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Accounting for sustainable development: (re)constructing the agenda

Abstract

As the impacts of the anthropocene have become more evident, the critical role of sustainable development as a central organising principle in a variety of policy contexts has been cemented.  This has also created new spaces for the academy to invent and explore in terms of how knowledge is created and validated.  In addition, the questions that academics are called upon to answer require both innovation and agility in our modes of thinking.  In short, the emergence of wicked problems has led to the development of a post normal approach to knowledge for sustainable development, much of which is now considered under the guise of the field of sustainability science.

This paper starts with an articulation of the motifs of sustainability science as a basis from which one might expect accounting for sustainable development to further evolve. The frustrations expressed in the accounting literature over the perceived lack of progress made by accounting for sustainable development are then explored and are linked back to sustainability science motifs.  The paper then closes with an attempt to illustrate, using two specific fields of inquiry, how accounting research could be shaped by sustainability science in the future and how this may increase the relevance, reach and contribution of accounting.
Keywords: sustainability science; accounting for sustainable development; full cost accounting; sustainable consumption and production; ecological accounting

Introduction
It is widely believed that we are now living in the anthropocene: an era in which “human actions have become the main driver of global environmental change” Rockstrom et al., 2009, p. 472()
.  The need, therefore, to pursue sustainable development has emerged as the key policy response to the multiple threats that the anthropocene presents to human populations as well as other life forms on the planet.  Many disciplines have sought to support the pursuit of sustainable development with social and environmental accounting providing the base from which the discipline of accountancy has engaged with the concept.

Accounting for sustainable development, however, has turned out not to be straightforward, with the creation of defendable accounts of sustainable development being impossible.  Antheaume 2004()
, for example, emphasises the large uncertainties in any externalities account for an organisation and hence the inability to use such accounts in a straightforward manner 
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(see also Bebbington, 2007; Bebbington, Brown & Frame, 2007a; Bebbington & Gray, 2001; Frame & Cavanagh, 2009)
.  Indeed, more recently Gray 2010, p. 47()
 suggests that the “baggage associated with conventional accounting is no longer apposite when seeking to account for sustainability”.  We agree with this statement and this paper builds self-consciously on Gray (2010) to explore what accounting might contribute to academic communities that are seeking to respond the challenges raised by the anthropocene as well as how it might itself be transformed by that engagement.
The paper tackles this task by way of a three stage investigation.  First, the paper introduces an emerging area in the academy (sustainability science) which takes a particular approach to knowledge generation and application which it believes to be appropriate for the sustainable development problem set.  Second, it is our contention that the tendency in the accounting for sustainable development literature to take on board the pre-occupations of accounting itself has inhibited the development of what we term ecological accounting (that is an accounting that can deal with the difficulties of pursuing sustainable development). The third element of the paper seeks to take a sustainability science approach to develop accounting for sustainable development in new ways, considering two areas of inquiry. First, an existing area of inquiry (that of full cost accounting) is reframed from a sustainability science perspective and new avenues for developing this area are suggested. Second, the paper explores the example of certification schemes (that seek to provide information on and influence consumption and production activities) and outlines how accounting could, in combination with other disciplines, contribute to knowledge and practice in this area.  In this way, the paper seeks to close with two examples of how accounting could contribute to a sustainability science investigation.
Sustainability science and sustainable development
The term sustainability science is a description applied to a particular approach to knowledge production that seeks to point “the way towards a sustainable society” 
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(Komiyama & Takeuchi, 2006, p. 2; see also Kajikawa, 2008; Kastenhofer, Bechtold & Wilfing, 2011)
. The term is most frequently credited to Kates et al. (2001)
, although it draws extensively on previous discussions of wicked problems Beilin & Bender, 2011(; Rittel & Webber, 1973)
 and post normal science Funtowicz & Ravetz, 1993()
 with clear links to notions of ‘mode 2’ knowledge production Gibbons, Limoges, Nowotony, Schwartzman, Scott & Trow, 1994(; Müller, 2003)
, addressing ‘divergent problems’ Orr, 2002()
, and/or seeking consilience the ‘jumping together’ of knowledge, see Wilson, 1998()
.

Motifs of sustainability science
While a universal definition of sustainability science is not possible (nor desirable), various motifs that characterise this approach have been outlined in the literature, namely its: domain of concern (inter-disciplinary understandings of nature-society interactions); problem driven focus; participatory and democratic desires; and its normative base.  Each characteristic is outlined in more depth in the following paragraphs.
Sustainability science is concerned with the “fundamental character of interactions between nature and society” 
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(Clark & Dickson, 2003; Kates et al., 2001, p. 641; Quental, Lourenço & da Silva, 2011)
.  Understanding such interactions requires both an understanding of the particular systems in question as well as the interactions that emerge at their intersection and at different scales Holling, 2001()
.  For example, Jerneck et al. (2011, p. 72)
 describe natural systems as being “driven by a set of fundamental natural principles, such as gravity, thermodynamics and natural selection, while social systems are driven by totally different dynamics, such as demography, ideology, inequality and power struggles, as well as rationalisation, specialisation, institutionalisation, competition, capital accumulation, efficiency and technological change”. While sustainability science articles do not always fully address the humanities which can be seen as reflecting on the “values implied in human aspirations and projects”, Gibbons et al., 1994, p. 7()
, the focus on social systems tends to also encompass issues that the humanities can and do shed light on.
Importantly, sustainability science emerged at a time when science was being asked to engage in policy domains which were characterised by high levels of complexity and uncertainty.  At this time it also became apparent that “laypersons (e.g. judges, journalists, scientists from another field, or just citizens) could master enough of the methodology to become effective participants in the dialogue” Funtowicz & Ravetz, 1994, p. 204()
.  Moreover, Funtowicz & Ravetz (1994, p. 204) note that since “no particular expertise can deliver certainty for policy decisions, no expertise can claim a monopoly of wisdom and competence.”
As a result, sustainability science adopts an inter-disciplinary approach to problem definition and analysis 
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(Clark & Dickson, 2003; Jerneck et al., 2011)
.  Further, it is assumed within sustainability science that we are facing problems that are different from existing problems in both scale for example that they are global in expression – see Allen, Fontaine, Pope & Garmestani, 2011()
, as well as complexity 
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(in that there are possibilities for irreversible outcomes as well as the potential for discontinuities/tipping points in these systems – see Jerneck et al., 2011; Quental et al., 2011;  and especially Scheffer, Carpenter, Foley, Folke & Walker, 2001)
. Indeed, Jerneck et al. (2011, p. 70)
 suggest that taken together “anthropogenic influences on global life support systems have reached a magnitude unprecedented in human history, levels that now jeopardise the well-being of humanity.” In addition, emergent properties are likely to arise from systems interactions Clark & Dickson, 2003()
.  Further, many of the problems that are faced are in need of urgent resolution Cohen, Demeritt, Robinson & Rothman, 1998()
.  Taken together, these characteristics are often described as being ‘wicked’, and sustainability science suggests that wicked problems can only be addressed through interdisciplinary research.
The second key characteristic of sustainability science is that it is problem focused along with being applied in nature. Problem based investigations are most typically interdisciplinary (especially if problems arise from interactions between systems as well as being complex).  A problem based approach that assumes interactions are complex and hence are expressed differently in particular contexts leads to a focus on particular expressions of those problems.  This focus, however, is at odds with a general trend in knowledge production on generalizability Cohen et al., 1998 discuss this in the context of global climate change()
.  In this vein, Clark & Dickson, (2003, p.8060) caution against a focus on the specific leading to a presumption that sustainability science does not address fundamental questions – indeed the questions posed by Kates et al., (2001), among others, are fundamental in nature, albeit that their investigation may be particular in execution.  A focus on the particular has several ramifications.  First, a detailed particular view is likely to expose more clearly the position of the most vulnerable (which is obscured in averages) and hence may require a series of ethical judgements to be made about the conduct of the work (which is itself linked to the fourth characteristic of sustainability science described below).  Moreover, the issue of how, if at all, knowledge from one study may be connected to knowledge from another study is an area of debate (with social learning processes being focused upon).  Third, this focus also requires a different approach to assessing the ‘validity’ of the work (this is also addressed separately below under an exploration of the notion of ‘quality’).

