the 

economy, it was more ready to handle the accompanying food shortages than it had been for the First World 

War, one sign being that rationing began on 8 January 1940, only eighteen weeks after the fighting began (225).  

In Germany, food supply took on a prominent role in Nazi economic policy with both Erzeugungsschlacht (battle 

for production) and Lebensraum (living space) policies later having devastating consequences (102,226,227).  

State intervention in the food production system included, in the UK, the establishment of County War 

Agricultural Executive Committees who were told on a county-by-county basis by the Ministry of Agriculture and 

Fisheries “how many thousand acres they are expected to have ploughed up” and empowered to “serve order 

requiring work to be done, or, in the case of default, to take possession of land (228)”. The Women’s Land Army 

and the distribution of tracts assisted with the ploughing up of land and farmers were heavily subsidized by the 

Ministry of Food buying produce at higher prices and selling back to British citizens at lower prices. In the USA, 

federal intervention was central to ensuring the ‘abundance’ and ‘over supply’ of food (229).  

In the UK the Ministry of Transport took control of the railways and the road networks (224). In the USA in 1942, 

Government intervened and all sales of cars and the delivery of cars to customers were frozen by the Office for 

Production management (99,221). In 1941, the National Interregional Highway Committee was established to 

examine the idea of creating a system of highways that would meet the immediate requirements of the War 

Department and the future needs of increased post-war traffic (192). In 1942 Roosevelt created the War 

Production Board regulating industrial production and allocation of material and fuels, coordinating heavy 

manufacturing and rationing of materials. The mass mobilisation of science (9) including a rapid increase in R&D 

spend had profound effects on the transport industry especially in relation to technologies for aviation fuel, jet 

engines and cabin pressure (97,102,103). The application of science also influenced the food system. To 

persuade those on the home front to alter their consumption patterns, psychologists, sociologists, 

anthropologists, food scientists, dieticians, and home economists were drafted in to provide advice to 

government departments. The resulting marketing and education campaign focused on women re-envisioning 

them as ‘quartermasters of their own kitchen’ (168). Perhaps the most infamous mass mobilisation of science 

that took place during the Second World War was the Manhattan project (230). This would have a profound 

influence on the sociotechnical system of energy, as before the close of the in 1944 General Groves appointed a 

committee to look into the possibilities of nuclear fission that were ‘not all destructive’ paving the way for the 

development of nuclear energy production for electricity supply (213). 

The Second World War also saw an intensification of cooperation and more widespread adherence to the idea 

of shared sacrifice. In the United States, formerly competing private companies in the oil sector worked closely 

with each other and shared innovations under a common framework to achieve war time aims (165,210). 

Pipelines were built that were dependent on oil companies pooling resources and sharing innovations (209). 

Sacrifice for the civilian population was experienced through the curtailment of gasoline sales, automobile sales 

and food rationing policies (99,163,225,231–233). In the USA, patriotism and the idea of shared sacrifice 

dominated the agricultural sector with propagandists relaying the ‘dramatic story of sacrifice’ of labourers working 

long working hours and farm women and children filling vacant spaces left by sons and brothers (234,235). With 

regards to the mobility system, the mass mobilisation of the auto industry for the war effort saw close 

collaboration between competitors, the sharing of innovation assisting in the refining and standardization of mass 

production techniques and a strong sense of solidarity among the labour force and management which cut 

across class divisions (46,217,223,236). The curtailment of automobile sales and gasoline sales experienced by 

the wider civilian population was predicated also on notions of shared sacrifice for the war effort (115,237).   
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4.2.2 Imprints of the Second World War 
 

Unlike the partial imprinting and subsequent decay of some imprints that occurred after the First World War, the 

imprints of WW2 occurred across all three systems and persisted for decades. Imprints of war were shaped by 

the broader differences across the transatlantic zone. To a far greater extent than after the First World War, a 

key distinction in the immediate aftermath of the Second World War is between a condition of abundance in 

North America and scarcity with regards to continental Europe. Following World War II the immense productive 

war machine that had mobilised sociotechnical systems in the USA left a legacy that had “appeared to have 

finally solved the riddle of scarcity” (238, p.83). However, the conditions in continental Europe were starkly 

different. Food supply systems had been severely damaged and millions had died due to starvation.  Meanwhile, 

energy and transport infrastructure had also been significantly damaged (218).  

The sociotechnical system of energy was transformed by the Second World War. The war had accelerated the 

creation of a mass infrastructure around oil through the rapid construction of pipelines and refineries (239). This 

wartime infrastructure had opened up the East Coast of the USA to the supply of cheap natural gas. Indeed, 

consumption of both natural gas and oil expanded rapidly after the war (240) and by 1951 oil had become the 

main source of energy in the USA (156). Returning the surplus of government-owned oil infrastructure to civil 

purposes was an immediate challenge, where the ‘disposal of government holdings’ saw pipelines, refining 

capacity, and the 500-ocean going tankers built during the war transferred back to the private sector (165). With 

regards to future electricity supply in the 1950s, nuclear power became a symbol of modernity and great 

expectations formed around ideas of limitless abundant electricity supplies and a world of nuclear powered cars, 

aeroplanes, and urban environments (241). This source of energy that captivated the minds of post-war 

governments did not eixst in any practical form prior to the Second World War.  

In the food system, the rapid intensification in US agricultural productivity during wartime - and remembering the 

depression which followed the First World War - ensured that post Second World War attention turned towards 

the problem of managing abundance and avoiding problems encountered due to over-supply following the First 

World War (218,242). New technologies released during the war such as DDT (243), acceleration in the use of 

hybrid corn (214), and the acceleration and refinement of the canning industry mastered during the war were 

shaped the post-war civilian food sector (218). Radar technology developed during the war enabled abundance 

to be achieved in the fishing industry (244). In the transport system the war left a legacy of new airports, 

runways, air traffic control systems and new standardised and larger aircraft powered by jet engines and  

equipped with cabin pressure opening up the era of mass international air travel (220,239). In the USA, the mass 

mobilisation of the auto industry and successful reconversion of this industry to peacetime, was key to 

maintaining economic growth and full employment, stabilising US oil production through gasoline sales and 

avoiding a post-war recession (165).  

The USA recognised that stable economic growth in Europe and solving Europe’s and Japan’s condition of 

scarcity was crucial for America’s continued economic expansion and geopolitical supremacy (245). Europe’s 

emergence from scarcity would be underpinned by the provision of cheap oil from new Middle Eastern sources 

which following negotiations between Saudi Arabia and the USA during the war, were flows of oil effectively 

controlled by the United States (163). The increasing demand for oil in Europe after the war was also a result of 

continued coal shortages experienced in Europe due to the destruction of coal infrastructure and trade routes 

during wartime (205). The European Recovery Programme initiated by the USA in 1948 facilitated a rapid 

transition to oil becoming the main source of primary energy in many European countries over the next two 

decades. Indeed, 20% of the Marshall Plan loans related to the importation of oil to Europe (62). Meanwhile, the 

value of interconnection, large centralised plant, and pooling of electricity resources had again been a key lesson 

of total war. A paradigm for electricity supply and consumption based around increasingly large plant and 

continuous baseload production supplied through centralised grids became stabilised after the war (42,140,246). 

As part of the European Recovery Programme, information sharing on electricity grid management from the USA 

to Europe took place and funds were allocated for the reconstruction of grids following war damage. These 
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reconstruction efforts were influenced by wartime experiences based around the lessons of the value of 

interconnection and centralisation. The full electrification of society was realised in most parts of the transatlantic 

zone in the post-war era (42,55). 

Many of the new policy capacities that emerged in wartime continued to imprint on sociotechnical systems in 

peacetime. The Second World War had solidified the key role of the centralised state in intervening in 

sociotechnical systems (14,84,247). In the UK for example, coal was nationalised in 1947 and electricity supply 

in 1947 (248); the UK Agricultural Act 1947 established price guarantees, subsidies, and state funding of 

agricultural colleges and departments of agriculture to carefully steer food supply systems (249). The UK also 

invested in highway expansion, legislating for the construction of highways in 1946 and under the 1947 Transport 

Act, large swathes of the railways, road haulage, canals and ports were brought under direct control of the British 

transport commission (196,250). In France the aero and auto industries were nationalised and Electricite de 

France (EDF) was created nationalising power supply and overseeing large construction of hydro-electric (251) 

and later nuclear power (241).  While nationalisation was generally not feasible in the USA for ideological 

reasons, the state continued to play a key strategic role. Eisenhower’s Minerals Commission continued to 

coordinate policies in relation to maintaining oil supply (163). The 1946 Research and Marketing Act created a 

role for government in finding solutions to the problems of abundance, using R&D and policy expertise to find 

new uses for agricultural products and discover untapped markets (252). The Food for Peace programme 

created intimate entanglements between solving the problem of abundance in the US and extending the USA’s 

hegemonic reach in the context of the Cold War (252,253). In the US, the state took a lead role in financing a 

mass highway expansion with the 1956 National Interstate and Defense Highways Act which transformed the US 

road system. Here, the design and integration of urban areas and the integration of freeways was shaped by 

concerns around military mobilisation logistics and planning for nuclear attack (222,254). 

A lasting imprint of the Second World War affecting all systems was the ‘permanent mobilisation of science’ with 

sustained large R&D budgets lasting until the 1970s across most of the transatlantic zone (86,255,256). 

Nowhere was this more visible than with the case of nuclear energy, which certain countries pursued for military 

reasons under the auspices of civil nuclear developments (241,257–259). Emerging from the initial development 

of military nuclear capability during the war, ‘civilian’ reactors followed design specifications that enabled ‘dual 

use’ functions, for example early British ‘civil’ Magnox reactors, (260–262), were designed to enable the 

production of plutonium for weapons in addition to electricity production (263,264). These technological imprints 

of war and the military continued with alternative reactor designs, such as the PWR reactor stemming from 

design specifications for nuclear submarine reactors in the US navy (265,266). The policy imprint of close state 

collaboration between science, the military and industry, became known as the ‘military industrial complex’ which 

was a continuation of new coordinated relationships between science and the state that had been forged during 

the violence of World War II (267). 

