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The Tipping Points Programme at Durham University was funded by 

Leverhulme Trust from 2009-2015. We aimed to:

a)  assess how far the tipping point analogy is truly a property of the 

world in which we live;

b)  explore how the term ‘tipping points’ may become a powerful 

metaphor for our perception of change, affecting the ways we act 

to influence the pattern of change in systems;

c) assess what this understanding means for how we live.

We pursued these aims through a multi-disciplinary programme, 

involving specialists from natural sciences, mathematics, social 

sciences and arts and humanities, coordinated and supported 

through the Institute of Hazard Risk and Resilience at Durham, and 

with valuable support from the Institute of Advanced Studies at 

the University. We employed a number of post-doctoral researchers 

though the Programme, and it has seeded a significant legacy 

through a national and international network of researchers interested 

in change in complex systems that are important for the way we live. 

Our detailed final report refers to over 70 publications which 

most directly arise from the work undertaken on this Programme, 

and a number of others which drew indirectly on the work we 

have undertaken on Tipping Points. We made a large number of 

presentations and other activities, including public dissemination 

events through the national Festivals of Science and of Social Science. 

We engaged with, and received useful advice from, colleagues in fields 

including the banking and finance sectors, environmental policy and 

planning (including policy for adaptation to climate change). The 

programme also helped to seed work in statistical modelling relevant 

for the medical and public health sectors.

Our research examined systems as diverse as Climate Change 4000-

6000 years ago and banking systems from the 16th to the 21st 

Century. Our findings suggest that what may seem to be a significant 

‘tipping point’ in whole system change depends very much on the 

point of observation (in space and time) as well as the measures 

used to assess change. We concluded that explanation of large scale 

processes in time and space is more important than pinpointing the 

exact moment of short term, local change. Our research enabled us 

to make progress towards better understanding some of the drivers 

and regulators of change. 

However, we also found that the concept of the Tipping Point as a 

sudden and irreversible change is important in society. It may goad 

us into action to prepare for change, or, conversely may produce a 

fatalistic, passive response. Many complex systems are influenced 

by human action, so the idea of a tipping point and the way it is 

presented, can be significant for how we live in a changing world, 

with implications for policy and practice.

In future, societies should strive less for absolute and precise 

prediction of Tipping Points. Instead we can learn from research 

in the social sciences and humanities, as well as in natural and 

mathematical sciences, about likely conditions arising from 

processes of change. This will help us to adapt to systems that are 

constantly changing. 

Summary of the Programme and its outcomes

The Tipping Points team from Durham University, together with advisors and international experts who participated in our 
End of Award Colloquium.



The grant: 

The Tipping Points Programme proposal was submitted in 2009 led 

by Professor Stuart Lane as Lead investigator and approved in 2009, 

with the first researchers coming into post in April 2010. It completed 

in June 2015. Over the course of the Programme, we have employed 

11 Post-Doctoral Research Assistants for a total of 408.7 months. 14 

academic staff at Durham University were involved as Co-Investigators 

(a complete staff list is at Appendix 1). The Programme has been 

coordinated through the Institute of Hazard Risk and Resilience, and 

led since 2012 by Professor Sarah Curtis, Durham University. 

Initially located in Durham University, the Programme has developed. 

As Co-Investigators and Research Assistants have moved to new 

positions elsewhere, their input to the Programme has continued 

(with ‘buy-back’ arrangements for their time) so that, as it completed, 

the Programme, based at Durham, united researchers in institutions 

including Bristol University, University of York, Manchester University, 

University of Southern Australia. We are pleased to have seeded this 

extensive network of researchers. 

We have also benefited from the valuable advice of an international 

steering group (Appendix 2) comprising experts from academia  

and beyond.

Research objectives. 

Our original aims were to:

a)  assess, though quantitative and qualitative analysis, the extent to 

which the tipping point analogy is truly a property of the world in 

which we live;

b)  explore how ‘tipping points’ become assigned metaphorically, 

sometimes evolving to the point that they themselves gain agency;

c)  assess what this understanding means for how we live, given the 

potentially profound implications for anticipatory policy.