The third characteristic of sustainability science is that it tends to be more participatory in nature than traditional science: that is, knowledge is coproduced, 
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(see Clark & Dickson, 2003; and Cortner, 2000, who describe this as ‘civic science’)
.  If one seeks to understand complex problems and their expression in a particular context then those who are directly affected by those problems are likely to have insight into how they have been created, how they are sustained and what might be done to address them Cohen et al., 1998(; Jasanoff, 2007)
. Further, as noted above, the distinction between experts and laypersons is blurred in sustainability science. Therefore, a more participative approach to knowledge generation is also at the core of the post normal approach, especially in its use of extended peer communities Funtowicz & Ravetz, 1993()
 to assess the characteristics of knowledge generated.
Moreover, many actions that are sought in the name of addressing sustainable development will require individuals, communities and institutions to change and may involve difficult trade-offs to be negotiated see de Vries & Petersen, 2009, for a description of how the Netherlands has attempted this()
.  If the resolution of a problem cannot be achieved by resorting to ‘facts’ a collectively agreed course of action has to be sought.  Likewise, the wicked nature of sustainable development problems means that solutions are never permanent.  Rather, ‘solutions’ require continual reworking.  The active and on-going participation of those who are affected by (and who affect) a sustainable development problem situation is therefore necessary.  Indeed, this point speaks to another characteristic of wicked problems in sustainability science.  That is, “scientific exploration and practical application must occur simultaneously … [and hence] influence and become entangled with each other” Kates et al., 2001, p. 642()
.

The fourth motif of sustainability science concerns its explicit recognition of its normative base.  Indeed, the nature of the issues it addresses is such that the question of values cannot be avoided Cohen et al., 1998(; Spangenberg, 2011)
.  Neither can the fact that many sustainability problems arise from, result in and/reinforce inequality.  There is some debate if this is a clearly distinguishing feature of sustainability science with, for example, Cohen et al., (1998, p.366) arguing that science “is political in non trivial ways” and has always been normative Cortner, 2000(; Goeminne, 2011)
.  It would appear, however, that even while many have accepted the value driven nature of science, not all have and as a result the explicit recognition of this aspect of sustainability science is necessary.

Taken together, sustainability science points towards a very different sort of investigation than that normally undertaken in natural science and (some) social science disciplines.  Arenas that are starting to demonstrate these characteristics include: industrial ecology, ecological economics, human ecology, social ecology transition theory, resilience theory, cultural theory, world systems analysis and earth system governance see Pretty, 2011 for other examples()
.
Sustainability science emphasises that learning from feedback obtained from the experiments in action are necessary to address sustainable development issues.  Indeed, Allen et al. (2011, p. 1339)
 characterise sustainability science as being “based on the philosophy that knowledge is incomplete and much of what we think we know is actually wrong, but despite uncertainty managers and policy makers must act”.  As a result, we need continually to imagine and shape a sustainable trajectory (Kates et al., 2001).  Indeed, Jasanoff (2007, p.33) frames the debate thus

“[we] need disciplined methods to accommodate the partiality of scientific knowledge and to act under irredeemable uncertainty.  Let us call these the technologies of humility.  These technologies compel us to reflect on the sources of ambiguity, indeterminacy and complexity. Humility instructs us to think harder about how to reframe problems so that their ethical dimensions are brought to light, which new facts to seek and when to resist asking science for clarification.  Humility directs us to alleviate known causes of people’s vulnerability to harm, to pay attention to the distribution of risks and benefits, and to reflect on the social factors that promote or discourage learning”.

This kind of approach is also sometimes described as social learning.  That is, “learning together to manage together … based on the need for learning by doing, rather than the need to provide definitive answers. Social learning seeks to turn knowledge into action via a refined interplay between iterative practice and planning” Cummins & McKenna, 2010, p. 799()
.  In addition, Pahl-Wostl, Mostert and Fabara (2008, p. 24)
 note that social learning “entails developing new relational capacities, both between social agents, in the form of learning how to collaborate and understand others’ roles and capacities differently, and also between social-ecological systems.”
Quality of knowledge issues
The local, interdisciplinary, applied, participatory and normative focus of sustainability science raises the question of how to assess the validity of knowledge generated. Aslaksen and Ingeborg Myhr (2007, p. 489)
 note that when “science no longer is imagined as delivering “truth” irrespective of context, science receives a new organizing principle, that of quality” (see also Funtowicz & Ravetz, 1994).  As such, quality “is determined by a wider set of criteria which reflects the broadening social composition of the review system” (Gibbons et al., 1994, p.8).  Likewise, Funtowicz & Ravetz (1994, 205) propose that “unity in post-normal science derives not primarily from a shared knowledge base, but from a common commitment to certain sorts of approaches for resolving complex policy issues”.

This approach to determining robustness or quality of sustainability science work is a logical consequence of problem based inquiry in the context of an extended peer community.  Indeed, as Cohen et al., (1998, p.366) note:

“there is no point in expecting the analysis of the ethics, or even the costs, of climate change mitigation to be susceptible to the same standards of analysis and evaluation that apply to measurements of mean global temperature.  Both qualitative and quantitative … approaches … are required, and it serves no useful purpose to try and conflate them”.

Moreover, Baumgartner (2011, p. 785)
 notes that in sustainability science ‘relevance’ becomes the question, that is ‘effective’ research is that which “can help to reduce negative sustainability impacts and … contribute to a transition to sustainable societal patterns”.