New international policy capacities emerged from the Second World War to manage sociotechnical systems. At 

the international level, the United Nations (UN) officially came into existence on October 24th 1945, when the 

Charter had been ratified by China, France, the Soviet Union, the United Kingdom, the United States and by a 

majority of other signatories. Article 1 of the Charter’s first chapter states that the purpose of the UN is to 

“maintain international peace and security”; “achieve international co-operation in solving international problems 

of an economic, social, cultural, or humanitarian character” and to be “a centre for harmonizing the actions of 

nations in the attainment of these common ends” (114). To that end, many changes were established through 

the United Nations and new autonomous bodies, such as the Food and Agricultural Organization (FAO) and 

International Atomic Energy Agency (IAEA) were formed within the UN system to manage the challenges related 

to the food and energy systems. The FAO, the oldest of the permanent specialised UN agency was established 

in October 1945 with the objective of eliminating hunger and improving nutrition and standards of living by 

increasing agricultural productivity. The IAEA, whose genesis was US President Eisenhower’s “Atoms for Peace” 

address to the UN General Assembly on 8 December 1953 (268), was established in 1957 with the dual 

mandate to promote and control the uses of the atom. A lesser known specialised UN agency, the International 

Civil Aviation Organization (ICAO) came into being in April 1947 stemming from the signing of the 1944 
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Convention on International Civil Aviation (Chicago Convention). This convention had set down rules for civil 

aviation, to work with states and industry to reach consensus on civil aviation standards, recommend shared 

practices and to limit the military mobilisation of air forces (269) 

In Europe, discussions on the integration of agricultural policy began immediately after the Second World War 

had ended, though a policy did not appear until the 1960s. The European Coal and Steel Community, first 

proposed by French foreign minister Robert Schuman on 9 May 1950 as a way to make further war between 

France and Germany “not merely unthinkable but materially impossible" (270) ,was formally established in 1951; 

the European Atomic Energy Community (EURATOM) followed in 1958 to form a common market for the 

development of the peaceful uses of atomic energy, and a focus on the integration and interconnection of 

European electricity systems intensified with the work of the Committee of European Economic Co-operation and 

the International Power Programme. Coordination around European road construction and integration was 

enacted by the Inland Transport Committee (ITC), a unique intergovernmental forum of the United Nations 

Economic Commission for Europe set up in 1947 (54). All of these European reconstruction activities to build the 

peace were underpinned by Marshall plan aid and assistance from the USA.  

 

4.2.3 Summary: Second World War 
 

Perhaps the most profound imprint that was left by the shared sacrifice endured by so many during the Second 

World War was a yearning for peace and freedom. Indeed, individual freedom was the rallying call in a new and 

more global world (90). The era of mass consumption and abundance had arrived, underpinned by pipelines, 

refineries, runways, aircraft, centralised electricity grids, and intensified agriculture. However, the stability of this 

new era was predicated on the simultaneous centralisation of regulations and institutions coordinating 

sociotechnical systems at the national level and the increasing internationalisation of sociotechnical systems, 

trends that had in part been intensified in response to the unprecedented problems and logistical challenges of 

total war. As optimism grew for a new peace however, sociotechnical systems also continued to be entwined with 

military and defence imperatives under the ‘permanent mobilisation’ of the Cold War.  

 

4.3. World War One & Two and the consolidation of Meta-rules. 
 

In this section we discuss what rules and meta-rules can be identified from the analysis of the influence of 

mechanisms of total war and imprints of war on energy, food and transport. We do not claim that these rules 

were created by the wars. Rather they can be considered as inflections of modernity that were amplified and 

intensified through total war. There will likely be many other potential candidates for potential rules however the 

rules we now discuss are those that have emerged from the interpretive analysis above. In the aftermath of the 

Second World War, these rules manifest in all three sociotechnical systems and can therefore be considered 

meta-rules. 

The Imperative of achieving abundance and constant supply 

It was during the First World War that the importance of oil and challenges around securing its supply was fully 

recognised as a strategic problem on which state power depended, imprinting on post-war policy decisions and 

geopolitical strategy; challenges around sustaining supplies of electricity, producing sufficient amounts of food, 

and solving transport logistics were decisive factors in whether war would be won or lost. As the size and 

intensity of the war machine that the sociotechnical systems of energy, food and transport had to provide for 

reached an even greater scale in the Second World War, the pressures to overproduce and maintain a 

consistent delivery of oil, electricity, food rations, or transport flows, increased markedly. Mass pipeline 

construction, intensification in agricultural production and acceleration in use of new food preservation and 
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transportation techniques, as well as mass production of aircraft and expansion of infrastructural and logistical 

capabilities to ensure continual flow of aircraft, were all rapidly developed as a result of war. This system of 

abundance and constant supply was reconverted to civilian ends after the Second World War and systems now 

oriented around problems of abundance rather than scarcity in North America emerged. Europe was dominated 

by a condition of tragic scarcity after the Second World War, yet abundance and constancy of supply became a 

driving imperative in the rebuilding of Europe.  

Centralise 

The second proposed meta-rule is the imperative to centralise. Again, it seems that the First World War played a 

crucial role in aligning sociotechnical systems towards the tendency to centralise in response to particular 

demand pressures and logistical challenges This applies with regards to technical, institutional and regulatory 

domains. For example, both in terms of engineering solutions oriented around interconnection and new centrally 

coordinated management, electricity production was centralised during the First World War (81,128); New state 

institutions coordinated oil supply and food supply; nationalisation took place in some cases such as the railroads 

in the USA and the coal industry in the UK; the ‘anarchy’ of the automobile was ‘tamed’ through centralised 

approaches to traffic management and road construction. This meta-rule was imprinted in the post First World 

War environment however decayed through the 1920s. Centralisation became re-amplified as states once-again 

intervened more forcefully in response to the great depression and then mobilisation for the Second World War. 

The meta-rule of centralisation intensified to unprecedented levels during the Second World War seen, for 

example, in the re-application of centralised approaches to electricity grid management and specialised 

government roles to direct specific industries such as oil. This meta-rule of centralisation imprinted strongly in the 

‘golden age’ with increasingly large farm sizes, state-controlled energy systems, centralised electricity grids, 

large national R&D science programmes coordinated by new state organisations, and mass state investment in 

road infrastructure. Ultimately, the wars had influenced the emergence of increasingly autarkic and 

technologically-advanced nation states (135), predicated on centralised bureaucracies that at the time, appeared 

to have a new mastery to control and mobilise sociotechnical systems.   

Coordinate Internationally 

The centralisation processes were only one part of the dual move initiated by war. Some countries were more 

tightly integrated as a result of war. It seems counter-intuitive at first, given that the most obvious consequence of 

war in terms of geopolitics is to create divisions between nations. Yet, to meet the challenges of maintaining the 

delivery of sociotechnical systems for the functions of war, certain countries were brought closer together in order 

to deal with various logistical challenges (271). The First World War intensified the meta-rule to coordinate 

internationally. This can be seen with First World War developments including the Inter-Allied petroleum 

conference for oil and recognition of the importance of international coordination for an emergent air industry. 

Post-war policies and building the peace influenced internationalism to stabilise the management of 

sociotechnical systems. With the emergence of the League of Nations food supply group, discussions and 

platforms of integrating road traffic systems in Europe in the 1920s, and the Achnacarry agreement with respect 

to oil, this meta-rule persisted however dissipated in many areas by the 1930s. This meta-rule intensified once 

again with Inter-Allied coordination in the Second World War. This can be seen with the coordination of oil supply 

in the Second World War, the international exchanges of science and expertise essential for the Manhattan 

project,  and allied coordination to manage and coordinate the high volumes of air traffic for the war effort. Both 

with regards to maintaining the peace and managing abundance, international solutions were required after the 

war.  

synergise with defence imperatives 

After the First World War, military influence lingered in all three sociotechnical systems despite conditions of total 

war no longer officially being in place. For example the Highway Act in 1921 in the USA was directly related to 

military concerns about logistical bottlenecks, the strategic alliances forming after the First World War in relation 

to oil related to an oil frenzy sparked by recognition of the national security significance of oil. The military 
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importance of self-sufficiency in food supply was also a clear lesson from the First World War experience. After 

the Second World War the same trend became even more pronounced with developments in nuclear energy, 

interventions for oil supply, mass R&D investments in aircraft industry, and the expansion of use of DDT all being 

influenced by their continued military significance as part of a new cold war ‘military-industrial-complex’ (267). 

Rather than a shaper in exceptional times and confined to wartime, the growth of military power and ‘warfare 

states’ (40) left imprints that continued to profoundly influence sociotechnical systems. Particular strategic 

decisions that shaped the directionality of sociotechnical systems after both wars were often guided by which 

particular direction would benefit military-related priorities. Thus, this meta-rule is one where activities and 

decisions related to sociotechnical developments are shaped by how they are connected or may be of benefit to 

military aims.  

To summarise, it seems that during world wars certain rules intensify and are amplified by the specific 

environmental conditions of total war. These coordinate as meta-rules, being present in all three socio-technical 

systems. Drawing on the imprinting concept these meta-rules continued into peacetime after the First World War 

however experienced decay. However, with mobilisation for the Second World War and the subsequent conflict, 

these meta-rules were re-amplified once conditions of total war were once again established. Following the 

resumption of conflict, these meta-rules persisted and became crucial to the stabilisation of the post-world war 

two era of mass consumption. Although these rules and meta-rules should at this stage be considered 

propositional, a provisional conclusion regarding the role of wars in the first Deep Transition can be made as 

follows: the Role of the world wars in the culmination of the first deep transition is the intensification and 

stabilisation of meta-rules across sociotechnical systems.  

 

5. Discussion and Conclusion 
 

Our interpretive analysis has outlined how solving the unprecedented challenges of wartime influenced the 

energy, food, and transport systems creating new opportunities for certain technologies (such as oil or the 

automobile) while significantly destabilising or revealing weaknesses in other areas (such as coal, rail, or 

traditional farming methods). New policy capacities including increased state intervention, and the creation of 

new institutions to manage sociotechnical systems coalesced to form solutions to the unprecedented challenges 

of total war. New policy capacities were formed internationally with collaboration across borders to manage the 

delivery of what had become the shared over-arching function of each sociotechnical system: winning the war. 

