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Abstract 
 

Current multiple stressing of the earth system from human activities mean that humans have put the earth 
system into a state for which there is no analogue upon which we can draw to aid our understanding of the 
whole system. This situation thus entails that assumptions that there will be no cataclysmic change in the 
earth system go beyond science. Solutions are proposed to more rationally address this situation. More open 
epistemological assumptions, which develop on current scientific practice, are proposed and illustrated. More 
democratic pluralistic ethical assumptions, which cope better analytically with difficulties in identifying 
thresholds, are identified. Finally criteria are proposed for more open, pluralistic policy processes that are a 
better ‘solution’ to the current stress we are causing the earth system, than economic cost-benefit analysis. 
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1. Introduction 
 
This paper presents the results of a transdisciplinary review of analyses and prescriptions for stress to the 

earth system. My other paper in this conference considers current earth systems science, how that is likely to 
develop in future and what this perhaps tells us for policy for policy in more detail. As befits the title of this 
paper it is more focused on ‘solutions’ in this situation. 

 
 
2. No Analogue to Current Earth System Stress 
 
A quotation from a 2004 International Geosphere Biosphere Programme publication will suffice to 

illustrate what is discussed in more detail in my other paper for this conference: 
Global change is more than climate change. It is real, it is happening now and in many ways it is accelerating. … 
The human enterprise drives multiple, interacting effects that cascade through the Earth System in complex ways. 
Global change cannot be understood in terms of a simple cause-effect paradigm. Cascading effects of human activi-
ties interact with each other and with local- and regional-scale changes in multidimensional ways. … The Earth’s 
dynamics are characterised by critical thresholds and abrupt changes. Human activities could inadvertently trigger 
changes with catastrophic consequences for the Earth System. Indeed, it appears that such a change was narrowly 
avoided in the case of depletion of the stratospheric ozone layer. … The Earth is currently operating in a no-
analogue state. In terms of key environmental parameters, the Earth System has recently moved well outside the 
range of the natural variability exhibited over at least the last half million years. The nature of changes now 
occurring simultaneously in the Earth System, their magnitudes and rates of change are unprecedented in human 
history and perhaps in the history of the Earth. 

(Steffen et al., 2004, 4, emphasis added) 
As I argue in my other paper, the implications of this are that policy processes based on predicting 

consequences are deeply problematic, to the point of being irrational. This paper will consider these policy 
questions in more detail suggesting alternative assumptions and complimentary policy processes.  

Let us briefly consider whether philosophy of science and systems theory will allow the earth system to 
be come predictable in the immediate future. 

 
3. Philosophy of Science and Systems Theory 
 
Despite the preferences of Francis Bacon and Karl Popper it is not clear that any philosophers of science 

or systems theorists including the logical positivists, Popper, Kuhn, Lakatos, Feyerabend, von Bertalanffy, 
Laszlo and Jantsch have suggested ways in which complex systems such as the earth system can be robustly 
predicted. Jantsch (1980) discusses systems that change state at ‘tipping points’. Jantsch does not describe 
how to find tipping points except with laboratory systems where repeatable experiments can be done; nor 
have robust alternatives been identified since. This suggests that policy processes that assume that the earth 
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system can be predicted are deeply questionable. To emphasise this point it is worth illustrating common 
occurrences of situations where tipping points are crossed:  

• Avalanches 
• A high sided vehicle overturning in cross winds or during rapid manoeuvring 
• Metal fatigue which still too regularly leads to fatalities from aeroplane crashes 
• Allergic reactions to nuts or insect stings 
• Heart attacks and multiple-organ-failure   
• Volcanoes and earthquakes 
• Domino effects including Tsunami 
• Stock market crashes 
• Political revolutions – both violent and peaceful.  

In addition there is evidence to suggest that there have been localized climate changes of more than 10°C 
in as little as 10 year in the past, so there is little to suggest that similarly rapid changes will not happen in 
eco-systems or indeed the whole earth system. This situation thus entails that policy assumptions that there 
will be no cataclysmic change in the earth system go beyond science.  