In summary, Clark & Dickson (2003, p.8060) note that sustainability science “is not yet an autonomous field or discipline, but rather a vibrant arena that is bringing together scholarship and practice, global and local perspectives from north and south, and disciplines across the natural and social sciences, engineering, and medicine.”  The approach has widespread support and it is believed that it may provide some basis for addressing sustainable development problems (but not resolving them as they are, by nature, irresolvable).  Indeed, Baumgartner (2011, p.785) noted that given “sustainability problems are concerned with many different disciplines, the interactions of which are of high complexity … sustainability science must be both integrated into traditional disciplines as well as be integrated within multi, inter and transdisciplinary research programs.”  This brings us to consider how a link may be made between sustainability science and the discipline of accounting.  Before that link can be made, however, a short digression into defining (or not) sustainable development will be undertaken.
Defining sustainable development

Sustainable development is most frequently described as “development that meets the needs of the present without compromising the ability of future generations to meet their own needs” UNWCED, 1987()
.  Cohen et al., (1998, p.351) note that in

“adopting the term ‘sustainable development’, the [Brundtland] Commission argued that problems of human development (poverty, inequity, basic human needs) could not be separated from, indeed were causally connected with environmental problems of resource depletion, biodiversity, pollution and life support systems. The fact that this concept was articulated by a UN Commission headed up by a Head of State of an industrialized country gave it much greater visibility and impact than would have otherwise been the case. It also parachuted SD [sic] onto the political agenda, both in the international arena and also, in many countries, domestically. Finally, the explicit linkage of the population and development ‘problem’ in developing countries with the ‘consumption’ problem in industrialized countries meant that SD was inherently a global concept.”

As a result, sustainable development “is not a scientific concept but a contested term in an essentially political discourse about human activities and behaviour” (Cohen et al., 1998, p.352) with the intention of developing “a more integrated approach in tackling deeply intertwined global environmental problems and development issues” (Goeminne, 2011, p.627).  Having noted its essentially contested nature there are a number of arenas of concern that are widely accepted to fall within the remit of sustainable development.  Clark & Dickson (2003, p. 8059) phase these up as the “so-called WEHAB … [reflecting the 2002 Johannesburg conference] targets of water, energy, health, agriculture and biodiversity.”  Likewise, in keeping with sustainability science focus of the intersection between the natural and social world, ecological and equity issues are at the forefront of any sustainable development inspired investigation.

For example, current concern (reflecting Rockström et al., 2009) focuses around the threat to human wellbeing presented by climate change Intergovernmental Panel on Climate Change, 2007(see ; Stern, 2006)
 along with concerns about the integrity of ecosystems Millennium Ecosystem Assessment, 2005(; UNEP, 2007)
.  Indeed, there are suggestions that humankind is witnessing (and indeed driving) the seventh mass extinction that the planet has experienced Carpenter & Bishop, 2009()
.  These concerns about human modification of the planet’s life support systems focus, in the main, on the threats to human wellbeing that arise from these trends through the loss of ecosystem services for a significant recent publication on the implications of these trends see TEEB, 2010()
.
While ecological concerns often focus on future threats to human wellbeing, there are also a number of other challenges in this area.  Development (however conceptualised) around the globe is highly unequal: some members of our human family experiencing grinding poverty while others are starting to experience the ‘diseases of affluence’ (for example, obesity, heart disease and psychological ill health).  Concern about unequal development manifests itself in global equity debates (as expressed in the Millennium Development Goals, see http://www.un.org/millenniumgoals/) but equity within countries remains a major policy concern and drives, to greater or lesser extent, all national government policy agendas Wilkinson & Pickett, 2009()
.  Indeed, the nature and drivers of wellbeing of human populations remains an area of active debate and experimentation in many countries see Jackson, 2009(; Stiglitz, Sen & Fitoussi, 2009; Victor, 2008)
, drawing on earlier work in this area Ayres, 1998(; Daly, 1996)
.
As a result, it is possible to point to an array of particular issues that sustainable development concerns itself with, without coming to a formal definition of sustainable development that would encompass all possible activities that might arise within its ambit (see also Quental et al., 2011 for a synthesis of characteristics and scientific roots of sustainable development).  Of course, this characterisation (as opposed to a definition of sustainable development) poses problems if one is used to a discipline where concepts and spheres of inquiry are relatively settled.  Müller (2003, p.24) explored just this point and notes that that “pronounced transdisciplinarity of mode-2 science does not support the development of any formalism … [and further notes that a] lack of formalism and generally accepted definitions and ideas” makes such inquiries appear unusual from the point of view of more formalised fields.  Further, Müller (2003, p.24) notes that by ‘formalism’ he does “not mean a mathematical formulation of a theory but merely some rather robust and widely accepted framework to rely on in discussions.”

In a similar vein, Cohen et al., (1998, p.354) reject the suggestion that

“the concept of … [sustainable development] is empty.
 Indeed, it can be argued that it represents a potential breakthrough in thinking about the linkage between environmental and social issues. It allows, even requires, a recognition of the globally interconnected nature of environment and development questions. In so doing, it points to the need to reconcile the interests of different regions of the world, and the need to explore ways of reducing global environmental impacts while simultaneously increasing human wellbeing.”

Further, Cohen et al., (1998, p.354) argue that sustainable development “has found expression primarily in the political arena as a policy and behavioural issue, not a scientific one … [and is] deeply rooted in the real political and decision-making processes that will be a principal means through which the ideals of sustainability is achieved”.  Furthermore, O'Riordan (2004)
 notes that sustainable development work is “energized by the failure to overcome complex and policy-linked problem arenas such as climate change, biodiversity management, social justice and entitlement to all people to steward essential planetary resources for permanent and workable livelihoods [and that these] … are the hallmarks of sustainability.”

As a result, the broad nature of the Brundtland Report definition of sustainable development has allowed a wide coalition to unite under its rhetoric while the implications that arise from its application in particular situations remain contested.  As a result, the application of sustainable development principles in particular contexts and at particular points of time requires considerable intellectual and practical work (many of the tools for which are developed from within sustainability science).  Further, given the complex and interlocking nature of the issues to be addressed, focusing solely on conventional, discipline specific research is unlikely to be effective (albeit that excellence within discipline knowledge is a pre-requisite for bringing knowledge to a more sustainability science orientated exploring of sustainable development).  As a result, pursuing sustainable development requires new modes of intellectual investigation building on new forms of thinking so that knowledge from many disciplines can be synthesised to engage with the complex, interlocking and ethically imbued problem set that we are facing.  The activities of social and environmental accountants play a role within this context and it is to this field that we now turn our attention with the aim of exploring what a more sustainability science orientated accounting research agenda might entail.
Linking sustainability science to accounting
This section describes how the accounting for sustainable development literature (see Thomson, 2007 for a detailed summary of its characteristics and also Unerman et al., 2007) has yet to fully embrace new modes of intellectual investigation, as required by the challenges raised by sustainable development. It is our contention that this situation has arisen from a tendency in this literature to take on board the pre-occupations of accounting itself as well as the absence of any systematic development of alternative, sustainability science, inspired examinations of the field.  Indeed, reviews of the accounting and sustainable development literature often express frustration at the perceived lack of accomplishments in this area.  These frustrations can be classified as arising from, firstly, the diversity in research perspectives in the area which are seen as preventing the development of programmes of research to systematically address problem areas.  Second a perceived lack of connection between corporate discourses and corporate actions which renders accounting for sustainable development impotent.  Third, the difficulty of linking accounting for sustainable development at the entity level with sustainable development has led to reframe this activity around relativistic positions.. Each of these areas of concern can be reframed from a sustainability science perspective in order for accounting to be up to the challenges raised by sustainable development.
Diversity in research perspectives