Competition between different actors within sociotechnical systems were at times suspended and new forms of 

cooperation were developed around a sense of shared sacrifice and cooperation. These wartime mechanisms 

played a key role in enabling the integration of disparate electricity systems and the emergence particularly in 

North America of a surplus of pipelines, airplanes, runways, and intensified agricultural systems.  

We then discussed how the experiences of war imprinted on these systems in various ways, with the varied 

conditions of abundance in North America and scarcity in continental Europe manifesting after each conflict. 

Roads were constructed specifically related to military demands; institutions created in wartime continued in 

peacetime around key strategic resources such as oil; self-sufficiency in increasingly intensive agricultural 

production was pursued owing to wartime experiences of scarcity. While the partial decay of these imprints 

occurred with the return of market competition in the 1920s, these imprints were re-amplified in the build up to 

the Second World War and intensified during the conflict. The “tentacles of war” stretched into every nook and 

cranny of sociotechnical systems during the Second World War, however this time they did not retract but 

persisted in guiding the characteristics and the direction of travel of energy, food, and transport as meta-rules 

coordinating sociotechnical systems in a similar direction.   

In carrying out this analysis, this paper has contributed to a more material account of how the institutional 

changes observed in the Techno Economic Paradigms (TEP) approach and other accounts of wartime 
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transformation are influenced by the particular problems and challenges facing sociotechnical systems and their 

reorientation to deliver a wartime function. The DT framework posits that rules that underpin great surges of 

development originate in sociotechnical systems which become aligned across systems as meta-rules 

coordinating sociotechnical systems in the same direction. While we refrain from discussing the origins of the 

rules that we have identified, we outlined how achieving abundance and constancy of supply, centralisation, 

internationalisation, and a tendency towards synergising with military and defence imperatives intensified during 

both world wars and persisted in the post-Second World War era across the transatlantic zone.  

Pertinent to the DT framework, Pickering (19, p.5) refers to the emergence of the “world war two regime” where 

“pre-war boundaries between science and the military were breached” and where transformations in science and 

the military “…were sustained by those breaches and flows”. It could be posited that the same breaching process 

was evident across the three sociotechnical systems of energy, food, and transport, where through the 

intensified and amplified meta-rules that persisted after World War II, the “World War Two Regime” continued to 

develop and mutate across sociotechnical systems in the enduring permanent mobilisation of the Cold War. This 

regime constitutes a ‘rule set’ that was amplified and persisted as a result of total war.  

Returning to the overarching framework of Deep Transitions, a value of the imprinting concept is that it enables 

an understanding of how ‘macro-events’ can have enduring effects on sociotechnical systems. The way in which 

imprints endure is that rules and meta-rules amplified during wartime become embedded in sociotechnical 

systems. What can be considered as the paradox of total war, sees an ‘external’ landscape event for a brief and 

limited time period, engulfing both the regime and niche levels of the MLP driving and indeed enforcing disruptive 

and redirected system change. Overtime, this engulfment recedes in peacetime to a more normal background 

condition. Intensified meta-rules, amplified by wartime, can however continue to influence sociotechnical systems 

even though the story of their intensification by war may long be forgotten. Another point requires further 

elaboration in relation to the DT perspective however. This is the question of how imprinting functions in relation 

not just to sociotechnical systems but also the landscape category of the MLP. In onward work on the 

development of the food system and chemical weapons, we explore how imprinting can also have influence in 

changing the landscape in terms of broader symbolic shared memories and expectations that result from the 

experiences of total war.  

Beyond the DT framework, a broader point with regards to sustainability transitions is how issues of warfare and 

the military can be accommodated in future research. Indeed, whether it is the development of the aeroplane as 

a military rather than civil technology (65),or the links between developments in food and agriculture systems 

with chemical weapons, the continual ties between oil exploitation and military power (170,272) and the ongoing 

imprints of defence-related nuclear activities on civil nuclear power trajectories (273–277) a more dynamic 

interplay between war and the military and sociotechnical systems seems to be at play that warrants closer 

attention. The implications for this are significant, as it draws attention to the need to problematise and probe the 

neat categories often assumed in transitions research between different ‘sectors’ or ‘regimes’ (278), and more 

generally of a “…division, implicit but powerful, between things which belong to the realm of the military and 

those in the world of science and technology that are taken to be essentially civilian” (279, p.138). 

It is worth briefly considering the contemporary implications of this research in terms of emergence of a second 

deep transition and transformation agendas more generally (1,3). With regards to issues such as rapid climate 

change mitigation for example, calls are increasingly being made by some climate activists, NGOs, economists, 

and politicians, for a “mass mobilisation” similar to the industrial feats achieved in the United States during the 

Second World War (48,97,280). In other words, mass mobilisation for a ‘war against climate change’. We caution 

against this approach however. Whilst mechanisms of war are useful in thinking about particular mobilising 

forces, the dangers of securitisation discourse and the unsustainability and horror of war emphasises the need to 

examine mobilising forces that are not reliant on war and ‘external enemies’ but rather are centred on the 

promotion of peace. Future research could therefore examine how different landscape dynamics outside of war 

and military influence can assist in understanding the diversity of mobilising forces.  
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We argue that the evidence put forward in this paper regarding the central role of the world wars in influencing 

the development of sociotechnical systems, are relevant to thinking through questions of why transformations to 

sustainability are not occurring at the speed and depth deemed necessary. Indeed, the enduring influence of 

imprints of war that we have emphasised in this paper, highlights just how implicated systems of mass violence 

have been in accelerating and shaping the development of centralised sociotechnical systems with an insatiable 

appetite for fossil fuels that have contributed to the production of numerous and enduring environmentally 

destructive processes. 

In short, the synergistic relations between military systems and sociotechnical systems for food, energy, and 

transport that emerged through the course of the two world wars and sustained as the ‘Military Industrial 

Complex’, were central components of the acceleration to a condition of unsustainability. Sustainability 

transitions research and ongoing policy discussions on climate change mitigation and other challenges, could 

consider more centrally in their analysis and ongoing scenario work, difficult questions around what the role of 

war and the vast energy intensive and fossil-fuel dependent war machines that have evolved since World War II 

will be in future sustainability trajectories. It could even be questioned whether the enduring commitments to 

military systems and the massive R&D expenditures accompanying these commitments are compatible with 

ambitious goals around rapid emissions reductions and the like.   Considering such questions and foregrounding 

the promotion of peace as a key component of sustainability, is arguably a more useful endeavour for 

sustainability research than joining the worrying contemporary embrace of war rhetoric.  

Acknowledgements  
 

This work was supported by James Anderson and Baillie Gifford & Co. We are very grateful to our Deep 

Transitions colleagues Johan Schot, Ed Steinmueller, Laur Kanger, Bipashyee Gosh, Frederique Bone, Daniele 

Rotolo, Florian Kern, Helen Sharp, and Geraldine Bloomfield for their useful feedback and assistance as this 

research has progressed. We also give thanks to all those that attended our workshop on Deep Transitions and 

War in June 2018. Thanks to Jon Agar and David Edgerton for useful discussions on this topic. This work has 

benefited from many conversations with colleagues at the Science policy Research Unit (SPRU), University of 

Sussex, including Tim Foxon, Andy Stirling, Sabine Hielscher, Rob Byrne, Marie Claire Brisbois, Divya Scharma, 

Matthew Lockwood, Paul Kivimaa, Adrian Ely, Adrian Smith, Barbara van Dyck, and Matias Ramirez. Thanks to 

Jonas Torrens now at the University of Utrecht for some very useful discussions and for introducing Phil to 

‘systematic combining’ methods. Thanks also to those that attended a discussion and gave useful feedback 

when we presented a version of this paper at the IST 2019 conference in Ottawa. We are also grateful to Michael 

Hopkins at SPRU, and Brianne McGonigle at the University of Utrecht who both commented on earlier drafts of 

this paper. We thank the two reviewers of this working paper and the SWPS editors, whose comments 

contributed to substantially improving its content. All remaining flaws of course remain our own.  

References 
 

1.  Schot J, Kanger L. Deep transitions: Emergence, acceleration, stabilization and directionality. Res Policy 
[Internet]. 2018;47(6):1045–59. Available from: https://doi.org/10.1016/j.respol.2018.03.009 

2.  Perez C. Technological revolutions and finance capital. Cheltenham: Edward Elgar; 2002.  

3.  Perez C. The advance of technology and major bubble collapses: Historical regularities and lessons for 
today. Engelsb Semin Futur Capital …. 2010;33(4):1–9.  

4.  Kanger L, Schot J. Deep transitions: Theorizing the long-term patterns of socio-technical change. 
Environ Innov Soc Transitions [Internet]. 2019;32(July 2018):7–21. Available from: 
https://doi.org/10.1016/j.eist.2018.07.006 



27 

 

5.  Freeman C, Perez C. Structural Crises Of Adjustment. In: Dosi G, Freeman C, Nelson R, Silverberg G, 
Soete L, editors. Technical Change and Economic Theory. London: Pinter Publishers; 1988. p. 38–66.  

6.  Perez C. Technological Revolutions and Financial Capital: The Dynamics of Bubbles and Golden Ages. 
Cheltenham: Edward Elgar; 2002.  

7.  De Swann A. In care of the state: health care, education, and welfare in Europe and America. 
Cambridge: Polity Press; 1988.  

8.  Kettunen P. Wars, nation, and the welfare state in Finland. In: Obinger H, Petersen K, Starke P, editors. 
Warfare & Welfare: Military conflcit and welfare state development in Western countries. Oxford: Oxford 
University Press; 2018. p. 260–89.  

9.  Agar J. Science in the Twentieth Century and Beyond. Cambridge: Polity Press; 2012.  

10.  Roland A. Science, Technology and War. Technol Cult. 1995;36(2):s83–100.  

11.  Schaffer R. America in the Great War: The Rise of the War Welfare State. OXford: Oxford University 
Press; 1991.  

12.  Starke P. The impact of war on welfare state development in Germany. In: Obinger H, Petersen K, 
Starke P, editors. Warfare & Welfare: Military conflcit and welfare state development in Western 
countries. Oxford: Oxford University Press; 2018. p. 36–66.  