Our core objectives have been to explore:

1)  evidence for natural vs. economic ‘tipping points’, and the 

validity of the ‘Tipping Point’ idea for both systems;

2)  the potential for mathematical representation and prediction of 

tipping points, using innovative statistical methods;

3)  processes of diffusion and expression of ideas about Tipping 

Points and whether diverse usage of the metaphor ‘Tipping 

Point’ can in itself become an agent for change in social 

systems, catalysing the Tipping Point behaviour that the 

metaphor describes;

4)  how society might live with the possibility of Tipping Points now 

and in the future. 

Overview: Specific Research undertaken in each 

Work Package (WP)

Our research activity has been organized in five interconnected Work 

Packages, as shown in the diagram below, which also indicates the 

members of the team involved in each part of the Programme. 

In addition to work undertaken in the different WPs, the Programme has 

often involved collaboration across the WPs, which has extended our 

capacity for innovative enquiry. We concluded with an ‘End of Award 

Colloquium’ in March 2015 which allowed us to consider the combined 

findings, from different research activity across the Programme, 

regarding the ways that potential tipping points in natural and social 

systems may be represented, predicted, and responded to, though 

efforts to prepare for the positive or negative impacts of tipping points.

Detailed final report

Diagram summarising 

the Work Packages 

(WPs) in the Tipping 

Point Programme and 

the team members 

involved.

Lead investigators: Lane, Petley, Curtis; Research Writer and Communicator:  
Cherry; Administrators: Johnson, Dobson

WP1: Neoglacial 
climate transitions in 

the North Atlantic  
Huntley, Long, 

Woodroffe,  
Maddison, Ranner

WP2: Financial Crisis 
in the Banking Sector 

Michie, Tomasic, 
Ormerod, Akinbami, 

Hollow, Bavoso, Mollan

WP3: The Mathematical 
Basis of Tipping Points 
Goldstein, Straughan, 

Bissell, Caiado

WP4: Metaphor  
and Agency  

Clark, Greatbatch, 
Bentley,  

Bhatanacharoen,  
Garnett

WP5:  
Critical Transitions 
Waugh, Nash, 
Atkinson, Botha
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WORK PACKAGE 1: 
Neoglacial Climate Transitions in the North Atlantic

This research aimed to explore whether there were regional variations 

in the timing and nature of climate changes associated with the 

Neoglacial as recorded in the North Atlantic region, with a focus on 

non-uniform system responses, inspired in part by earlier research 

funded by Leverhulme [1, 2].

This WP gathered original data in the field from lake beds in different 

Arctic settings, including several different proxy indicators of 

temperature in the period 4000 – 6000 years ago: pollen, remains 

of non-biting midges and alkenone temperature, that were combined 

with established records of ice core temperatures, ice rafted debris 

(as reported by members of WP1 in several presentations made in the 

course of this Programme [3-8] ). Considerable effort was directed 

towards developing robust radiocarbon chronologies for the new lake 

records generated by this work. These different indicators revealed 

local variations in temperature between individual sites, showing that 

polar sites experienced strong “Arctic amplification”, caused by ice-

albedo feedbacks, compared with lower latitude and more continental 

locations. Different impressions of climate change during the 

neoglacial period are derived from different temperature “proxies”. 

Collecting sediment samples.

Working with colleagues in WP3, we have examined whether statistical 

models can capture the trends in temperature occurring during the 

Neoglacial period of interest, and might suggest conditions which 

would have ‘predicted’ a shift to colder temperatures in the region. 

The Neoglacial climate changes upon which our work has focussed 

would, in the absence of recent human impact, have constituted 

the tipping point into a new glacial stage. However, human-induced 

climate change now means that the trend to cooler climates, initiated 

by the start of the Neoglaical, has been reversed. In the Tipping Points 

Project, we have investigated the Neoglacial transition, generally 

associated with quite modest climatic cooling, but nonetheless 

resulting in a variety of ecological responses, including marked 

southward retreat of much of the Arctic treeline. 