Thomson 2007()
 contends that the diversity of accounting for sustainable development research approaches, coupled with an ill-defined conceptual core for the area as well as a lack of engagement with previous literature, seriously hinders the possibility of developing a reflexive discourse about sustainability accounting. Thomson’s observation is interesting given the existence of an established sense of community among researchers 
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(Bebbington & Dillard, 2007; Deegan & Soltys, 2007; Owen, 2008; Parker, 2005)
, as well as the not infrequent boundary crossing of scholars with varied intellectual commitments (for example, accountants, economists, organizational theorists or sociologists). We contend (in agreement with Thomson) that this diversity stems from and perpetuates a lack of internal impetus in the field and the subsequent importation from outside of research questions, whose primary focus is not to provide evidence about how the discipline of accounting might be involved in exploring and supporting sustainable development, but which aim to feed into the business and accounting debates over managerial behaviour, financial and non-financial indicators and/or contemporary preoccupations and debates in critical theory.

The following examples illustrate how the research activities that dominate the accounting for sustainable development research landscape (including social and environmental concerns) have emulated and incorporated the arguments of different accounting and business literatures. First, desk-based content analyses of sustainability reporting practice focused on research questions emerging from voluntary disclosure Healy & Palepu, 2001()
 and resource dependence Dowling & Pfeffer, 1975()
 literatures have given rise to the prevalence of legitimacy theory studies. Second, the normative accounting tradition in Continental Europe underpins discussions about accounting technologies devised to introduce sustainability concerns in corporate management, relying, for example, on notions of financial and non-financial information for example, Bennett, Bouma & Wolters, 2002()
. Finally, critical accounting research has often imported Marxist or postmodern frames from accounting research to downplay the possibility of social accounting for example, Tinker, Neimark & Lehman, 1991()
. Although this approach (that of importing research questions from accounting and business) has contributed to our understanding of the interplay between accounting and sustainable development, the thesis of this paper is that this knowledge is not sufficient to address the challenges raised by sustainable development and, in some cases, has prevented the development of more fruitful areas of research.
Returning to Thomson’s point about the diversity in sustainability accounting research, there are reasons to believe that unity among accounting for sustainable development researchers is not possible or even desirable.  Specifically, it is not possible since the disciplinary organization of the academia is likely to provide an ongoing influence over accounting for sustainable development research. This could, given the influence of the accounting discipline on the field, lead to the dominance of a narrow version of normal science (that is, positivistic epistemology) which  noticeably is not, on its own, likely to offer the new modes of intellectual investigation needed to address sustainable development see Pfeffer, 1993(; Watts & Zimmerman, 1986 who call for such unanimity)
. Indeed, reframing accounting for sustainable development research around the motifs of sustainability science would, by its very nature, favor plurality and transdisciplinarity rather than unanimity.
Corporate discourses and actual corporate actions

The second frustration evident in the accounting for sustainable development literature derives from the finding of a lack of correspondence between sustainability accounting and reporting and “reality” Adams, 2004(; Hopwood, 2009)
.
 Given the dominant epistemology in accounting outlets, it is hardly surprising that the existence of some observable facts in the form of corporate reports has attracted so much interest and produced a large number of research papers. Content analyses have shown an overarching bias toward the disclosure of good news Deegan & Rankin, 1996()
, displaying organizational best intentions and have interpreted those findings using the rationale of, so-called, legitimacy theory Deegan, 2002(; Patten, 1992)
. These studies note that sustainability reporting is of no help for discharging corporate accountability and therefore question the usefulness of such reporting practices. Qualitative studies have explained the ways in which sustainability accounting and reporting is implicated in the construction of corporate discourses that align their public perception with institutional demands 
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(Bebbington, Larrinaga & Moneva, 2008; Buhr, 1998; Buhr, Reiter & Martin Freedman and Bikki, 2006; Laine, 2009)
 and how disclosure seems to be quite often decoupled “from the factual organizational actions” Laine, 2009, p. 1047()
. Rather than a broader accountability instrument, these scholars have concluded that sustainability reporting should be understood as a tool for corporate communication, addressed at the most powerful stakeholders Neu, Warsame & Pedwell, 1998()
, notably providers of financial resources Bebbington et al., 2008()
. Further, these results are based on the study of listed and/or large for profit companies (Thomson, 2007) and therefore neglect significant areas of human activity in which sustainability reporting may play a different role  see Larrinaga & Pérez, 2008()
.
This densely populated research area has been quite successful in constructing what could be labeled as a “sociology of preparers” see Christenson, 1983()
 that, using legitimacy, neo-institutional and other theories yields important insights into the why and the how of the vacuity of most current sustainability reporting practice Gray, 2006()
 and the short-sighted behaviour of business managers. A sociology of preparers approach also provides a safe area in which to develop research methods widely accepted by accounting and business journals. The irony is, however, that by taking over the job of sociologists, the wider relevance of accounting for sustainable development is questioned 
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(Owen, 2008; Parker, 2005; Parker, 2011)
.  As a result, scholars with interests in mainstream accounting Parker, 2011()
 or other fields could be making contributions to accounting for sustainable development are not drawn to the field, given that its irrelevance has been widely demonstrated.
 One prominent example of this is provided by critical sociologists, who ignore the literature in the accounting for sustainable development field
 when they focus on detailed accounting issues (see also below).

A reconceptualization of the field in light of sustainability science would involve fostering riskier research programs (although it could be argued that the riskier approach is to continue doing what we are) that would involve interdisciplinary research that situates accounting in a broader discussion (compared to the conversations taking place in accounting), applied and problem-focused research (following for example the calls that have been made for research engagement with stakeholders and managers) and recognizing that the kind of research that is needed for accounting for sustainable development to address the challenges must be normative.

Narratives versus humble accounts of sustainability

The problematization of the relationship between accounting and the actions and outcomes sought in the context of sustainable development leads to a final frustration: corporate accounting and reporting is decoupled not only from factual organizational actions, but from sustainability itself 
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(Gray, 2010; Gray & Milne, 2004; Moneva, Archel & Correa, 2006)
. It is argued that corporate accounting and reporting presently has nothing to do with sustainability not only as a consequence of the difficulties derived from the notion of sustainability itself, but also of the awkwardness of any attempt to translate this notion at the organizational level Gray, 2010(; Gray & Milne, 2004)

. Those difficulties make accounting for sustainability a complex exercise as it is difficult to resolve in which direction accounting should move to make a positive contribution to sustainable development.