In order to consider whether less consequential epistemology will be possible let us first discuss existing 
epistemology of earth system science.  

 
4. Less Consequential Epistemology 
 
4.1. Consequential Epistemology? 
A review of earth systems science literature unsurprisingly finds that this tends towards a preference for 

epistemological models that attempt to predict the earth system or its components; however, recognition of 
problems with this approach is also quite common. Something of the origins of a predict and control policy  
assumption are worth exploring to indicate how deeply embedded they are in ‘modernity’. As already 
indicated, a key origin of the preference for prediction and control of nature can be found in the work of 
Francis Bacon and can be captured in the phrase ‘knowledge is power’ (Bacon, Meditationes Sacrae, 1597). 
This knowledge and power comes from systematic observation and systematic repeatable experiment 
organised by underlying reasonable theory (Milton, 1998, Vol 1, pp. 627-8). Milton goes on to write of 
Bacon: 

… it was the ability of a theory to endow its holders with power over nature that provided the best, and indeed the 
only genuinely satisfactory, evidence for its truth 

(Milton, 1998, Vol 1, p. 628) 
Or in Bacon’s own words: 
Human knowledge and human power meet in one, for where the cause is not known the effect cannot be produced. 
Nature to be commanded must be obeyed; and that which in contemplation is as the cause is in operation as the rule. 

(Bacon, Novum Organum, 1620, i 3; Quoted in Milton, 1998, Vol 1, p. 628) 
This epistemological and ethical assumption has profound implications for ecological questions and could 

be said to be based on an instrumental (some would say arrogant) anthropocentric ethical assumption (cf. 
Attfield, 2003, p. 31-6). This utilitarian or consquentialist ethical attitude to ‘nature’ is very similar to that 
underpinning much of contemporary economic theory and practice. Bacon applied his perspective on 
‘science’ to politics and policy primarily in a ‘utopian’ literary work or ‘fable’ - New Atlantis - (Bruce, 1999, 
p. xxviii, 151). Bruce argues that Bacon saw  

… the reform of the natural sciences as the great project of his life; and that the New Atlantis is intended to further 
this aim. 

(Bruce, 1999, pp. xxix-xxx emphasis in original) 
Bruce (1999, pp. 149-185) presents a standard edition of New Atlantis (Bruce, 1999, p. xliv), which will 

be the version discussed in this paper. The vision of science that Bacon paints in New Atlantis (Bruce, 1999, 
pp. 177-85) is much more of technology or at least applied physical sciences including physics, chemistry 
and biology, than pure science. This vision appears founded on prediction-and-control assumptions (Bruce, 
1999, e.g. p. 179; cf. Bacon, Novum Organum, 1620). It also worth noting that Bruce (1999, pp. xxxii-xxxv) 
argues that there is little evidence in New Atlantis that it is an ideal society for average citizens, indeed for 
anything except the notion of science as Bacon conceived it. Bacon was quite clear that he believed science 
and technology should be used to control nature, unsurprisingly without any consideration of ecological 
issues. To illustrate from New Atlantis, these are the words used by Bacon to describe the purpose of the 
Atlantean equivalent of the Royal Society:  
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The end of our foundation is the knowledge of causes, and secret motions of things; and the enlarging of the bounds 
of human empire, to the effecting of all things possible. 

(Bruce, 1999, p. 177) 
It is this notion of empire that has deep implications for ecological questions specifically and as a 

questionable epistemological and ethical assumption for policy. 
Bruce (1999, p. xxix) and Milton (1998, Vol 1, p. 630-1) argue that contemporary opinion of Bacon as a 

scientist is not as high as it was, Bacon being more influential as a philosopher of science (Milton, 1998, 
2003, Vol 1, p. 631). For example, Milton (1998, Vol 1, p. 626) argues that New Atlantis had a ‘profound 
influence … on the founders and early practice of the Royal Society’. 