13.  Titmuss R. Essays on the welfare state. London: Unwin University Books; 1958.  

14.  Obinger H, Petersen K, Starke P. Introduction: Studying the Welfare-War Nexus. In: Obinger H, Petersen 
K, Starke P, editors. Warfare and Welfare: Military conflict and welfare state development in Western 
countries. Oxford: Oxford University Press; 2018.  

15.  Dryzek J, Goodin RE. Risk-Sharing and Social Justice: The Motivational Foundations of the Post-War 
Welfare State. Br J Polit Sci. 1986;16(1):1–34.  

16.  Lowe R. The second world war, consensus, and the foundation of the welfare state. Twent Century Br 
Hist. 1990;1(2):152–82.  

17.  Krige J. Atoms for Peace, Scientific Internationalism, and Scientific Intelligence. Osiris [Internet]. 
2006;21(1):161–81. Available from: http://www.journals.uchicago.edu/doi/10.1086/507140 

18.  Davis D., Stammers J. The Effect of World War II on Industrial Science. Proc R Soc London Ser A Math 
Phys Sci. 1975;342(1631):505–18.  

19.  Pickering A. Cyborg history and the World War II regime. Vol. 3, Perspectives on Science. 1995. p. 1–48.  

20.  Geels FW. The multi-level perspective on sustainability transitions: Responses to seven criticisms. 
Environ Innov Soc Transitions [Internet]. 2011 Jun [cited 2013 Aug 11];1(1):24–40. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S2210422411000050 

21.  Sorrell S. Explaining sociotechnical transitions: A critical realist perspective. Res Policy [Internet]. 
2018;47(7):1267–82. Available from: https://doi.org/10.1016/j.respol.2018.04.008 

22.  Hermwille L. The role of narratives in socio-technical transitions—Fukushima and the energy regimes of 
Japan, Germany, and the United Kingdom. Energy Res Soc Sci [Internet]. 2016;11:237–46. Available 
from: http://linkinghub.elsevier.com/retrieve/pii/S2214629615300700 

23.  Kern F, Mitchell C. Policy Paradigms as part of the landscape: How do policy paradigms influence 
attempts to govern transitions? 2010;(April):7–9.  

24.  Geels FW. From sectoral systems of innovation to socio-technical systems: Insights about dynamics and 
change from sociology and institutional theory. Res Policy. 2004 Sep;33(6–7):897–920.  

25.  Rip A, Kemp R. Towards a Theory of Socio-Technical Change. Twente; 1996.  



28 

 

26.  Savaget P, Geissdoerfer M, Kharrazi A, Evans S. The theoretical foundations of sociotechnical systems 
change for sustainability: A systematic literature review. J Clean Prod [Internet]. 2019;206:878–92. 
Available from: https://doi.org/10.1016/j.jclepro.2018.09.208 

27.  Smith E. The Army and Economic Mobilization (United States Army in World War II: The War 
Department). Washington DC: Centre for Military History USA; 2015.  

28.  Marwick A. War and Social Change in the Twentieth Century. Basingstoke: Palgrave Macmillan; 1974.  

29.  Broadberry S, Howlett P. Blood, sweat and tears: british mobilisation for world war ii. In: Chickering R, 
editor. A World at Total War: Global Conflict and the Politics of Destruction, 1939-1945. Cambridge: 
Cambridge Univ. Press; 2004. p. 1939–45.  

30.  S Ö, Nagler J (Ed’s). On the Road to Total War: The American Civil War and the German Wars of 
Unification, 1861-1871. New York; 1996.  

31.  Strachan H. On total war and modern war. Int Hist Rev. 2000;22(2):341–70.  

32.  Geyer M, Tooze A, editors. Total War: Economy, Society and Culture. Cambridge: Cambridge Univ 
Press; 2015.  

33.  Boemeke M. Anticipating Total War: The German and American Experiences, 1871-1914. New York;  

34.  Van Creveld M. Technology and war: From 2000 b.c to the present. New York: The Free Press; 1991.  

35.  Gropman A, editor. The Big L: American Logistics in World War II [Internet]. Washington: National 
Defense University Press; 1997. 447 p. Available from: https://apps.dtic.mil/dtic/tr/fulltext/u2/a421840.pdf 

36.  Carter W. Beans, Bullets, and Black Oil The Story of Fleet Logistics Afloat in the Pacific During World 
War II. Washington: U.S Government Printing Office; 1953.  

37.  Rip A, Kemp R. Technological change. In: Rayner S, Malone EL, editors. Human choice and climate 
change Vol II, Resources and Technology. Columbus, Ohio: Battelle Press; 1998. p. 327–99.  

38.  Marquis C, Tilcsik A. Imprinting: Toward a Multilevel Theory. Acad Manag Ann [Internet]. 2013;7(1):195–
245. Available from: http://journals.aom.org/doi/10.5465/19416520.2013.766076 

39.  Mitchell T. Carbon democracy. Econ Soc. 2009;38(3):399–432.  

40.  Yergin D. The Prize: the Epic quest for oil, power and money. New York: Simon & Schuster; 2009.  

41.  Bright CD. The Jet Makers: The Aerospace Industry from 1945 to 1972 [Internet]. Kansas: The Regents 
Press; 1976. Available from: http://www.generalatomic.com/jetmakers/chapter1.html 

42.  Cohn J. The grid: biography of an American technology. Cambridge MA: MIT Press; 2017.  

43.  Quick J, Murphy E. The Fortification of Foods: a review. Agric Handb [Internet]. 1982;no 598. Available 
from: https://naldc.nal.usda.gov/download/CAT87209052/PDF 

44.  Schneidel W. The Great leveller: violence and the history of inequality from the stone age to the twenty-
first century. Princeton: Princeton University Press; 2017.  

45.  Smith T. The two World Wars and social policy in France. In: Obinger H, Petersen K, Starke P, editors. 
Warfare & Welfare: Military conflcit and welfare state development in Western countries. Oxford: Oxford 
University Press; 2018. p. 127–48.  

46.  Herman A. Freedom’s forge: How American business produced victory in World War II. New York: 
Random House; 2012.  

47.  Milward AS. War , Economy and Society: 1939-1945. Berkeley: University of California Press; 1979.  

48.  Delina LL, Diesendorf M. Is wartime mobilisation a suitable policy model for rapid national climate 



29 

 

mitigation? Energy Policy [Internet]. 2013;58:371–80. Available from: 
http://dx.doi.org/10.1016/j.enpol.2013.03.036 

49.  Mowery D. Military R&D and Innovation. In: Handbook of the Economics of Innovation [Internet]. 
Available from: https://www.sciencedirect.com/science/article/pii/S0169721810020137 

50.  Martin B. Technology, Violence, And Peace. Encycl Violence, Peace, Confl. 2010;3:2044–55.  

51.  Hartcup G. The effect of science on the Second World War. Vol. 53. London: Palgrave MacMillan; 2000.  

52.  Rappert B, Balmer B, Stone J. Science, Technology and the Military: Priorities, Preoccupations and 
Possibilities. Handb Sci Technol Stud [Internet]. 2008;719–39. Available from: 
http://discovery.ucl.ac.uk/50424/ 

53.  van der Vleuten E. Radical change and deep transitions: Lessons from Europe’s infrastructure transition 
1815-2015. Environ Innov Soc Transitions [Internet]. 2018;(November 2017):1–11. Available from: 
http://dx.doi.org/10.1016/j.eist.2017.12.004 

54.  Schipper FC. Driving Europe : building Europe on roads in the twentieth century [Internet]. Technology 
and European history series. Eindhoven: Foundation for the History of Technology; 2008. Available from: 
http://link.libris.kb.se/sfxlibris-hiha?url_ver=Z39.88-2004&ctx_ver=Z39.88-
2004&ctx_enc=info:ofi/enc:UTF-
8&rfr_id=info:sid/sfxit.com:opac_856&url_ctx_fmt=info:ofi/fmt:kev:mtx:ctx&sfx.ignore_date_threshold=1&
rft.object_id=2670000000114395&svc_val_fmt=info: 

55.  Lagendijk V. Electrifying Europe: the power of Europe in the construction of electricity networks [Internet]. 
Vol. 2, Europe. Eindhoven: Aksant; 2008. Available from: 
http://books.google.com/books?hl=en&amp;lr=&amp;id=Il3TmNUqs1kC&amp;oi=fnd&amp;pg=PA1&amp
;dq=Electrifying+Europe.+The+power+of+Europe+in+the+construction+of+electricity+networks&amp;ots
=8df8lTLMnE&amp;sig=cuKLfQ2g-oxHAIAqIgFYmrDQCMg 

56.  Edgerton D. The Rise and Fall of the British Nation: A Twentieth Century History. Milton Keynes: Allen 
Lane; 2018.  

57.  Edgerton D. Britain’s war machine: Weapons, resources, and experts in the Second World War. Oxford: 
Oxford University Press; 2011.  

58.  Stoff M. Oil, war, and American security: the search for a national policy on foreign oil, 1941-1947. New 
Haven: Yale University Press; 1980.  

59.  Evenden M. Allied power: mobilising hydro-electricity during Canada’s Second World War. Toronto: 
Toronto University Press; 2015.  

60.  Evenden M. Mobilizing Rivers: Hydro-electricity, the State and the Second World War in Canada. Ann 
Assoc Am Geogr. 2009;99(5):845–55.  

61.  Nye D. Path Insistence: Comparing European and American Attitudes toward Energy. J Int Aff. 
1999;53(1):129.  

62.  Painter DS. The Marshall Plan and oil. Cold War Hist. 2009;9(2):159–75.  

63.  Coccia M. A Theory of the General Causes of Long Waves: War, General Purpose Technologies, and 
Economic Change. Technol Forecast Soc Change [Internet]. 2018;128(November 2016):287–95. 
Available from: https://doi.org/10.1016/j.techfore.2017.11.013 

64.  Modelski G. What causes K-waves? Technol Forecast Soc Change. 2001;68(1):75–80.  

65.  Geels IFW. The dynamics of transitions in socio-technical systems: A multi-level analysis of the transition 
pathway from horse-drawn carriages to automobiles (1860-1930). Technol Anal Strateg Manag. 
2005;17(4):445–76.  