In response to larger magnitude rapid climatic changes, the 

biosphere has responded in various ways, including extensive regional 

extirpation, or even the global extinction, of species, corresponding to 

extensive replacement of major ecosystems (as reported in research 

from our other projects [1, 9]).

The far-reaching effects of recent human impact on the Earth’s 

climate system led us to question the degree to which we can use past 

records, from before significant human impact, to formulate models 

to predict future climate change (and to consider our findings in 

relation to other research [10, 11]). Our conclusion, reported in a very 

interdisciplinary publication from the Tipping Points Programme [12] 

is that human impacts mean that tipping points in global temperatures 

of the future will be significantly different to those of the past, 

because human agency is now a major (perhaps the dominant) factor 

in future climate tipping points. Thus we face an Anthropocene future 

of great uncertainty, with the real possibility that we have embarked 

already on the sixth mass extinction in Earth’s history.



WORK PACKAGE 2: 
Financial Crisis in the Banking Sector

This workpackage aimed to compare and contrast current and 

historical events in the banking sector. We have built a detailed, 

multidisciplinary understanding of the workings of these systems. 

Working with the WP4 team WP2 examined how and why changes 

have taken place across the banking sector in Britain at different time 

points. We explored the relevance of the Tipping Points metaphor, 

both for models depicting the structural evolution of the banking 

sector and also for models of governance of financial systems. 

Public debate often invokes past precedents to explain contemporary 

problems (e.g. comparisons were made between the financial crisis 

of 2007–08 and the 1929 Wall Street Crash) and these are often 

represented as Tipping Points. We have tried to look in more depth 

at past events — and the specific bank failures they generated — to 

ascertain whether or not such comparisons are valid and useful. 

A database was constructed that provided, for the first time, a 

comprehensive and consistent count of the number of UK banks from 

1559 until 2008. For purposes of comparison it was also possible to 

construct, from other published data a count of the number of banks 

in the USA from 1782 to 2013. (See also the report on WP4 below.)

 

Our published research [13-16] has enhanced understanding of the 

short- and long-term processes at work in the build-up to the financial 

crisis of 2007–08. Many of these insights are elaborated in an edited 

volume produced by the team [17]. 

We considered events which might be viewed as Tipping Points in 

the banking system, paying particular attention to individual bank 

failures, and systemic changes in the number of banks operating 

in the British system, that were not apparently linked to recognised 

crises in the financial system. Our analysis underlines the need for 

caution in interpreting models of banking systems since: the different 

components of the system cannot be understood in isolation; it is 

difficult to model all the processes operating simultaneously to affect 

fragility and resilience of the system; emergent and unexpected 

events are difficult to predict. Thus models based on past events may 

not be very reliable predictors of impending financial crises.

These observations informed our parallel consideration of methods 

of governance in the financial sector. We considered three models  

of governance:

1.  Intervention: Using legislation and control so as to prevent 

another Tipping Point taking place. 

2.  Evolution: Allowing a system to develop its own internal resilience 

and self-regulation through changing its structure. 

3.  Acceptance: Recognising that Tipping Points take place and so 

putting in place rescue, recovery and compensation schemes that 

cope with the consequences. 

Our research suggests that from a legal perspective none of these 

models seems to provide a completely satisfactory and reliable 

approach to risk governance [18-21]. Future regulations should focus 

on attempting to rebalance the interests of all the societal groups 

affected by the consequences of the 2007/08 crisis. 

This conclusion is reinforced by our historical investigations, 

comparing the development of banking systems in the UK and 

the USA over the long term [17, 21-24]. The two countries have 

differed in their strategies of regulation. Over time, each country 

used changing combinations of models 1, 2 and 3 but failed to 

provide effective protection against financial crises. We suggest 

that governments needed to recognise the long term and unforeseen 

consequences associated with Model 1. Model 2 may be preferable, 

supplemented by elements of 1 and 3, although this may be 

an unpopular strategy because it favours a non-interventionist 

approach, whereas current public opinion favours tighter 

governmental regulation.

Number of UK banks, 1559 – 2008:  
Changing Bank Population in the UK.