The inherent difficulty in defining exactly what sustainability and organizational sustainability mean has led some to embrace what would seem a postmodern turn that suggests that sustainability accounts can only be conceived of as narratives intended, at their best, to construct a plurality of discourses about sustainability see Gray, 2010()
 and among which it is impossible to adjudicate. The risks of such a view are that by neglecting the material dimension of environmental processes and adopting a contemplative and theoretically detached position Redclift, 1999()
 accounting is not likely to respond to the challenges that sustainable development raises. Cognizance of the postmodern critique of accounting for sustainable development, Gray (2010), for example, struggles to justify (on pragmatic grounds) its continued activity in terms of offering a counterpoint to narratives offered by corporations.
This point is further explored with the assistance of ideas arising from the contribution of critical sociologists Lohmann, 2009(; MacKenzie, 2009)
 and sustainability science. Two sets of arguments arise from this point (and are developed next in the paper): first, how relativistic stands about sustainability and accounting for sustainable development are unfounded and, second, how accounting for sustainable development holds a potential for (un)sustainability.
Even in the case of carbon accounting, where a singular conjunction of institutional influences allowed a reform of markets (compared, for example, to academic exercises such as full cost accounting), Lohmann (2009) and MacKenzie (2009) have illustrated the difficulties in producing accounts for carbon.  These difficulties derived from uncertainties in the science of climate change for example, the likely existence of unknown tipping points leading to dangerous climate change – see, Bebbington & Larrinaga, 2008()
, incomplete knowledge about the exact effect on the radiation balance and the lifetime in the atmosphere of different gases MacKenzie, 2009()
 and the politics involved in the definition of notions of opportunity costs or hypothetical baselines Lohmann, 2009()
. As such, the uncertainty of climate change makes the social construction of carbon accounts debatable, although this is not reflected in the everyday operation of markets Lohmann, 2009(; MacKenzie, 2009)
. Given its interest in the interplay between nature and society, sustainability science can provide some insight to this situation.

Sustainability science suggests that a crucial distinction exists between natural and social systems.  Although there is uncertainty about the natural system aspect of sustainable development, this uncertainty is of a different kind than that which exists when it comes to examining the contestable and disputable nature of the social systems aspect of sustainability (see also, Frame & O’Connor, 2011). For example, although both carbon markets and organizational sustainability are social constructions (represented through language and symbolically) climate change and other elements of the ecosystem resist being purely social constructions albeit that they have an (uncertain) physical substance. In this regard, it is necessary to distinguish the incomplete knowledge of phenomena in the natural system Brugnach, Dewulf, Pahl-Wostl & Taillieu, 2008(; W.E. Walker, 2003)
 from the inherent contestability and multiple framing of the social objects of knowledge (for example, carbon markets or the notion of organizational sustainability). In this respect, contradicting the view of sustainability as an empty signifier, there is already established evidence about the physical base of many of the impediments to sustainable development Rockstrom et al., 2009()
, which requires accommodating the partiality of scientific knowledge Jasanoff, 2007()
 in the context of urgent action that scientific knowledge nonetheless suggests is necessary.

This point is important because, although the critique of carbon markets and organizational sustainability is well founded, an extreme relativist position with regard to scientific evidence proves to be inherently conservative because it sabotages the evidence arising from environmental sciences and playing in favour of environmentally unsound interests Dunlap, 2010(for example, the focus from some sectors on deconstructing the science of climate change, see ; Redclift, 1999)
. As Latour (2004, p. 231)
 put it, referring to the science of climate change:

“[m]y argument is that a certain form of critical spirit has sent us down the wrong path, encouraging us to fight the wrong enemies and, worst of all, to be considered as friends by the wrong sort of allies because of a little mistake in the definition of its main target. The question was never to get away from facts but closer to them, not fighting empiricism but, on the contrary, renewing empiricism.”

Much of the work of sustainability science emerged precisely as a reaction and an alternative to postmodern criticism of science Funtowicz & Ravetz, 1993()
. Instead of neglecting the material dimension of sustainability and theoretical detachment, post normal science chose to work with the available scientific information and develop methods to make “our ignorance usable” Funtowicz & Ravetz, 1993, p. 743()
. The methodological contribution of post normal science lies, on the one hand, on recognizing that the quality of facts can vary and that this requires disclosing the uncertainties surrounding science. On the other hand, post normal science makes explicit the problematic interplay between science and society (that is,  when science is applied to policy issues to explore social courses of action required as consequence of the knowledge about sustainability issues). Moreover, uncertainty is not only inherent in scientific inputs to the policymaking process, but also the values used in such processes and the decision stakes present in it.
The lessons for accounting derived from this discussion are twofold. First, although we still need to know more about the social construction of sustainability accounts to support the critique, for example, of their simplistic nature Gray, 2010()
, accounting scholars need to be aware of the implications of such research.  To argue that sustainability accounts are both contestable and provisional is different than saying that anything goes or that this activity has no useful meaning. If this distinction is not made, not only will accounting be likely to be captured by those opposed to holding organizations accountable for sustainable development impacts, but probably also by the (understandable) nihilistic tendencies of some influential scholars in the field. Second, there is a need to explore the importance of the ideas drawn from sustainability science about the quality of information and the management of uncertainty and decision stakes Funtowicz & Ravetz, 1993()
. This route is suggested in Gray (2010, p56) when he proposes that any sustainability account “must be tentative, doubtful, self-consciously political and recognising conflict.”

In their critique of carbon accounting and carbon markets critical sociologists have also signaled the potential of accounting for sustainable development. Despite uncertainties surrounding climate change, equivalent global warming potential of gases and other accounting technologies have been black-boxed, allowing the carbon market to operate 
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(Callon, 2009; Lohmann, 2009; MacKenzie, 2009)
. This shows that despite accounting for sustainable development being intrinsically problematic, it also holds a substantial potential since once a given measurement technique has been black-boxed it remains unquestioned in praxis and policy making. As Hopwood (2009, p. 433) noted “the role of calculation would still not be minimal” in creating a more sustainable human society. Critical sociologists thus foresee better prospects for accounting for sustainable development research than those found for example by Gray (2010) when they show how relevant (if we wish to influence the basis for praxis and policy making) research is into areas of detail in accounting and other technologies before they are black-boxed. As MacKenzie (2009, p. 453)
 put it in the particular context of carbon markets, “making carbon markets more effective is crucial, and the esoteric nature of their subpolitics means that researchers have a particularly salient role to play in bringing to light matters of apparent detail that in fact play critical roles in this respect.”