30 

 

66.  Geels FW. Technological transitions as evolutionary reconfiguration processes: a multi-level perspective 
and a case-study. Res Policy [Internet]. 2002 Dec;31(8–9):1257–74. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S0048733302000628 

67.  Geels F. Co-evolution of technology and society: The transition in water supply and personal hygiene in 
the Netherlands (1850–1930)—a case study in multi-level perspective. Technol Soc [Internet]. 2005 Aug 
[cited 2014 Dec 12];27(3):363–97. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S0160791X05000308 

68.  Turnheim B, Geels FW. Regime destabilisation as the flipside of energy transitions: Lessons from the 
history of the British coal industry (1913–1997). Energy Policy [Internet]. 2012 Nov [cited 2013 Aug 
6];50:35–49. Available from: http://linkinghub.elsevier.com/retrieve/pii/S0301421512003655 

69.  Turnheim B, Geels FW. The destabilisation of existing regimes: Confronting a multi-dimensional 
framework with a case study of the British coal industry (1913-1967). Res Policy [Internet]. 
2013;42(10):1749–67. Available from: http://dx.doi.org/10.1016/j.respol.2013.04.009 

70.  Geels FW, Schot J. Typology of sociotechnical transition pathways. Res Policy [Internet]. 2007 Apr [cited 
2013 Aug 6];36(3):399–417. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S0048733307000248 

71.  Johnstone P, Stirling A. Comparing nuclear trajectories in Germany and the UK: fromm regimes to 
democracies in social technical transitions and discontinuities.  

72.  Perez C. Great Surges of development and alternative forms of globalization. Tallin; 2007. (Working 
papers in technology governance and economic dynamics).  

73.  Hughes T. Networks of power: Electrification In western Society, 1880-1930. Baltimore: Johns Hopkins 
University Press; 1985.  

74.  Mom G. Atlantic Automobilism: Emergence and Persistence of the Car 1895-1940. Oxford: Berghahn 
Books; 2015.  

75.  Schot J, Rip A. inventing the power of modernization. In: Shot J, Linsten H, Rip A, editors. Technology 
and the making of the Netherlands: the age of contested modernization, 1890-1970. Cambridge MA: MIT 
Press; 2010. p. 13–35.  

76.  Cowan R. Nuclear Power Reactors: A Study in Technological Lock-in. J Econ Hist [Internet]. 1990 Mar 
3;50(03):541–67. Available from: http://www.journals.cambridge.org/abstract_S0022050700037153 

77.  Mowery DC. Defense-related R&D as a model for “grand Challenges” technology policies. Res Policy 
[Internet]. 2012;41(10):1703–15. Available from: http://dx.doi.org/10.1016/j.respol.2012.03.027 

78.  Foray D, Mowery DC, Nelson RR. Public R&D and social challenges: What lessons from mission R&D 
programs? Res Policy [Internet]. 2012;41(10):1697–702. Available from: 
http://dx.doi.org/10.1016/j.respol.2012.07.011 

79.  Nelson R, Winter G. An Evolutionary Theory of Technological Change. Cambridge MA: Harvard 
University Press; 1982.  

80.  Freeman C, Soete L. The Economics of Industrial Innovation. Padstow: Thompson; 1997.  

81.  Mazzucato M. Mission-Oriented Research and Innovation in the European Union: A problem-solving 
approach to fuel innovation-led growth [Internet]. Brussels: European Commission; 2018. 36 p. Available 
from: https://ec.europa.eu/info/sites/info/files/mazzucato%7B_%7Dreport%7B_%7D2018.pdf 

82.  Mazzucato M. The Entrepreneurial State: Debunking Public vs. Private Sector Myths. Anthem Press; 
2015. 285 p.  

83.  Chiang J-T. Technological Spin-Off Its Mechanisms. Technol Forecast Soc Chang. 1992;41:365–90.  



31 

 

84.  Chin W. Technology, war and the state: past, present and future. Int Aff. 2019;95(4):765–83.  

85.  Buzan B, Gautam S. The impact of military research and development priorities on the evolution of the 
civil economy in capitalist states. Rev Int Stud. 1990;16(4):321–39.  

86.  Agar J, Balmer B. British Scientists and the Cold War : The Defence Research Policy Committee and 
Information Networks , 1947-1963. Hist Stud Phys Biol Sci. 1998;28(2):209–52.  

87.  Purdue A. The Transformative Impact of World War II. Eur Hist Online [Internet]. 2016; Available from: 
http://ieg-ego.eu/en/threads/alliances-and-wars/war-as-an-agent-of-transfer/a-w-purdue-the-
transformative-impact-of-world-war-ii 

88.  Petersen K, Sorensen N. From military state to welfare state: the warfare-welfare nexus in Denmark 
1848-1950s. In: Obinger H, Petersen K, starke  p, editors. Warfare & Welfare: Military conflcit and 
welfare state development in Western countries. Oxford: Oxford University Press; 2018. p. 290–319.  

89.  Klausen J. War and welfare: Europe and the United States 1945 to present. New York: St Martin’s Press; 
1998.  

90.  Lowe K. The Fear and the Freedom: How the Second World War changed us. London: Penguin Books; 
2017.  

91.  Vitale P. Wages of War: Manufacturing Nationalism During World War II. Antipode. 2011;43(3):783–819.  

92.  Goldin C, Margo R. The Great compression: the wage structure in the United States at Mid-Century. Q J 
Econ. 1992;CVII(1).  

93.  Davies D., Stammers J. The Effect of World War II on Industrial Science. Proc R Soc London Ser A`. 
1975;342(1631):505–18.  

94.  Pearton M. The Knowledgeable State: Diplomacy, War and Technology since 1830. UK: Burnett Books; 
1982.  

95.  Krige J. American Hegemony and the Postwar Reconstruction of Science in Europe (review). Vol. 49, 
Technology and Culture. Boston MA: MIT Press; 2006. 489–491 p.  

96.  Thomas W. The heuristics of war: Scientific method and the founders of operations research. Br J Hist 
Sci. 2007;40(2):251–74.  

97.  Rockoff H. THE U.S. ECONOMY IN WWII AS A MODEL FOR COPING WITH CLIMATE CHANGE 
[Internet]. NBER Working Paper Series. Cambridge MA; 2016. (MBER Working Paper Series). Report 
No.: 22590. Available from: https://www.nber.org/papers/w22590.pdf 

98.  Goralski R, Freeburg R. Oil & War: How the Deadly Struggle for Fuel in WWII Meant Victory or Defeat. 
London: William Morough and Company; 1987.  

99.  Yergin D. The prize; the epic quest for oil, money, and power. New York: Free Press; 2009.  

100.  Edgerton D. England and the Aeroplane: Militarism, Modernity, and Machines. London: Penguin; 1991.  

101.  Moser K. World War 1 and the desire for the automobile in Germany. In: Strasser S, McGovern C, Judt 
M, editors. Getting and Spending: European and American Consumer Societies in the Twentieth 
Century. Cambridge: Cambridge University Press; 1998. p. 195–222.  

102.  Staudenmaier P. Organic farming in Nazi Germany: The politics of biodynamic agriculture, 1933-1945. 
Environ Hist Durh N C. 2013;18(2):383–411.  

103.  Dubois A, Gadde L-E. Systematic combining: an abductive approach to case research. J Bus Res. 
2002;55:553–60.  

104.  Torrens J. THE FORMATION OF FAVOURABLE ENVIRONMENTS FOR URBAN 
EXPERIMENTATION : CONTEXTUAL DYNAMICS AND TRANSFORMATIVE CAPACITIES IN 



32 

 

BRISTOL AND [Internet]. University of Sussex; 2018. Available from: 
http://sro.sussex.ac.uk/id/eprint/84943/1/Colen Ladeia Torrens%2C Jonas.pdf 

105.  Shaw M. Dialectics of War AN ESSAY IN THE SOCIAL THEORY OF TOTAL WAR. London: Pluto 
Press; 1988.  

106.  Marwick A, editor. Total War and social change. Basingstoke: Palgrave; 1988.  

107.  Chickering R. World War I and the Theory of Total War Reflections on the British and German Cases, 
1914-1915. In: Chickering R, Förster S, editors. Great War, Total War Combat and Mobilization on the 
Western Front,1914–1918. Cambridge: Cambridge University Press; 2013. p. 35–6.  

108.  Caplan B. How does war shock the economy? J Int Money Financ. 2002;21(2):145–62.  

109.  Olson M. The economics of wartime shortage: a history of British food supplies in the Napoleonic War 
and in World Wars I and II. Durham, NC: Duke University Press; 1963.  

110.  Broadberry S, Harrison M, editors. The Economics of World War 1. Cambridge: Cambridge University 
Press; 2005.  

111.  Picketty T. Capital in the Twenty-First Century. Boston MA: Edition Du Seuil; 2013.  

112.  Overy R. Why the allies won. New York: W. W. Norton & Company; 1995.  

113.  Berenskoetter F, Williams MJ, editors. Power in World Politics.  

114.  Weiss TG. The United Nations: Before, during and after 1945. Int Aff. 2015;91(6):1221–35.  

115.  Bernstein B. The Automobile Industry and the Coming of the Second World War. Southwest Soc Sci Q 
[Internet]. 1966;1(1):22–33. Available from: 
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:The+Automobile+Industry+and+the+Co
ming+of+the+Second+World+War#1 

116.  Stinchcombe A. Social structure and organizations. In: Baum J, Dobbin F, editors. Economics Meets 
Sociology in Strategic Management. Bingley: Emerald Group Publishing Limited; 2000. p. 229–59.  

117.  Battilana J. Agency and institutions: The enabling role of individuals’ social position. Organization. 
2006;13(5):653–76.  

118.  Roe Smith M, editor. Military Enterprise and Technological change: perspectives on the American 
experience. Boston: MIT Press; 1985.  

119.  Kier E, Krebs R., editors. In war’s wake: International conflict and the fate of liberal democracy. 
Cambridge: Cambridge University Press; 2010.  