Number of US banks, 1782 – 2010:  
Changing Bank Population in the USA.

TIPPING POINTS: Final Report August 201506
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WORK PACKAGE 3: 
The Mathematical Basis of Tipping Points

One of our key methodological aims was to show how stochastic and 

deterministic methods could be integrated to give a more complete 

treatment of tipping points outcomes. This was accomplished in one 

of our papers [25], with application to models of smoking behaviour.

From the stochastic side, we also developed a general Bayesian 

statistical methodology to address the identification of tipping point 

behaviour in models and applied this to an example in climate change 

[26] (see also the report on WP1 above). 

As a mixture of methodological and application advances, the leading 

exemplar of our approach was the edited volume [27] on tipping 

points in health and social problems, which grew out of a successful 

workshop that we ran in this area as a launch event for WP3. The 

volume contained further work by the project team on problems in 

this area [28-34].

Members of WP3 participated in our outreach event ‘Tipping Points in 

Health and Society’, in collaboration with the ESRC Festival of Social 

Science and coordinated through the Institute of Hazard Risk and 

Resilience at Durham University.

Finally, we have reported [35] and [36] how we model and analyse 

different aspects of tipping points for human behaviour, in ways 

analogous our earlier published work [25] , this work concerns the 

effect of memory and innovation on social heterogeneity [35] and 

models the issue of transparency of payoff versus individual  

learning [36].

The deterministic mathematical part of WP3 has achieved success 

with `tipping point” analysis in five distinct areas; in bidispersive and 

double porosity materials [37-39]; for resonance in fluid movement 

in thermal convection and in the exciting new area of hyperbolic 

heat flow theory [40-46] in the high impact area of microfluidics, an 

area of great interest to industry [47-52] ; and in the field of social 

problems [27, 53-57].

In our work on social problems, we have interacted with various 

other members of the Tipping Points team, and with Jeremy Kendal 

(Department of Anthropology, Durham University) and Caroline 

Walters (Porton Down). We have developed models of binge drinking 

and smoking that include predictive analysis [25, 54]. Research 

also analysed wave-like behaviour in a model for the diffusion of an 

innovation [56]. 

Research in this programme 
included modelling of change 
in smoking behaviour in the 
population.



WORK PACKAGE 4: 
Metaphor and Agency 

Work package 4 aimed to investigate Tipping Points in culture, and 

social systems. We used a range of different sources including word 

frequency data provided by Google ngrams. These data allowed us 

to track the changing use of words through time, providing insight 

into cultural shifts in use of terms in the English language, such as 

‘climate change’. The research showed that words associated with 

climate change vary over time, and are recently declining in their use, 

perhaps reflecting a shift in public focus from climate to other issues 

[58]. Similar work investigated the relative frequencies of ‘emotion 

words’ through the 20th century. The changing frequency of words 

associated with emotions (like ‘joy’), matched periods in history 

associated with collective celebration or distress (e.g. during the two 

World Wars) [59]. 

In collaboration with Work Package 2 a database of British banks 

was developed (see also WP2 above). This allowed us to model the 

changing population of British banks from the 17th century to the 

present day [60, 61]. This period saw an apparent tipping point in 

the population of British banks. We developed a graphic database 

of the population of banks, recording aspects of their behaviour, 

and depicting creations of new banks, failures, and mergers. This 

database was used to develop agent-based simulations of the 

banking population, in order to test our understanding of how  

they developed.

We explored how we might anticipate tipping points in cultures of 

management, led by ‘thought leaders’ (management gurus) [62, 63], 

and whether one could ‘predict’ tipping points and management 

fashion trends arising from their activities [64]. Management 

‘gurus’ are: purveyors and legitimizers of fashionable ideas; authors 

of influential publications; effective public speakers [65]. We 

examined the structural features of stories gurus use to convey 

key messages in live presentations, including: humorous remarks 

relating to the specifics of the preceding story, which precede the 

post-story assessment and key messages [62, 66-69]. We can 

‘predict’ the ‘moment’ when the audience will start to ‘accept’ the 

message conveyed.