It is not clear just how the above Baconian types of idea affect ‘modernity’; however, commentators such 
as Jung (1993), Norgaard (1989, pp. 38, 53), Davidson (2000), Simpson (2005) suggest they are important, 
and Norgaard (1989, pp. 42-3) suggests that they are still key to attitudes to policy-making. Williams (1992, 
p. 132) highlights the significance of Bacon and also connects this significance to questions of policy advice 
and the limitations of science for this purpose. Ecological discussions of Bacon such as Rodman (1975), 
Merchant (1983, particularly pp. 80-6, 164-89), Hay (2002, pp. 75-6, 123) and Attfield (1994, pp. 17, 29-31, 
48) are critical of the ethical attitudes to nature (and women) by Bacon but make only minor reference to the 
epistemological assumptions of Bacon. That is, they tend to be critical of an ethical assumption in favour of 
exploiting ‘nature’ rather than questions of human ability to sustain its societies on the basis of controlling 
nature. More bluntly, they ask whether we should control nature rather than whether we can ultimately 
control nature or know the limits of our control. It is important that we are clear about the epistemological 
legacy Bacon has bequeathed us as well as the better known and much discussed ethical legacy. 

 
4.2 Complimentary Epistemology? 
The obvious question now is, are there alternative or complimentary forms of epistemology? It is not 

clear that there are credible alternative forms of epistemology. However, there are forms of epistemology 
that add less consequential components to consequential epistemology exemplified in repeatable experiment. 
Specifically, forms of virtue epistemology add less-consequential epistemological virtues (e.g. deliberating 
well and caution) to consequential epistemological virtues (e.g. experimental science or ‘science by 
demonstration’). It is worth making clear that here I am thinking of virtue theorists such as Aristotle and 
Aquinas rather than more contemporary virtue epistemologists such as Earnest Sosa whose work is 
interesting and relevant but a little too specific for the purposes of this paper. It is worth emphasizing that 
experiment has a part to play, simply that less emphasis is put on this form of knowledge. Let me further 
suggest, based on a review much environmental literature, that humility is a potential virtue relevant to the 
current paper that might be an epistemological virtue as well as a moral virtue and as well as suggesting a 
key epistemological virtue might be described as objectivity/inter-subjectivity/rationality/reasonableness. 

The above suggestions are not abandoning anything of science, simply being more open (indeed perhaps 
more open and scientific – cf. Popper, 1966) and balanced rather than having a supra-rational scientistic faith 
in reductive science. It is worth discussing goodness in deliberation in a little more detail. Popper (1966) can 
readily be interpreted to suggest that deliberating well is a key virtue for society and science, particularly in a 
situation where there are difficulties in prediction. Indeed, Popper (1966; 1989, 336-346) argues that 
assumptions of predictability of the development of societies can lead to the kind of historicist totalitarianism 
implicated in some of the most unpleasant regimes of the twentieth century. The basic ideas expressed by 
Popper in The Open Society (1966) appear to be behind the general participatory policy process trend in 
inter-governmental sustainable development policy literature such as Agenda 21. 

Now we have considered whether less consequential epistemology is possible, let us consider whether 
less consequential ethical assumptions for policy are available and potentially helpful in our current situation. 

 
5. Less Consequential Ethics 
 
5.1. Rights  
It is common for philosophers who advocate deontological, rights or duty based ethics to contrast these 

against consequentialist or utilitarian ethics. Simplifying, the reason they do this is to advocate that some 
thing are always right or wrong whatever the consequences, for example Kant claimed that it was always 
wrong to lie. Whatever the merits of such approaches it is not clear that they are helpful in making policy 
decisions about the earth system, given difficulties in prediction. 