120.  Smil V. War and Energy. Encycl Energy. 2004;6:363–71.  

121.  UN. Lessons of Second World War Must Continue to Guide United Nations Work, General Assembly 
Told During Meeting Marking Seventieth Anniversary [Internet]. United Nations Webpages. 2015 [cited 
2018 Oct 6]. Available from: https://www.un.org/press/en/2015/ga11641.doc.htm 

122.  Arthur W. Increasing Returns and Path-dependency in the Economy. Ann Arbor: University of Michigan 
Press; 1994.  

123.  David PA. Clio and the Economics of QWERTY. Am Econ Rev. 1985;75(2):332–7.  

124.  Klitkou A, Bolwig S, Hansen T, Wessberg N. The role of lock-in mechanisms in transition processes: The 
case of energy for road transport. Environ Innov Soc Transitions [Internet]. 2015;16:22–37. Available 
from: http://dx.doi.org/10.1016/j.eist.2015.07.005 

125.  Unruh GC. Escaping carbon lock-in. Energy Policy. 2002 Mar;30(4):317–25.  



33 

 

126.  Cairns RC. Climate geoengineering: issues of path-dependence and socio-technical lock-in. Wiley 
Interdiscip Rev Clim Chang [Internet]. 2014 Jun 27 [cited 2014 Jul 1];n/a-n/a. Available from: 
http://doi.wiley.com/10.1002/wcc.296 

127.  Delrio P, Unruh G. Overcoming the lock-out of renewable energy technologies in Spain: The cases of 
wind and solar electricity. Renew Sustain Energy Rev [Internet]. 2007 Sep [cited 2014 May 
30];11(7):1498–513. Available from: http://linkinghub.elsevier.com/retrieve/pii/S1364032106000062 

128.  Schubert C, Sydow J, Windeler A. The means of managing momentum: Bridging technological paths and 
organisational fields. Res Policy. 2013;42(8):1389–405.  

129.  Hughes T. Technological momentum. In: Smith M., Marx L, editors. Does Technology Drive History?: 
The Dilemma of Technological Determinism. Boston: MIT Press; 1994. p. 106–132.  

130.  Walker W. Nuclear Entrapment: THORP and the Politics of Commitment. Southampton: Institute for 
Public Policy Research; 1999.  

131.  Walker W. Entrapment in large technology systems: institutional commitment and power relations. Res 
Policy. 2000;29(7–8):833–46.  

132.  Fuenfschilling L, Truffer B. Technological Forecasting & Social Change The interplay of institutions , 
actors and technologies in socio-technical systems — An analysis of transformations in the Australian 
urban water sector. Technol Forecast Soc Chang [Internet]. 2016;103:298–312. Available from: 
http://dx.doi.org/10.1016/j.techfore.2015.11.023 

133.  Kaiser W, Schot J. Writing the rules for Europe: Experts, cartels, and international organisations. 
Basingstoke: Palgrave Macmillan; 2014.  

134.  Perren R. Farmers and consumers under strain: Allied meat supplies in the First World War. Agric Hist 
Rev. 2005;53(2):212–28.  

135.  Tilly C. Coercion, Capital, and European States, AD 990-1992. Cambridge: Blackwell; 1990.  

136.  Leo P. The emergence of strategic resources in world politics: A study of Petroleum and the international 
system. Michigan: Ann Arbour; 1978.  

137.  Yergin D. The First War to Run on Oil. Wall Street Journal [Internet]. 2014 Aug 14 [cited 2018 Aug 16]; 
Available from: https://www.wsj.com/articles/the-first-war-to-run-on-oil-1408045343 

138.  Supple B. The history of the British coal industry: 1913-1946 The political economy of decline. Oxford: 
Oxford University Press; 1987.  

139.  Chancerel P. Raw materials. Int Encycl First World War [Internet]. 2015;(July):143–90. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/B9780953194940500093 

140.  Hannah L. Electricity before nationalisation: a study of the development of the electricity supply industry 
in Britain to 1948. London: Macmillan Press; 1979.  

141.  Hughes T. Networks of Power: electrification in western society 1880-1930. Baltimore: Johns Hopkins 
University Press; 1983.  

142.  White B. Feeding the war effort: Agricultural experiences in First World War Devon, 1914-17. Agric Hist 
Rev. 2010;58(PART 1):95–112.  

143.  Davies B. Home Fires Burning: Food, Politics, and Everyday Life in World War I Berlin. North Carolina: 
North Carolina University Press; 2003.  

144.  FRIEDMA H, McMICHAEL P. AGRICULTURE AND THE STATE SYSTEM: The rise and decline of 
national agricultures, 1870 to the present. Sociol Ruralis [Internet]. 1989;29(2):93–117. Available from: 
http://doi.wiley.com/10.1111/j.1467-9523.1989.tb00360.x 



34 

 

145.  Martiin C, Pan-Montojo J, Brassley P, editors. Agriculture in Capitalist Europe, 1945–1960. London: 
Routledge; 2016.  

146.  National Museum of American History. A System for Abundance [Internet]. National Museum of 
American History Webpages. 2019 [cited 2019 Apr 22]. Available from: 
https://americanhistory.si.edu/food/new-and-improved/system-abundance 

147.  Rockoff H. UNTIL IT’S OVER, OVER THERE: THE U.S. ECONOMY IN WORLD WAR I [Internet]. NBER 
Working Paper Series. Cambridge MA; 2004. (NBER Working Paper series). Report No.: 10580. 
Available from: https://www.nber.org/papers/w10580 

148.  Taylor AJ. War by Timetable: How the First World War Began. London: Leo Books; 1969.  

149.  Whitmore M. TRANSPORT AND SUPPLY DURING THE FIRST WORLD WAR [Internet]. Imperial War 
Museum Webpages. 2018. Available from: https://www.iwm.org.uk/history/transport-and-supply-during-
the-first-world-war 

150.  Gibbs-Smith CH. Aviation: an historical survey from its origins to the end of World War II. London: 
Cromwell Press; 2000.  

151.  Podobnik B. Toward a sustainable energy regime: A long-wave interpretation of global energy shifts. 
Technol Forecast Soc Change. 1999;62(3):155–72.  

152.  Ediger V, Bowlus J V. A FAREWELL to KING COAL: GEOPOLITICS, ENERGY SECURITY, and the 
TRANSITION to OIL, 1898-1917. Hist J. 2019;62(2):427–49.  

153.  Clark J. The Political Economy of World Energy. Hemel Hemstead: Harvester Wheasheaf; 1990.  

154.  Gibson M. Britain’s quest for oil: the first world war and the peace conferences. Solihull: Helion & 
Company; 2017.  

155.  Court WHB. Problems of the British Coal Industry between the Wars. Econ Hist Rev. 1945;15(1/2):1–24.  

156.  Podobnik B. Global Energy Shifts. Philadelphia: Temple University Press; 2006.  

157.  Butler S. The nature of UK electricity transmission and distribution networks in an intermittent renewable 
and embedded electricity generation future. London; 2001.  

158.  Brassley P. Output and technical change in twentieth-century British agriculture. Secur Stud. 
2000;48(1):60.  

159.  Black B. Crude Reality. Plymouth: Rowman & Littlefield Publishers; 2012.  

160.  Black B. How World War I ushered in the century of oil [Internet]. The Conversation. 2017. Available 
from: https://theconversation.com/how-world-war-i-ushered-in-the-century-of-oil-74585 

161.  Zweiniger-Bargielowska I, R D, Drouard A, editors. Food and War in Twentieth Century Europe. London: 
Routledge; 2011.  

162.  Thelen M. Federal Control of Railroads in War Time. Ann Am Acad Pol Soc Sci. 1918;76:14–24.  

163.  Auzanneau M. Oil Power and War: A Dark History. London: Chelsea Green Publishing Co; 2018.  

164.  Sand PH, Freitas Sousa J De, Pratt G. an Historical Survey of International Air Law Before the Second 
World War. McGILL LAW J. 1952;4(1804).  

165.  Williamson H., Andreano R., Daum A., Klose G. The American petroleum industry volume II: The age of 
energy 1899-1959. Evanston: Northwestern University Press; 1963.  

166.  The Times. House of Commons: Mr. Lloyd Georges’ speech. The Times. 1916 Dec 20;10 & 12.  

167.  McCowen D. How WWI food propaganda forever changed the way Americans eat [Internet]. The 



35 

 

Takeout. 2017 [cited 2019 Jun 12]. Available from: https://thetakeout.com/how-wwi-food-propaganda-
forever-changed-the-way-america-1798259481 

168.  Bentley A. Eating for victory: food rationing and the politics of domesticity. Illinois: University of Illlinois 
Press; 1998.  

169.  Fisk G. Henry Ford and the World Wars [Internet]. Michigan Technological University webpages. 2019 
[cited 2019 May 6]. Available from: https://ss.sites.mtu.edu/mhugl/2015/10/12/henry-ford/ 

170.  Klare M. Blood and Oil. New York: Holt Paperbacks; 2005.  

171.  Planete Energies. The History of Energy in France [Internet]. Planete Energies webpages. 2015 [cited 
2019 Nov 6]. Available from: https://www.planete-energies.com/en/medias/saga-energies/history-energy-
france 

172.  Payton-Smith D. Oil: A study of war-time policy and administration. London: The Stationary Office, Crown 
Copyright; 1971.  

173.  Scott P. Path dependence, fragmented property rights and the slow diffusion of high throughput 
technologies in inter-war British coal mining. Bus Hist. 2006;48(1):20–42.  

174.  Thomas I. Coal in the new era. London: Putnam; 1934.  

175.  O’Connor PA, Cleveland CJ. U.S. energy transitions 1780-2010. Energies. 2014;7(12):7955–93.  

176.  Planete TP. Marèges (1935) [Internet]. Planete TP Website. 2008 [cited 2019 Jun 12]. Available from: 
http://www.planete-tp.com/en/mareges-1935-a227.html 

177.  Schewe P. The grid: a journey through the heart of our electrified world. Washington DC: Joseph Henry 
Press.; 2006.  