We also examined complex processes of diffusion of ideas through 

academic networks [70]. This demonstrated the plasticity of an idea 

as it diffuses rapidly; in climate change discussions the usage of 

the term ‘tipping point’ became less precise as it spread across the 

networks - partly because scientists used the idea to try to influence 

public opinion public and mobilize action on environmental change. 

Our findings suggest that one aspect of ‘response’ to tipping points 

in the spread of ideas may be the social ‘reconstruction’ and 

reformulation of the idea. We might reflect further on the role of 

thought leaders; although they seem to lead the process of diffusion, 

they may in fact be part of a ‘chain response’ to an idea arising 

elsewhere among a more restricted group of innovative thinkers. 

The frequency of expression of joyful or sad emotions in the text 
of books analysed varied over time in the 20th Century, which 
may be suggestive of prevailing collective sentiment at different 
time points that may be associated with the timing of events that 
are important for society as a whole.

Source: The Expression of Emotions in 20th Century Books 
A Acerbi, V Lampos, P Garnett, RA Bentley 
PLOS ONE 8 (3), e59030

Different terms have come into frequent use in publications 
relating to climate science reflecting changing emphasis in 
academic research. 

Source: Word Diffusion and Climate Science 
RA Bentley, P Garnett, MJ O’Brien, WA Brock 
PLOS ONE 7 (11), e47966

TIPPING POINTS: Final Report August 201508
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WORK PACKAGE 5: 
Critical Transitions

TIPPING POINTS: Final Report August 2015

Work Package 5 aimed to situate tipping point events, materially 

and conceptually, in their broader social, political and intellectual 

contexts. We have examined the wide range of discourses which frame 

tipping points thinking, leading most centrally to the publication of a 

30-essay volume [71] including work by members of this team and an 

international cohort of leading intellectuals. 

Within the Tipping Points team research has considered the shift 

from a systems analysis of processes, effects and complexity, to a 

focus on the influences of systems thinking about critical transitions 

on our engagements, at the scale of individual lives and life courses, 

as they relate to concepts of wellbeing and resilience [72, 73]. The 

exploration of pathways and resources for individual wellbeing and 

resilience has shifted its dominant focus in the last two decades, from 

resources that are external to those that are internal to the individual. 

This has accompanied the rapid uptake of the approaches of positive 

psychology, itself constituting a critical transition in the politics of 

personality, resilience and wellbeing. 

Other research led through this Work Package sought to situate 

‘tipping points thinking’ in relation to contemporary philosophical, 

political and aesthetic concepts, interrogating in particular the notion 

of the event, understood as a radical point at which novelty erupts 

into the world, leading to publications [74-79] that investigate 

historical and conceptual tipping point events in art, reflecting critical 

moments of cultural transition. 

This Work Package explored fragility, interrogated as a condition for 

the occurrence of tipping points, and thus a key idea in negotiating 

the future [critical transitions and English academy review]. This work 

culminated in a special journal issue of English Academy Review 

[74] interrogating how literature continues to probe the fragility of the 

present and the future. 

Work led through this Work Package has investigated relations 

between narrative forms and complex systems theory, reflecting on 

disciplinary and intellectual change [80-85]. There is a particular 

focus on ways in which the genre of the novel might be regarded 

as a means of practical reasoning, but one that seeks to challenge 

the limits of probabilistic thinking; providing a cognitive/affective 

‘workout for the Bayesian brain’, extending limited capacity of some 

statistical approaches in dealing with surprise (the new or rare) and 

with shifts of scale, and enabling us to imagine and interrogate the 

sources or avoidance of ‘tipping point behaviours, such as psychotic 

breakdown or trauma in human responses to stress, catastrophe and 

disaster. 

WP5 connects with WP4 and WP1 in illustrating the relevance of 

narratives and literary and artistic devices in motivating social action 

in response to change in complex systems such as climate change. 