 
5.2. Virtue Ethics 
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For at least Aristotle and Aquinas their virtue scheme connects both epistemological and ethical virtues in 
a more or less coherent whole. There are a range of virtue schemes; however, literature as diverse as 
Aristotle’s Nicomachean Ethics, the second part of Aquinas’s Summa Theologica, contemporary discussions 
of Environmental Virtue Ethics (Sandler and Cafaro, 2005) and Palmer and Finlay (2003) among others 
suggest that with regard to environmental questions there is enough commonality that it reasonable to talk of 
global virtue tradition. Crudely this can be summarised in four cardinal virtues – prudence, justice, 
moderation and courage – along with the seven deadly sins or vices – pride, covetousness, lust, anger, 
gluttony, envy and sloth. Cafaro (Sandler and Cafaro, 2005, 135-158) and Wenz (Sandler and Cafaro, 2005, 
197, 205-6) both argue that the traditional seven deadly sins are ecological vices and are typically treated as 
virtue and encouraged by consumerist industrial societies. It should also be fairly clear that moderation of 
consumption (that is consuming not too much or too little) is an ecological (and perhaps social) virtue; that 
courage to take correct ecological action as determined by prudence are ecological virtues and justice to at 
least the global poor is part of sustainable development. Some virtue schemes add three other cardinal virtues 
faith, hope and love (e.g. Connelly, 2006, 70); with hope at least being relevant where we cannot dismiss the 
possibility of eco-cataclysm. Jamieson (1992) argues that virtue ethics responses are analytically more robust 
in situations where consequences cannot be assumed to be known. 

Palmer and Finlay (2003) can readily be interpreted as something like these epistemological and ethical 
principles have been proved to help 11 world religions preserve successful relations with nature for many 
years, in some cases millennia, in the face of difficulties of prediction. The level of agreement, demonstrated 
success, and that Wolfensohn states that ‘two thirds’ (Palmer and Finlay, 2003, xi) of the citizens of the 
world belong to one of 11 world religions suggests that it would be irrational to not consider such principles 
as a possibility in deciding policy. 

It is not necessarily immediately apparent how such ethical assumptions can be translated into policy. 
However, Aristotle does give an indication suggesting that it is a responsibility of government to promote 
virtue and discourage vice. If, as has been suggested much contemporary economic theory and practice does 
the exact opposite then, as this was originally permitted by government, is regulated by governments and is 
promoted by the majority of governments then it is obvious that policy has a part to play in moving from an 
ecologically vicious economic system to one that more virtuous. The questions then remain what changes are 
required, how are they to be achieved and who will bring about these changes. Detailed substantive 
responses to this question are beyond the scope of this paper, beyond the ability of this author, or indeed 
given epistemological limitations and ethical contestation beyond the ability of any individual. From what 
has already been agreed at an international level and has been said so far in this paper it seems that 
participatory processes of some form will be one key way in which any such changes take place and some 
discussion of this will be presented shortly. Before that, at least some discussion of whether less 
consequential ethics can be added to economics is in order.  

 
5.3 Added to Conseqentialism/Utilitarianism 
Many virtues in global virtue tradition consider consequences, so tools such as economics and life cycle 

analysis will continue to have parts to play whether virtue or consequential ethics are the chosen focus for 
policy. Thus it is likely that policy decisions will simply put less emphasis on economic growth rather than 
ignore such questions completely. It may be that strategically and for training purposes, to get society and 
institutions accustomed to other forms of decision process there may be periods where experiments in 
attempting to maximize virtue rather than economic growth may be appropriate. It should be noted that in 
some sense virtue ethics is not about maximizing anything; however, this discussion is sufficient for present 
purposes. Let us turn now to discuss policy processes in more detail. 

 
6. Less Consequential Policy Processes 
 
6.1. Existing Processes 
A review of intergovernmental sustainable development literature including the report of the WCED 

(1987), the 1992 Rio documents, the 2002 Johannesburg documents, the 2001 and 2006 EU Sustainable 
Development Strategies, and OECD (2001) shows a clear tendency to favour predict and control 
epistemological assumptions and economistic ethical assumptions. However, there is also much discussion 
of participatory policy processes, which perhaps opens a space for complimentary assumptions to be 
considered. 