178.  Hornsby G. The Secret Life of the National Grid [Internet]. UK: BBC; 2011. Available from: 
https://www.bbc.co.uk/programmes/b00vkjmy 

179.  Arrighi G. the Long Twentieth Century: Money, power and the origins of our times. London: Verso; 2009.  

180.  Scazzieri L. Britain, france, and mesopotamian oil, 1916–1920. Dipl Statecr [Internet]. 2015;26(1):25–45. 
Available from: http://dx.doi.org/10.1080/09592296.2015.999623 

181.  Gibson MW. British Strategy and Oil , 1914-1923 . Martin William Gibson . Submitted in fulfilment of the 
requirements for the Degree of Doctor of Philosophy . College of Arts . School of Humanities . University 
of Glasgow . [Internet]. University of Glasgow; 2012. Available from: 
http://theses.gla.ac.uk/3160/1/2012gibsonphd.pdf 

182.  Wright R, Shin H, Trentmann F. From World Power Conference To World Energy Council: 90 Years of 
Energy Cooperation, 1923-2013. London: World Energy Council; 2013.  

183.  Moyer-nocchi K. From Half Baked to Homogenized : Risorgimento – Unita – Fascismo and the Rise of 
the Borghese Cookbook. Dublin Gastron Symp [Internet]. 2016; Available from: 
http://arrow.dit.ie/cgi/viewcontent.cgi?article=1067&context=dgs 

184.  Whetham E. The Agrarian history of England and Wales: Volume VIII. Cambridge: Cambridge University 
Press; 1978.  

185.  Dimitri C, Effland A, Conklin N. The 20th century transformation of U.S. agriculture and farm policy / 
Carolyn Dimitri, Anne Effland, and Neilson Conklin [Internet]. Vol. 3, Transformation. Boston; 2005. 
Available from: 
http://proxyiub.uits.iu.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=edswao&AN
=edswao.389725811&site=eds-live&scope=site 

186.  Hansard. Hansard [Internet]. Vol. 309. 1936. p. 2030–1. Available from: https://api.parliament.uk/historic-



36 

 

hansard/commons/1936/mar/10/defence#column_2030 

187.  Wilt AF. Food for War: Agriculture and Rearmament in BRitain before the Second World War. Oxford: 
Oxford University Press; 2001.  

188.  Vivier N. Agriculture and economic development in Europe 1870-1939. In: Lains P, Pinilla V, editors. 
Agriculture and Economic Development in Europe Since 1870. London: Routledge; 2009.  

189.  Garver F., Trelogan H. The Agricultural Adjustment Act and The Reports of the Brookings Institution. Q J 
Econ. 1936;50(4):594–621.  

190.  Carpenter K. A Short History of Nutritional Science: Part 4 (1945–1985)1 Kenneth. Am Soc Nutr Sci 
[Internet]. 2003;3331–3342. Available from: 
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.296.4.450-b 

191.  Lakshmi S. A Literature Study On National Network Of Highways. Int J Innov Technol Res. 
2016;4(6):5006–9.  

192.  Williamson J. Federal aid to roads and highways since the 18th century: A legislative history. Fed 
Programs Policies Highw Sel Asp Roles. 2012;165–80.  

193.  Bayliss D. What Went Wrong ? British Highway Development before Motorways. London; 2008. 
(Background Paper No . 1). Report No.: 1.  

194.  Shand JD. The Reichautobahn: Symbol for the Third Reich. J Contemp Hist. 1984;19:189–200.  

195.  Mom G. clash of Cultures: road versus rail in the North Atlantic World during the interwar coordination 
crisis. In: Kopper C, Moraglio M, editors. The Organization of Transport: A history of users, industry, and 
public policy. Oxon: Routledge; 2015. p. 8–31.  

196.  Gunn S. The history of transport systems in the UK [Internet]. Government Office for Science Foresight. 
Government Office for Science Foresight; 2018. Available from: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/76192
9/Historyoftransport.pdf 

197.  Tomes Z. Long-term structural decline of railways. Masaryk Univ. 2006;1–11.  

198.  Garrett C. History of Trains. London: Octopus Publishing; 2000.  

199.  Heppenheimer T. Turbulent Skies: the history of commercial aviation. Chichester: John Wiley and Sons; 
1995 p.  

200.  ICAO. The 1919 Paris Convention: The starting point for the regulation of air navigation [Internet]. ICAO 
webpages. 2018 [cited 2019 May 6]. Available from: 
https://www.icao.int/secretariat/PostalHistory/1919_the_paris_convention.htm 

201.  Coulbert E. Perspectives on the Road : Narratives of Motoring in Britain 1896-1930. Nottingham Trent 
University; 2013.  

202.  Hines W. War history of American railroads. New Haven: Yale University Press; 1928.  

203.  Paxton J. Myth vs. Reality: The Question of Mass Production in WWII. Econ Bus J Inq Perspect 
[Internet]. 2008;1(1):91–104. Available from: http://ecedweb.unomaha.edu/neba/journal/v1n1p91.pdf 

204.  Potter C. Europe’s Coal Problem. Proc Acad Polit Sci. 1946;21(4):28–40.  

205.  Jensen W. Energy In Europe 1945-1980. London: Foulis & Co; 1967.  

206.  Buckley J. Air power in the age of total war. London: UCL Press; 1999.  

207.  Overy R. The bombing war: Europe 1939-1945. London: Penguin Books; 2013.  



37 

 

208.  Rhodes R. Energy: A Human History. London: Simon & Schuster; 2018.  

209.  Johnson A. Petroleum, pipelines, and public policy, 1906-19. Cambridge MA: Harvard University Press; 
1967.  

210.  Whittle T. Pigs, pipelines and PLUTO: A history of the United Kingdom’s largest oil pipeline and storage 
system during World War Two. Meas Control (United Kingdom). 2013;46(7):199–204.  

211.  Smil V. Energy at the crossroads: global perspectives and uncertainties. Boston: MIT Press; 2005.  

212.  Evenden M. World War as a Factor in Energy Transitions : The Case of Canadian Hydroelectricity. RCC 
Perspect. 2013;(2):91–4.  

213.  Smyth HDW. Atomic Energy for Military Purposes (The Smyth Report) The Official Report on the 
Development of the Atomic Bomb Under the Auspices of the United States Government, [Internet]. 
Washington; 1945. Available from: http://www.atomicarchive.com/Docs/SmythReport/index.shtml 

214.  Mangelsdorf P. Hybrid Corn. Sci Am. 1951;185(2):39–47.  

215.  Paarlberg D, Paarlberg P. The Agricultural Revolution of the 20th Century. Ames: Iowa State University 
Press; 2001.  

216.  Wilt A. Food for War: Agricutlure and rearmanent in Britain before the Second World War. Oxford: Oxford 
University Press; 2001.  

217.  Klein M. A call to arms: Mobilising America for World War II. London: Bloomsbury Press; 2013.  

218.  Collingham L. The Taste of War: World War Two and the Battle for Food. London: Allen Lane; 2011.  

219.  Smithsonian National Air and Space Museum. Air Traffic Control Comes of Age [Internet]. Smithsonian 
National Air and Space Museum webpages. 2007 [cited 2018 Aug 20]. Available from: 
https://airandspace.si.edu/exhibitions/america-by-air/online/heyday/heyday05.cfm 

220.  Covington. History of Aviation Part Three: World War II through 1980’s [Internet]. Covington Aircraft 
webpages. 2012 [cited 2018 Aug 19]. Available from: 
http://blog.covingtonaircraft.com/2012/02/06/history-of-aviation-part-three-world-war-ii-through-1980s/ 

221.  Flink J. The Automobile Age. Cambridge, MA: MIT Press; 1988.  

222.  Flink J. The Car Culture. MIT Press: Cambridge, MA; 1975.  

223.  Automobile Manufacturer’s Association. Freedom’s Arsenal: The story of the Automotive Council for War 
Production. Detroit; 1950.  

224.  Donnelly T. Cars, culture and war. In: Thoms D, Holden L, Claydon T, editors. The motorcar and popular 
culture in the 20th century. Aldershot: Ashgate Publishing Limited; 1998. p. 210–26.  

225.  The Times. Rationing to-day: Directions in use of coupons: Meat registration. The Times. 1940;  

226.  Spoerer M, Streb J. Guns and Butter – But No Margarine: The Impact of Nazi Agricultural and 
Consumption Policies on German Food Production and Consumption, 1933-38. In: XIV International 
Economic History Congress. Helsinki; 2006.  

227.  Gerhard G. Food and genocide: Nazi agrarian politics in the occupied territories of the Soviet Union. 
Contemp Eur Hist. 2009;18(1):45–65.  

228.  War Cabinet. Food situation of the United Kingdom: First Report submitted by the Minister of Food 
covering the period from 3rd September to 2nd October 1939. London; 1939.  

229.  Tolley H. The Farmer Citizen at War. New York: The Macmillan Company; 1943.  

230.  Rhodes R. The making of the atomic bomb. London: Simon & Shuster; 1986.  



38 

 

231.  HM Government. Fuel Rationing. Memorandum by the President of the Board of Trade. London: Crown 
Copyright; 1942.  

232.  Zweiniger-Bargielowska I. Austerity in Britain: Rationing, Controls and Consumption,. Oxford: Oxford 
University Press; 2002.  

233.  CONSUMING WAR : MODERNISM AND THE RHETORIC OF RATIONING BY Kate McGah Nash BA , 
Boston College , 2002 MA , Boston College , 2004 DISSERTATION SUBMITTED IN PARTIAL 
FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY IN THE 
DEPARTMENT OF . 2016.  

234.  Tunc TE, Babic AA. Food on the home front, food on the warfront: World War II and the American diet. 
Food Foodways [Internet]. 2017;25(2):101–6. Available from: 
https://doi.org/10.1080/07409710.2017.1311159 

235.  Conkin P. A Revolution down on the farm: The transformation of American agriculture since 1929. 
Lexington: The University Press of Kentucky; 2008.  

236.  Carew M. Becoming the Arsenal: The American industrial mobilization for World War II, 1938-1942. 
Lanham: University Press of America; 2010.  