For example, work on the Tipping Points programme contributed 

to a case study featured in a government report [86] on how we 

can channel evidence from science and technology. The case study 

examines story telling about climate change as a dynamic and 

creative process to ‘invite engagement and encourage a sense of 

agency’, and suggests that to be effective these stories need to be 

told and retold, with contributions from different raconteurs with 

varying points of view.

Through WP5 and with support from the Institute of Hazard Risk and 

Resilience, we have worked closely with Edgar Ameti, an artist who 

transforms materials in ways that interrogate processes of transition 

and change. Our collaboration with him has involved exhibitions in 

London and County Durham, and helped to highlight similarities 

between the arts and sciences, which both draw on a variety of 

material and conceptual devices to contemplate significant change 

in systems of interest. His exhibitions have helped to communicate 

themes from this programme to a wide and diverse audience. It is also 

notable that a common thread in many of his artistic representations 

echo conclusions from research in this programme, emphasising that 

the phenomena underlying change in the system are ultimately more 

important to understand than the crisis events that they provoke. 

Untitled by Edgar Ameti. © Edgar Ameti: reproduced with kind 
permission of the artist. 

Ameti’s art expresses the fragility of complex systems, and how 
they may ‘bifurcate’. 



We have also demonstrated how ‘tipping points’ become assigned 
metaphorically, sometimes evolving to the point that they themselves 
gain agency. The science of predictions is associated with the politics 
of predictions, which are not socially neutral and are often intended 
to provoke social action. The concept of the Tipping Point as a sudden 
and irreversible change acts as a cypher for a blocked future, raising 
social anxiety. It may heighten the intensity of our need for more precise 
prediction as a way to manage the risks we face, goading us into action 
to prepare for, or mitigate these risks, or, conversely may produce a 
fatalistic sense of impotence, resulting in a more passive response. 

Thus, the idea of a tipping point can be significant for how we live, given 
the potentially profound implications for anticipatory policy. Although 
models may anticipate future tipping points, the exact timing of the 
transition is hard to predict. A sense of impending crisis may limit 
our ability to imagine and interact with the future. Perhaps it would 
be more productive to imagine early warnings of change in terms of 
possibility, offering a new future. Preparedness may be as important as 
risk management or mitigation. Trying to build resilience into all parts 
of vital systems may still fail to protect against shocks and may result in 
regulatory complexity that is a risk in itself. 

Learning from crisis is not universal across all systems but may need to 
become more embedded in the ways societies plan for the future. We 
should strive less for absolute and precise prediction of the moment of 
transition and focus on learning, from techniques in the social sciences 
and humanities, as well as in natural and mathematical sciences, 
about scenarios of likely conditions after possible future transitions. We 
should be more orientated toward research that helps us to adapt to 
systems that enter unfamiliar, potentially ‘unsafe’ spaces, different from 
typical past conditions, without necessarily being able to anticipate the 
outcomes with certainty. We should not look exclusively to science to 
frame prediction and common understanding; artistic activity provides 
a socially ‘safe’ space to explore and debate ‘transgressive’ and ‘anxiety 
generating’ perspectives on the future, which can also shape society’s 
approach to significant change.

In general, therefore, we can understand tipping points better and more 
critically by viewing lack of stability as an intrinsic attribute of systems. 
There is a case for a fundamental change in social and institutional 
attitudes to risk; failures of existing systems and crises offer positive 
possibilities as well as challenges and it is beneficial to take risks, as well 
as guarding against risk. 

Conclusions and achievements

The achievements summarised above enabled us to fulfil the 

objectives set for this project. There have been some interruptions 

to the planned work of WP1 during the programme, due to maternity 

leave for two of the team members. Members of WP1 (who all 

continued to be employed at Durham University) have been finalising 

work, using recently received carbon dating information on their 

samples, to model climate change in collaboration with Dr Ciaido 

from WP3 (also employed in a new post at Durham) and a further 

publication is expected in due course. 