Although we could conclude that desired changes in praxis and policy making in accounting for sustainability have not created desired outcomes Owen, 2008()
, researchers could still make a substantial contribution by investigating issues of detail. A reconstructed accounting for sustainable development agenda would be characterized by problem-focused research, exploring particular manifestations of topics of concern that, through engaging with stakeholders and organizations, co-produces knowledge. The validity of this knowledge cannot be solved by reference to facts, but by reference to effectiveness of solutions and will require continual reworking. Research of this sort already exists but the value of sustained empirical co-developed accounting is currently a relatively small part of the total literature.  Further, in order for accounting to influence practice and policy making, scholars need to engage with those affected by unsustainable development, such as NGOs, trade unions Owen, 2008()
, social movements 
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(Cooper, 2005; Cooper, Taylor, Smith & Catchpowle, 2005)
 or organizations themselves Adams & Larrinaga, 2007(; Bebbington, Brown, Frame & Thomson, 2007b)
.

Accounting and sustainability science investigations

The core thesis of the paper is that, if a sustainability science approach is taken, accounting for sustainable development would develop in new ways.  In exploring this proposition, the paper first explained the motifs of sustainability science as well as re-examining the existing accounting for sustainable development literature through the lens of sustainability science.  This final section seeks to further build the case by reference to two areas of study.  First, takes an area of accounting investigation (that of full cost accounting) and suggests how this area could develop if it were more formally infused with sustainability science thinking.  The second investigation takes a theme of central importance to sustainable development (that of sustainable consumption and production) and demonstrates one way in which accounting expertise could contribute to its investigation, specifically in the context of certification schemes.   Taken together, this section seeks to ground the preceding conceptual discussions into more concrete propositions concerning accounting research agendas.  Both areas of study would have to embrace the characteristics outlined in the first section of the paper: exploring areas of significant ecological-societal interaction by focusing on a particular problem set that requires the participation of multiple parties (as well as disciplines) to ensure a more just and ecologically sound outcome.  

Full cost accounting: meaningless precision?

One of the basic tenets of policymaking in the context of sustainable development has been the ‘polluter pays principle’ United Nations, 1992()
. This principle has inspired accounting for sustainable development research and praxis to integrate external costs into the organizational bottom line to account for the use of environmental services.  The purpose of these accounts is to pave the way for an identification of more sustainable ways for obtaining goods and services and to shed light on the (un)sustainability of organizational operations. Such reasoning is based on the belief  that implicit valuations are present in any decision and that it is probable that a zero value will be attached to sustainable development concerns if there is no formal device to change this Costanza et al., 1997()
. In the accounting literature these concerns find expression in full cost accounting 
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(Antheaume, 2004; Bebbington & Gray, 2001; Bebbington, Gray, Hibbit & Kirk, 2001; Gray, 2010; Herbohn, 2005)
, with variants such as the Sustainability Assessment Model also emerging 
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(Bebbington, 2007; Bebbington et al., 2007a; Frame & Cavanagh, 2009; Xing, Horner, El-Haram & Bebbington, 2009)

. 

Let us consider one practical translation of such reasoning: the Spanish Railways (RENFE) disclosed in its 2010 annual report that in this calendar year its freight service saved 2,297 million euros in external costs to that country, due to reductions in air pollution, carbon emission and noise. This example illustrates both the problems and potential of full cost accounting. In their post normal science critique of the valuation of the environment Funtowicz and Ravetz (1994, p. 201)
 quote the mathematician Gauss, who said that “[l]ack of mathematical culture is revealed nowhere so conspicuously as in meaningless precision in numerical calculation” and yet figures like the one reported by RENFE are important inputs in policy making. Recognizing the problems raised by environmental valuation, Antheaume 2004()
 explored the different assumptions and bases used for the valuation of externalities, obtaining an external cost valuation of an industrial process that could range from 1.52 to 18,838.28 thousands of euro per unit of product. The figures provided by RENFE and Antheaume illustrate the basic challenge to accounting for sustainable development: on the one hand, it has potential to create change because numbers do not merely inscribe reality but also constitute it Miller, 1994()
 and, as debatable as these figures might be, the problem of abandoning the potential of some kind of external cost appraisal is that the conservative re-production of unsustainable modes of production is likely to continue. On the other hand, given the uncertainties surrounding societal definitions of sustainable development, it is perhaps meaningless to provide external cost figures that purport to be accurate. Further, any attempt to measure external costs will inevitably produce new externalities, “overflows” in Lohman’s  2009()
 words, illuminating some aspects and obscuring others and, therefore, risking captured by those whose actions are illuminated by the account.

Although the lack of ‘success’ of full cost accounting 
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(Antheaume, 2004; Bebbington, 2007; Bebbington & Gray, 2001; Frame & Cavanagh, 2009; Herbohn, 2005; Xing et al., 2009)
 leads us to believe that it is not black-boxed in general terms, full cost accounting could start to play significant roles in specific contexts, such as the one illustrated by the Spanish railways. Therefore, consistent with the discussion in the previous sections, we would argue that full cost accounting is one area in which accounting research could make a contribution by investigating issues of technical detail and (following the ideas drawn from sustainability science) this would involve recognizing uncertainty and the political nature of full cost accounting and pursuing information quality rather than (impossible) certainty. These ideas are developed in the following paragraphs.

Considering that uncertainty in input information inevitably leads to uncertainty in conclusions, Funtowicz and Ravetz (1994)
 contend that to exhibit more certainty in the results than in the arguments on which they are based is a methodological flaw. In full cost accounting quality will require a methodological respect of the input data and, probably, the communication of all the steps that are taken from the data to any figure or figures derived from them to stakeholders. Information quality in full cost accounting would mean that uncertain and local data would not “be buried  in a mass of hyper-precise arithmetical data, assisted by models involving advanced calculus” Funtowicz & Ravetz, 1994, p. 203()
. This implies that rather than focusing on the generalization of results, the validity of full cost accounts should derive from the quality of information derived from experiments carried out in particular contexts (see also Bebbington, 2007; Frame & Cavanagh, 2009).
Conclusion that can be drawn from the full cost accounting literature related to the political or normative base of the technique, with implementation failures being due to the attachment of actors to different sets of values Bebbington & Gray, 2001(; Herbohn, 2005)
. A sustainable science approach would frame the results of these studies not as failures, but as an illustration of the importance and legitimacy of different value commitments. In this regard, no full cost accounting exercise could claim neutrality. Rather, full cost accounts could be seen as potential  technologies of government that, through the problematization of particular challenges to sustainable development, suggest particular frames for their remediation Miller & Rose, 2008()
. Therefore, such research should investigate how issues of apparent detail, such as the definition of baselines, boundaries, monetization methods or costs (for example, intrinsic environmental values or the human life) are in reality driven by different political stands, with important distributional and sustainability consequences. Continuing with the example of the Spanish Railways, every choice made about how to measure the comparative costs of road transport, from using current railways figures as a baseline to assumptions about modal shifts, involves different combinations of cost, benefits and value commitments by stakeholders, that is, different decision stakes Funtowicz & Ravetz, 1993()
. 