237.  Leff MH. The Politics of Sacrifice on the American Home Front in World War II. J Am Hist. 
1991;77(4):1296.  

238.  Ramírez J. From Anti-Abundance to Anti-Anti-Abundance Scarcity , Abundance , and Utopia in Two 
Science Fiction Writers. RCC Perspect. 2015;2.  

239.  Bonnueil C, Fressoz J-B. The shock of the Anthropocene. London: Verso; 2017.  

240.  Fouquet R. Historical energy transitions: Speed, prices and system transformation. Energy Res Soc Sci 
[Internet]. 2016;22:7–12. Available from: http://dx.doi.org/10.1016/j.erss.2016.08.014 

241.  Hecht G. The Radiance of France: Nuclear Power and National Identity after World War II. Boston: MIT 
Press; 1998.  

242.  Gardner B. American agricutlure in the twentieth century. Cambridge MA: Harvard University Press; 
2002.  

243.  Kinkela D. DDT and the American Cetury. North Carolina: North Carolina University Press; 2011.  

244.  Holm P. World War II and the “Great Acceleration” of North Atlantic Fisheries. Glob Environ. 
2016;5(10):66–91.  

245.  Mitchell T. Carbon Democracy: Political Power in The Age Of Oil. [Internet]. Journal of History and 
Cultures. London: Verso; 2011. Available from: 
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=88957200&site=eds-live 

246.  Verbong GPJ, Vleuten EVD. Long-term electricity supply systems dynamics. A historic analysis. 
[Internet]. Eindhoven: Eindhoven University of Technology; 2002. 41 p. Available from: 
http://www.ecn.nl/docs/library/report/2002/c02084.pdf 

247.  Porter B. War and the Rise of the State: the military foundations of modern politics. new York: Simon & 
Schuster; 1994.  

248.  Fudge S, Hunt L, Jackson T, Mulugetta Y, Peters M. The Political Economy of Energy Regulation in the 
Uk 1945 – 2007: Paradigms and Policy. Resolv Work Pap. 2008;02–08:1–91.  

249.  HM Government. Agriculture Act 1947 [Internet]. London: Crown Copyright; 1947. Available from: 
http://www.legislation.gov.uk/ukpga/Geo6/10-11/48/contents 

250.  HM Government. Transport Act 1947 [Internet]. London: Crown Copyright; 1947. Available from: 



39 

 

http://www.legislation.gov.uk/ukpga/Geo6/10-11/49/enacted 

251.  Kish G. Hydroelectric Power in France : Plans and Projects. Am Geogr Soc. 1955;45(1):81–98.  

252.  Bowers D. The Research and Marketing Act of 1946 and Its Effects on Agricultural Marketing. Agric Hist. 
1982;56(1):249–63.  

253.  Porter JM, Bowers DE. A Short History of U.S. Agricultural Trade Negotiations. 1955;1–12. Available 
from: https://www.ers.usda.gov/webdocs/publications/41764/54005_ages8923a.pdf?v=0 

254.  Light J. From Warfare to Welfare: Defence Intellectuals and Urban Problems in Cold War America. 
Baltimore: Johns Hopkins University Press; 2003.  

255.  Solovey M. Science and the State During the Cold War. Soc Stud Sci [Internet]. 2001;31(2):165–70. 
Available from: http://sss.sagepub.com/content/31/2/165.short 

256.  Smith BL. American Science Policy since World War II. Washington DC: the Brookings Institution; 1990.  

257.  Nill C. An Atomic Empire: A Technical History of the Rise and Fall of the British Atomic Energy 
Programme. Singapore: Stallion Press; 2013.  

258.  Camilleri JA. The State and Nuclear Power. Seattle: University of Washington Press; 1984.  

259.  Jungk R. The nuclear state. London; 1979.  

260.  Gowing M. Independence and Deterrence: Britain and Atomic Energy, 1945-1952, Vol 1. London: 
Palgrave; 1974.  

261.  Lowry D. Military secrects of our nuclear power plants. The Guardian Online [Internet]. 2017 Dec 27; 
Available from: https://www.theguardian.com/uk-news/2017/dec/27/military-secrets-of-our-nuclear-
power-plants 

262.  Pocock R. Nuclear power: it’s development in the United Kingdom. Old Woking: Unwin Brothers Limited; 
1977.  

263.  HM Government. Cabinet White Paper: A Programme of Nulcear Power [Internet]. London: Crown 
Copyright; 1955. a. Available from: http://filestore.nationalarchives.gov.uk/pdfs/small/cab-129-73-c-55-
31-31.pdf 

264.  Patterson W. Going critical: An unofficial History of British Nuclear Power [Internet]. Foe.Co.Uk. London: 
Paladin Books Granada Publishing; 1985. Available from: 
http://www.foe.co.uk/sites/default/files/downloads/going_critical.pdf 

265.  Cowan R. Nuclear Power Reactors: a study in technological lock-in. J Econ Hist. 1990;3(1).  

266.  Hennessy P, Jinks J. The Silent Deep: The Royal Navy Submarine Service Since 1945. London: 
Penguin; 2016.  

267.  Eisenhower D. Military-Industrial Complex Speech, Dwight D. Eisenhower, 1961 [Internet]. Yale Law 
School webpages. 1961 [cited 2019 Jun 12]. Available from: 
https://avalon.law.yale.edu/20th_century/eisenhower001.asp 

268.  Eisenhower D. Atoms for peace speech [Internet]. IAEA Archives. 1953 [cited 2017 Jan 12]. Available 
from: https://www.iaea.org/about/history/atoms-for-peace-speech 

269.  ICAO. Convention on International Civil Aviation - Doc 7300 [Internet]. ICAO webapges. 2019. Available 
from: https://www.icao.int/publications/pages/doc7300.aspx 

270.  European Commission. The Schuman Declaration – 9 May 1950 [Internet]. European Commission 
webpages. 2019 [cited 2019 Jun 12]. Available from: https://europa.eu/european-union/about-
eu/symbols/europe-day/schuman-declaration_en 



40 

 

271.  Hobsbawm E. Age of Extremes: The Short Twentieth Century, 1914-1991, by. London: Abacus; 1994.  

272.  Colgan JD. Oil, Domestic Politics, and International Conflict. Energy Res Soc Sci [Internet]. 2014;1:198–
205. Available from: http://linkinghub.elsevier.com/retrieve/pii/S221462961400019X 

273.  Johnstone P, Stirling A, Sovacool B. Policy mixes for incumbency: Exploring the destructive recreation of 
renewable energy, shale gas ‘fracking,’ and nuclear power in the United Kingdom. Energy Res Soc Sci. 
2017;(September):0–1.  

274.  Stirling A, Johnstone P, PhilJohnstone. Some Queries over Neglected Strategic Factors in Public 
Accounting for UK Nuclear Power: evidence to the House of Commons Public Accounts Committee 
Inquiry on Hinkley Point C. 2017;(September).  

275.  Froggatt A, Schneider M, Hazenmann J, Katsuta T, Stirling A, Wealer B, et al. The World Nuclear 
Industry Report 2018. Paris, London: A Mycle Schneider Consulting Project; 2018.  

276.  Stirling A, Johnstone P. Are Hidden Military Pressures for Cross-Subsidies Driving Major UK Energy 
Infrastructure Decisions? Written evidence submitted by the Science Policy Research Unit (FEI0085). 
Brighton; 2019.  

277.  Stirling A, Johnstone P. A Global Picture of Industrial Interdependencies Between Civil and Military 
Nuclear Infrastructures Editorial Assistance. Brighton; 2018. (SPRU working Paper Series; vol. 13). 
Report No.: SWPS 2018-13 ( August ).  

278.  Stirling A. How deep is incumbency? A ‘configuring fields’ approach to redistributing and reorienting 
power in socio-material change. Energy Res Soc Sci [Internet]. 2019;58(July):101239. Available from: 
https://doi.org/10.1016/j.erss.2019.101239 

279.  Edgerton D. Shock Of The Old: Technology and Global History since 1900 [Internet]. London: Profile 
Books; 2008. 479 p. Available from: http://books.google.com/books?id=IdVGikvzIHoC&pgis=1 

280.  Ocasio Cortez A. Green New Deal 16TH CONGRESS 1ST SESSION IN THE HOUSE OF 
REPRESENTATIVES [Internet]. Washington DC: House of Representatives; 2019. Available from: 
https://assets.documentcloud.org/documents/5729033/Green-New-Deal-FINAL.pdf 

 

 

 



March

2020-03. Niche Acceleration driven by Expectation Dynamics among Niche and Regime Actors: China’s Wind and 
Solar Power Development. Kejia Yang, Ralitsa Hiteva and Johan Schot

February

2020-02. Investigating the Role of BNDES as a Tool to Transmit Countercyclical Policy Decisions: Evidence from 2002-
2016. Marco Carreras

2020-01. On the Basis of Brain: Neural-Network-Inspired Change in General Purpose Chips. Ekaterina Prytkova and 
Simone Vannuccini

December

2019-25. Mobilizing the Transformative Power of the Research System for Achieving the Sustainable Development 
Goals. Matias Ramirez, Oscar Romero, Johan Schot and Felber Arroyave

November

2019-24. Job Composition and Its Effect on UK Firms in the Digital Era. Mabel Sánchez Barrioluengo

2019-23. Start-up Subsidies: Does the Policy Instrument Matter? Hanna Hottenrott and Robert Richstein

2019-22. Organised Crime and Technology. Mustafa Caglayan, Alessandro Flamini and Babak Jahanshahi

October

2019-21. The Value of Data: Towards a Framework to Redistribute It. Maria Savona 

Science Policy Research Unit 
University of Sussex, Falmer 
Brighton BN1 9SL 
United Kingdom

SPRU website: www.sussex.ac.uk/business-school/spru 
SWPS website: www.sussex.ac.uk/business-school/spru/research/swps 
Twitter: @spru

Recent papers in the SPRUWorking Paper Series:

Suggested citation: 
Phil Johnstone and Caitriona McLeish (2020). The Role of War in Deep Transitions: Exploring Mechanisms, 
Imprints and Rules in Sociotechnical Systems. SPRU Working Paper Series (SWPS), 2020-04: 1-40. ISSN 2057-
6668. Available at: www.sussex.ac.uk/spru/swps2020-04