 
6.2 Complimentary/Alternative Processes 
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Given the emphasis on economics in policy making it is not surprising that complimentary or alternate 
processes are not particularly well developed. Any process that is less consequential than economic cost 
benefit analysis could be discussed here; however, given that participatory processes are enshrined in 
international agreements let us focus on these, in particular as they to a lesser or greater extent allow the 
expression of non-economistic ethical views to be brought to bear on policy making. In addition, Popper’s 
Open Society (1966) suggests that where there are difficulties in prediction, open participatory process are 
more rational, in particular by bringing the greatest possible range of ‘expertise’ bear on a question. 

There is a wealth of literature that discusses participatory processes. Holden (1993, 123-30) is a good 
introduction to participatory democracy in comparison with liberal democracy and Holden (2002, 30-52) 
advocates participation of citizens in decisions about ‘global warming’. Lélé (1991, 616); Bäckstrand (2004); 
Weale (1999, 84-105) and Elster (1998) do raise issues with participatory processes however these are 
cautions of practical concerns rather dismissing the theoretical benefits of participatory processes in a 
situation of uncertainty. Contributors to Berkhout et al (2003); Saward (1993, 1996); Smith (2003) and 
Dryzek (1987, 1990, 2000) provide further guidance and support for participatory processes in our current 
situation. Rowe and Frewer (2004); Fritsch and Newig (2007) and particularly Bass et al (1995) provide 
useful guidance on practicalities of participatory processes with Bass et al (1995) demonstrating that with 
sufficient political will, participatory processes can be made to work and lead to better implementation of 
national sustainable development strategies. 

In the literature discussed above, similar literature and more technical literature (e.g. Stirling in Berkhout 
et al, 2003, 55-60), numerous practical approaches for participatory decision processes are described. A 
diversity of these will probably be helpful, particularly whilst participative approaches are being developed, 
but also to reflect people of different types of ‘political’ and epistemological aptitudes. Indeed Stirling 
(Berkhout et al, 2003, 59-60) importantly implies that methods which adopt a: 

… quantitative idiom can convey the otherwise unpalatable implications of ambiguity and ignorance into the 
technocratic and power-laden institutional settings in which social appraisal typically takes place.  

(Berkhout et al, 2003, 59) 
The following are suggested as criteria to judge the fit of approaches to established components of 

sustainable development (e.g. Jacobs, 1999, 26-7) and newly identified criticisms of ‘modern’ policy-making 
in this paper (cf. Smith, 2003, 80-1), specifically for issues where current epistemology does not allow 
prediction, and where control of the earth system and ethical assumptions are contested: 

• Can people readily choose to use or not use the process? Will the process skew results against the 
views or ‘interests’ of those who do not participate? Can citizens readily enter into the process later 
if they disagree with current results? (cf. Munton in Berkhout et al, 2003, 123-5) 

• Does the approach promote or hide an understanding of limitations of managerial approaches to 
society and the earth system? Does it promote participation of citizens in policy decisions? 

• Does the approach promote understanding of the global plurality of epistemological and ethical 
assumptions by participants? Does this understanding include reasons why these assumptions are 
held and the probable global democratic distribution of these assumptions? 

• Does the approach allow the promotion of greater social cohesion and justice (equity)? 
• Does the approach respect the dignity of each individual human and allow the promotion of respect 

(non-instrumental) for nature for its own sake? 
• Does the approach promote an awareness of the possible effects of current actions on those around 

the world, now and in the future? 
• Does the approach allow minimising managerial attitudes both with regard to how people and nature 

are treated? 
• Does the approach allow the input of ‘experts’ but not privilege their opinions in the decision 

making process beyond the quality of their reasoning? Does the approach facilitate the 
communication of the expert opinion in a way that is readily understood by non-specialists? 