A sustainability science approach to full cost accounting would thus contend that since no particular expertise can deliver certainty to full cost accounts, full cost accounting praxis and research needs to be negotiated and mediated with the different stakeholders (decision stakes reflect conflicting purposes among stakeholders). Knowledge about the technical issues of full cost accounting (involving baselines, boundaries, monetization methods or costs) needs to be co-produced with stakeholders, because only they have an appropriate understanding of the complexities of the situation and the decision stakes. While there is evidence that this sort of thinking exists within the full cost accounting literature, it has yet to self-consciously develop links to sustainability science but see Frame & Brown, 2008()
.
Certificating sustainable consumption and production
While a sustainability science perspective can be used to reflect on existing accounting practices, such an approach also suggests that different subjects may be investigated by accountants, drawing directly from the priorities and perspectives of sustainable development.  The paper now turns to an area of substantive practice that the discipline of accounting is currently absent from.

Sustainable consumption and production is a cross cutting sustainable development theme Spangenberg, 2011()
 that was first identified in the Rio Declaration and Rio Principles United Nations, 1992()
 and which was then reinforced at the Johannesburg Plan of Implementation in 2002. In addition, it has been a key focus of the United Nation’s Division for Sustainable Development for at least a decade.  This theme has the classic characteristics of a sustainable development problem in that it addresses the central activities of all of human society (how we meet our current needs) while recognizing that there are multiple systems of meaning attached to consumption, unequal consumption patterns that have substantive impacts on human flourishing as well as a variety of different production systems each of which will have impacts upon the ecology.  Given the focus on the differing needs of the global ‘north’ and ‘south’ in this context, the principle of common but differentiated responsibilities itself a morally complex principle but one that underpins sustainable development policy at a global level – see Stone, 2004()
 is also central to this agenda (with some countries/societies needing to increase consumption while other groups need to address overconsumption and its effects).  Further, the nature of consumption and production means that many institutional players are involved, some with considerable economic incentives to perpetuate current consumption and production paradigms and others with incentives (but not necessarily power) to create new forms of activity. 
A subset of activity within sustainable consumption and production relates to how certification schemes might provide an evidence base as well as a set of incentives to producers and signals to consumers concerning the sustainable development characteristics of products and processes.  Certification schemes address multiple aspects of activities including the way production impacts on natural resources in areas such as fisheries see, for example, Constance & Bonanno, 2000()
, forests (comprising schemes such as Forestry Stewardship Council and Rainforest Alliance certification) and land resources, including ‘organic’ food production methods Shreck, Getz & Feenstra, 2006()
 and coffee production Raynolds, Murray & Heller, 2007()
.  At the same time, a number of certification schemes focus on social or economic characteristics such as ‘fair trade’ Gandenberger, Garrelts & Wehlau, 2011()
.  Still others cover processes or characteristics of services provided in areas such as tourism Font, 2002()
 and buildings via ‘green’ and ‘sustainable’ building codes  
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(Ding, 2008; Haapio & Viitaniemi, 2008)
.

Deeper questions emerge from the examination of certification schemes, perhaps most interestingly in the area of regulation.  Some argue that in a globalized economy the nation state has less ability to regulate (mainly) corporate activities Constance & Bonanno, 2000()
 and hence certification schemes attempt to provide alternative governance mechanisms that can operate over national borders, often with the active involvement of non-governmental bodies with social and/or ecological concerns and credentials.  Of course, this is a contested terrain and the ramifications of taking a certification approach rather than a regulatory one are the focus of literature in this area 
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(see, for example, Constance & Bonanno, 2000; Lawson, 2011; Raynolds et al., 2007)
.  Moreover, this approach has significant ramifications for how we might understand consumers and their role in shaping the behaviour of businesses Eden, Bear & Walker, 2008()
.

Within the context of certification schemes, the possibilities for developing, scrutinising and evolving auditing, assurance and/or certification techniques
 come to the fore.  It is therefore surprising that with a few exceptions for example, Elad, 2001()
 social and environmental accounting (and accounting for sustainable development) has had little to say about this sort of certification.  There may be many reasons for this lack of literature including a lack of comfort with providing accounts and certification for objects other than entities (a point alluded to by Gray, 2010 and one that is equally problematic in accounting for biodiversity). Alternatively, a lack of knowledge among accounting researchers about the assumed importance of and international focus on these schemes, their existence  and/or their scale, scope and potential ramifications (from a governance perspective) may have inhibited an interest developing.  Conversely, a cursory analysis of literature that does address this area demonstrates the absence of auditing related questions.  Rather, the actual mechanisms of establishing knowledge that would allow certification to be achieved is not addressed as if the audit process appears to attract little attention.  This is surprising as accounting, auditing and reporting activities are exactly those that allow for a “politics on reconnection” Eden et al., 2008, p. 1044()
 and are essential to ensuring that knowledge intermediation happens effectively.

In furthering the thesis of this paper, we would argue that the case of certification of the sort that addresses sustainable consumption and production is a substantive area where accounting academics could usefully draw from wider scholarship and work in partnership with disciplines as diverse as anthropology, philosophy, geography, agriculture, economics, health studies, consumption studies, politics and sociology.  Likewise, extended peer communities that would have an interest in such a transdisciplinary inquiry would include individual producers, consolidators, exporters, certifier bodies, as well as consumers.  Collectively, we might then be able to address the question that Raynolds et al., (2007, p. 148) pose as to “whether certification works to hold the bar, avoiding the erosion of social and environmental conditions, or to raise the bar, improving social and environmental standards” (emphasis in the original).
In summary, this section explored the contention that the tendency in the accounting for sustainable development literature to take on board the pre-occupations of the accounting literature (as well as of social and environmental accounting itself) has inhibited the development of a variety of possible subject areas.  It is likely that a focus on documenting (using content analysis) of social and environmental related disclosures in Annual Reports or other media of a sub-set of economic entities (primarily for profit listed companies) is not fully in line with the demands that sustainability development places on the academy.  This suggests that while pessimism about the actual and potential achievements of accounting for sustainable development is warranted, there are possible solutions that do not require abandoning a commitment to being involved in sustainable development related research agendas entirely.
Concluding comments

Social and environmental accounting emerged as a sub-discipline of accounting in response to concern over the impact organisations have on society and the ecology.  These concerns have come to be described as those emanating from the sustainable development agenda and accounting for sustainable development has gained currency in recent years Unerman et al., 2007()
.  A wide array of other disciplines also seek to address these concerns, drawing (as do accountants) from their own commitments, theories and modes of generating knowledge, doing what Spangenberg (2011)
 calls ‘science for sustainability’.  What Spangenberg (2011)
 calls for, however, is a ‘science of sustainability’, whereby the particular demands for knowledge that can be used in policy and other decision making domains in order to move human society towards sustainable forms of development.  This way of thinking, known as sustainability science after Kates et al., 2001()
, has come to affect how disciplines come together to develop knowledge and define the subjects around which knowledge is to be generated.  In doing this, new approaches have been generated that are transdisciplinary in nature, that involve in scientific processes those that affect and are affected by the outcomes of the application of science in policymaking and that frame the validity of science in the quality of the information provided to extended peer communities, rather than on the search for indisputable facts.  Taken together, these approaches involve a step change in how science (including social science) is conducted, but a necessary change, since it is not likely that sustainability could be achieved by the same mindset that created the modern industrial patterns of unsustainability.