In our final colloquium we overviewed the key conclusions and 

original contributions to knowledge arising from our work. Our very 

interdisciplinary approach, focused on the question of whether the 

tipping point analogy is truly a property of the world in which we 

live, has underlined that representation of tipping points is crucial to 

this question. We demonstrated how, for very different systems, our 

impression of change depends on data from diverse proxy indicators 

representing the processes operating in the system, observed in 

different parts of the system and at different time periods. Our 

observations have identified what might be interpreted as ‘critical 

transitions’ (or ‘tipping points’) in proxy indicators, in systems as 

diverse as: climate and the natural environment; banking systems; 

development of human social behaviours and psychological and bodily 

states. However our careful examination and interpretation of these 

trends led us to question whether it is meaningful to argue that there 

are significant ‘tipping points’ in whole system change. Rather, our 

sense of change in a system may depend on the point of observation 

(in space and time) as well as the measures one is using to assess 

change. An alternative view is that tipping points are not discrete 

‘events’, but rather part of emergence, a constant, wider property of 

the evolution of complex systems. It is not necessarily the case that 

these systems cross ‘critical’ thresholds between one stable state and 

another, but rather they transition from one condition of instability to 

another. Furthermore periods of stability are as instructive as ‘tipping 

points’. We concluded that explanation of large scale processes in 

time and space is more important than pinpointing the exact moment 

of short term, local change. 

The Tipping Points End of Award Colloquium coincided with a 
solar eclipse event. In this picture, capturing the event as reflected 
in a window pane, the image of the eclipsed sun is distorted and 
appears ‘bifurcated’; a fitting metaphor for the representation of 
‘critical transitions’ during the finale to our Programme!

TIPPING POINTS: Final Report August 201510
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The programme has evolved and expanded in fascinating ways, 

thanks to the commitment and collegial approach taken by the team. 

Cross disciplinary working is not without its special challenges and 

significant time and effort has been needed by all those participating 

in this programme to come to grips with the implications of a really 

interdisciplinary approach. Comments from team members suggest 

that this experience has significantly extended their horizons and 

introduced them to new ways of thinking and working. As well as 

producing significant original knowledge in their own field, published 

in specialist journals, the team has participated in co-authored 

publications which are extremely cross-cutting [12, 27] and which 

raise questions about humanity and its future, faced with important 

changes to our natural, social and economic environment. 

Our research in WP 1 and WP3 has highlighted the similarities and 

contrasts between current climate change and trends during earlier 

periods of global warming and cooling, showing how this underlines 

the significance of the current pattern and timing of global warming. 

Clearly this is an important field deserving more attention. We have 

already begun to exploit the potential to combine data on climate 

trends, collected from the Arctic Circle for this research, with other 

data sources to build a more extensive and comprehensive picture of 

past climate change. 

Reflecting on our findings from WP2 and WP4, we see considerable 

further potential to explore the information gathered in the historical 

database on British banks, which might involve adding further 

information on their organization and the connections between them, 

to examine further how the system as a whole was interconnected. 

Work on diffusion of innovation is on-going, involving members of 

WP3 and WP4. We intend to use real business data to analyse the 

diffusion of a real innovation. Future research on communication 

strategies by thought leaders could usefully follow audience members 

back into their organization to understand whether and how their 

messages impact on the likelihood of subsequent adaptation of gurus’ 

ideas in organizations. We see scope for further research, including 

computer simulations, into the ways that audiences respond to the 

performances of gurus.

Work in WP3 initiated new developments in monitoring post-operative 

heart surgery patients, which is leading to a range of further funded 

collaborations in this area with great potential for improving post-

operative patient care. Members of WP3 are also investigating 

modelling obesity and predictions involving treatment, working in 

collaboration with Public Health Durham.

As discussed above, our research across all the work packages, 

particularly provoked by work in WP5, has also led us to consider 

the significant of the ways that humans understand and respond to 

change in their environment. We see considerable further scope to 

explore how we individually and collectively perceive and process 

knowledge accumulated from past experience to help us anticipate 

the future. There are many more intriguing parallels and contrasts 

to draw between the ways that statisticians and scientists model the 

future, using observations from the present and the past, compared 

with framings that draw on stories, drama, artistic images and 

historical accounts. 

PI’s personal evaluation of the project

Future research plans 
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