• Does the approach minimise the need for experts in the approach to operate the approach? Is the 
approach as transparent as possible?   

• How neutral is the approach in respect of the strengths and weaknesses of particular technologies? 
Energy technologies and cultivation technologies could be useful test cases. 

• How easy is the approach to understand and engage with; particularly to aid understanding of the 
whole earth system and with different types of people, over time, with changing information and 
situations, with different types of question, etc? 
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Obviously this list cannot be seen as definitive; it is based on the analysis of this author as indicated in 
this paper. It is hoped that it is a useful starting point for further development by the academic and policy 
community. 

 
7. Conclusions 
This paper argues that managerial approaches typical of official sustainable development policy are 

questionable. It has identified and questioned some of the assumptions that underpin managerial approaches. 
It has proceeded to suggest alternative assumptions and alternative possible ways in which policy decisions 
might be made. Perhaps the first practical thing that could be done is to stop making decisions on the basis of 
economic cost-benefit analysis as decisions made this way may increase stress to the earth system, not 
reduce it. In addition, the infinite costs of eco-cataclysm for which it currently appears no robust probability 
can be established means that all options subject to cost benefit analysis would probably in theory have be to 
rejected (assuming possibilities of cataclysm are not ignored). That is, cost benefit analysis cannot 
distinguish between different options in an unpredictable earth system because each might conceivably lead 
to eco-cataclysm. In addition, Berglund and Matti (2006) argue that economic approaches to environmental 
policy can reduce ecological virtue in citizens. Indeed, for those who feel the need for numbers, they present 
the results of a reasonably convincing survey that indicates that in Sweden, at least, virtue ethics is more 
important for ecological behaviour than economistic utilitarian motivations. 

If it is still deemed essential for decision making to be informed by reductive analytical methods, life 
cycle analysis should be better than economic analysis, as it can give an indication of stress to the earth 
system depending on which policy and / or technological options are followed. It also highlights the moral 
and epistemological difficulties that remain to be resolved politically when technical analysis is complete. 
For policy-making, it would be important for life cycle analysis to record an indication of any social effects 
as well as environmental effects.   

Whether any combinations of the suggestions in this paper will allow sustainable development is 
impossible to predict. What is clear is that there are options that have been indicated which can make policy-
making less focused on predicting consequences and it has been argued that these are worth further research. 
I currently believe that the two which will move us towards sustainable development most rapidly are: 

1. Scientists having the courage to admit the limitations of science to tell policymakers what will bring 
about the best consequences, however consequences are defined. How long it will take sufficient 
influential scientists to summon this courage is not predictable. It should be noted that scientists 
clarifying the limitations of prediction would not mean less science, as societies may well call for 
more research to better describe the possible effects of human stress on the earth system - 
particularly, if economic costs are much less important in decision-making. However, it might mean 
different science to that which currently receives the bulk of available funding.  

2. Influential critics of economistic utilitarianism collectively engaging powerful advocates of 
economistic utilitarianism. Many are already doing this individually and in small groups, but a 
public and concerted collective effort backed by strong analysis should be more effective at causing 
advocates of economistic utilitarianism to at least question their faith in their creed. Importantly, it 
could also catch the public imagination.  

However, given the levels of prediction possible, these two actions might falter for reasons foreseen and 
unforeseen by this author and perhaps other drivers will lead to more rapid progress to less unsustainable 
development. 

Let me conclude by offering this paper as one of the first in the transdisciplinary field ‘earthsystemology’ 
which I would define as more explicitly questioning of predict and control earth system management than 
current earth system science and more directly policy focused. It is hoped that this particular piece of 
earthsystemology offers greater philosophical and social science sophistication than is typical of earth system 
science. It is further hoped that it adds deeper understanding of earth system science and epistemology than 
is typical of current environmental politics and policy literature. 
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