This paper sought to introduce sustainability science to accounting scholars as a way of providing a new avenue for exploration in seeking to make accounting more effective in its aim of contributing to a more sustainable society.  In addition, it is our hope that some of the pessimism expressed (most eloquently by Gray, 2010) can be addressed if one comes to appreciate that approaches exist that explicitly seek to overcome the limitations of our current approaches to knowledge and its application: and if these approaches are adopted.
In particular, we believe that the time has come for environmental accounting to self-consciously engage with the lessons of sustainability science to transform the discipline into a transdisciplinary field of ecological accounting (rather in the same way as ecological economics has done so).  Lessons for how to achieve this exist (but are beyond the scope of this paper to develop - see Gattie, Smith, Tollner & McCutcheon, 2003, who track this journey for ecological engineering()
.  Such a discipline, to quote Müller (2003, p25) would involve, 

“an attitude of openness and of being aware of one’s own normative assumptions, values, motives, potentials and limits and the necessity of a broader approach than the one given by a mode-1 science.  This is not a revolutionary and new insight, but too often we do not act according to it and 
thus it is worth and necessary to mention it again and again”.

In conclusion, it is our contention that we need to,
“nurture a generation of leaders who are capable of appreciating the significance of changes in global, social, and human systems that occur over the extremely long term, and who choose the path of sustainability in implementing policies on the basis of this understanding.  It is particularly crucial that concern with sustainability issues and a desire to act on them be instilled in the generation that comes of age in the mid-twenty-first century, when limits on energy and other resources and the global environment in general are predicted to reach crisis point” Komiyama & Takeuchi, 2006, p. 5()
.

These leaders must include those who are most informed about the possibilities and problems that arise where organisations have to change in response to sustainable development demands and this is where accountants and accounting as a discipline can play an important role in sustainability science investigations.
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� Gray (2010, pp. 52-55) suggests that one might place accounting for sustainable development beyond modernity (and in so doing, draws on post-modernity references).  This is in contrast to the premise of sustainability science which emerged (at least in part) as a reaction to postmodernity (see also Dunlap, 2010 and Redclift, 1999).  It appears to us that sustainability science retains its attachment to modern ways of thinking (albeit that these are reconceptualised).  For example, Fadeeva & Mochizuki (2010) allude to the idea of reflexive modernity (drawing from Beck) and liquid modernity (drawing from Baumann) in their exploration of sustainability science.


� Sustainable development has deliberately not been defined until this point in the paper because, as will become evident, it is not readily definable.  In addition, it is not necessary or desirable to define sustainable development with any great degree of precision.  This is another example of how a sustainability science approach differs from more conventional approaches in both natural and social sciences.


� See also Frame & O’Connor � ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1"><Author>Frame</Author><Year>2011</Year><RecNum>895</RecNum><DisplayText>(2011)</DisplayText><record><rec-number>895</rec-number><foreign-keys><key app="EN" db-id="t2dpar52eexsaaeps0ep2esdt2tx95adz9xa">895</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Frame, Bob</author><author>O’Connor, Martin</author></authors></contributors><titles><title>Integrating valuation and deliberation: the purposes of sustainability assessment</title><secondary-title>Environmental Science &amp;amp; Policy</secondary-title></titles><periodical><full-title>Environmental Science &amp;amp; Policy</full-title></periodical><pages>1-10</pages><volume>14</volume><number>1</number><keywords><keyword>Deliberation</keyword><keyword>Evaluation</keyword><keyword>Monetisation frontier</keyword><keyword>Multi-criteria</keyword><keyword>Post-normal science</keyword><keyword>Sustainability</keyword></keywords><dates><year>2011</year></dates><isbn>1462-9011</isbn><urls><related-urls><url>http://www.sciencedirect.com/science/article/pii/S1462901110001395</url></related-urls></urls><electronic-resource-num>10.1016/j.envsci.2010.10.009</electronic-resource-num></record></Cite></EndNote>�(� HYPERLINK \l "_ENREF_45" \o "Frame, 2011 #895" ��2011�)� who consider these issues in terms of sustainability assessment and suggest that a non-bounded definition of sustainable development could become an open signifier.


�This is a finding that does generate widespread support, despite the relative lack of consensus in the field.


� In support of Thomson (2007), who argues that there is a tendency in this field to look for deliberative difference without rigorous problematization, this fact would suggest that accounting for sustainable development research is scattered and not focusing its attention to its core research questions. 


� It could be argued that the literature on full cost accounting anticipates, for example, the incommensurability problems revealed by critical sociologists in the area of carbon accounting.


� A better understanding of systems science would also help in this task.  For example, it is tempting to argue that if an individual entity is not sustainable then the system within which it sits cannot be sustainable either.  It may be, however, that an organisation might be ecologically unsustainable but may provide services elsewhere in the system that encourages it to be socially sustainable (the provision of health care would be one such example). At the same time, it might be that the ecological unsustainability of an individual organisation (in this example, a health care provider) might be compensated for by other organisations in the system.  The very real problem of where to define systems sustainability means that it is difficult to claim individual organisational unsustainability is always problematic – albeit that it may well be so.


� Interestingly, this literature was ignored by � ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Lohmann</Author><Year>2009</Year><RecNum>718</RecNum><DisplayText>Lohmann (2009)</DisplayText><record><rec-number>718</rec-number><foreign-keys><key app="EN" db-id="t2dpar52eexsaaeps0ep2esdt2tx95adz9xa">718</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Lohmann, Larry</author></authors></contributors><titles><title>Toward a different debate in environmental accounting: The cases of carbon and cost-benefit</title><secondary-title>Accounting, Organizations and Society</secondary-title></titles><periodical><full-title>Accounting, Organizations and Society</full-title></periodical><pages>499-534</pages><volume>34</volume><number>3-4</number><dates><year>2009</year><pub-dates><date>2009/5//</date></pub-dates></dates><urls><related-urls><url>http://www.sciencedirect.com/science/article/B6VCK-4SHN0BK-1/2/5ef41eab5aeb6243748e166a47944ea0 </url></related-urls></urls></record></Cite></EndNote>�� HYPERLINK \l "_ENREF_72" \o "Lohmann, 2009 #718" ��Lohmann (2009�)� in his article about environmental accounting. Rather, he focused on cost benefit analysis.


� These terms are rarely fully defined or distinguished in the existing non-accounting literature on certification.
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