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Figure 1: The Natural Order.
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Abstract

Research Purpose: Environmental issues have become a regular debate within
social, business and political arenas. The need to combine social, environmental
and economic systems to achieve a sustainable future (Triple Bottom Line),
is gaining prominence within many international development projects. The
study of traditional business Environmental Management Systems (EMS) leads
to the observation that such systems place primary emphasis upon economic
and environmental factors. The project begins with the proposal that an EMS
built by an organisations employees’ has a greater potential to identify practical

environmental impacts and reduce social resistance to change.

Methods: This thesis details the development of a seven-stage framework
for environmental change referred to as Socio-Environmental Cohesion for
Sustainability (SECS). The framework is trailled within a case study organisation
(OrgX) using an interpretivist philosophy of social constructionism to guide the
research. An action research project is conducted with the researcher acting as
an observing participant of the change process. The developed framework follows
a multimethodology design of organisational engagement, with strong emphasis
placed upon the social values that can drive environmental management practices.
The combination of cybernetic and social tools of organisational analysis is shown
to provide a unique approach to environmental strategy design; Viable Systems

Model, Team Syntegrity, Cultural Analysis, Social Network Analysis.

Results: The Cultural and Social Network Analyses provide evidence of an informal
environmental network (EWG) contained within OrgX, and identify the core social
environmental values of the employee group. A Team Syntegrity workshop is

performed and develops a bottom-up participatory approach to environmental



strategy designs between the EWG and business management. Following the
workshop, OrgX is shown to implement 56% of the developed environmental
strategy within eight months. The Viable Systems Model is used to diagnose the
organisations structure, which is then combined with the Social Network Analysis

to establish the outreach of the EWG.

Conclusions: The recognition of the informal environmental network as an official
management committee, improvements to operational efficiency and practical
benefits to onsite biodiversity, indicates that the SECS framework is capable of

addressing all aspects of the Triple Bottom Line.
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Chapter 1

Introduction

This thesis details the development of a seven stage model for environmental
change within a higher education establishment. Using the principles of systems
thinking the work focuses upon generating a holistic strategy for change within an
organisation. Autonomy, capacity building and organisational viability are used as
core drivers to the change processes. This chapter introduces the background to the

work and summarises the layout of the thesis.

The conceptual basis for this thesis is that of a systems approach, where
organisations (governments, businesses, societies, individuals) are seen to require
holistic management in order to perform optimally with external environments.
The use of a systems approach within the developed model for environmental change
provides a context in which all aspects of the Triple Bottom Line are accounted for

in future design strategies; economic, social and environmental factors.

Environmental management is a relatively modern business concept that is being
adopted by many organisations, typically within the generic area of Corporate
Social Responsibility (CSR). Within businesses CSR initiatives are often adopted
to satisfy public pressure for organisational accountability for their actions, and to

gain a degree of social goodwill (Bhattacharyya et al., 2008). With media attention



bringing environmental issues to the fore of public debate, the majority of people
within the UK have formed an opinion of the topic, ranging from committed eco-

activism to avid disinterest.

Many individuals tend to pick and choose which ‘environmental interests’ they
support, dependent upon the degree of self-advantage inherent with the activity
(Gérling et al., 2003). As a result the UK is presently within a transition period
where the typical citizen is prepared to partake in easy environmental activities, as
long as there is a tangible reward for doing so; referred to as a ‘value-action’ gap

(Barr, 2004) or the limits of ‘willingness to pay’ (MacKerron et al., 2009).

Environmental monitoring is essential to the preservation of the natural world in
a state that is comfortably habitable (clean air) and provides adequate sustenance
(clean water) for future generations. The dependence of humans upon the natural
world is highly intricate, with the earth providing all aspects of our basic needs
for survival (food, shelter, ozone) and it is pivotal that it remains in a state that

supports human physiology (Lovelock, 2006).

Human impact upon the environment is inevitable as we are a part of the natural
world system. This has resulted in our actions causing instability to natural food
cycles, biodiversity and the abundance of natural resources (Folke et al., 2002;
Rooney et al., 2006). To clarify, the context of this research is not to suggest that
human activity should quickly diminish in order to protect the natural environment,
but to advocate systemic monitoring of human activity to minimise environmental

degradation.

The attainment of environmental accreditations such as the Fair-trade, Ecolabel or
Forest Stewardship Council, provide consumers with a clear visual representation of
an organisations ethical focus. Such standards register the management standards
of specific products/services (EP, 2009; FSC, 2009), but do not in fact reflect the

environmental standard of all organisational activities. The international standards



ISO 14000 (BSI, 2004b) and EMAS (EC, 2001b) are renowned Environmental
Management Systems (EMS), that are used to certify that an organisation is
monitoring its environmental impacts and has sufficient monitoring procedures to

maintain clear records of performance.

To both consumers and businesses these accreditations demonstrate the clear
commitment of an organisation to minimise the environmental impact of its
operations, products and services. The broad range of accreditation schemes
(UoCambridge, 2006), complex scientific studies (IPPC, 2007), conflicting
terminologies (Norgaard, 1992) and media scaremongering (Pearce, 2010) can
cause confusion to organisations and individuals that are attempting to understand
the importance and meaning of principles such as sustainable development. Most
news sources now have a dedicated environmental section but the abundance of
articles that refute scientific analyses of climate change (DailyMail, 2007; McCarthy,
2010), make it difficult for the general public to both trust and completely grasp

the relevance of the topic.

The contradiction between academic and media publications tend to act as
ammunition for eco-activists and their opposition, each taking any new research that
support their assertions and using it to start a fresh debate about the topic. This can
be counterproductive as the community does not move past the debate arena, with
non-believers making small concessions and pursuing easy environmental activities,
much to the dislike of eco-activists who feel that anything less than full commitment

is worthless.

With regards to environmental management the research will explore the potential
benefits of using more holistic perspectives of accountability and responsibility of
human action; for example, government development of environmental legislation
(Ross, 2008), use of best practical environmental options (OPSI, 1999), business
CSR (Alexander and Smaje, 2008), consumer choice of eco-products/services (ES,

2010). With regards to sustainable action, responsibility and accountability can be



difficult to establish when much of society depends upon unsustainable resources

e.g. oil (Mason, 2005).

Further to this, it can also be a personal disadvantage to accept responsibility and
alter behaviour to minimise environmental impacts, if the majority of our neighbours
refuse to alter their behaviour in turn (Cannibal and Winnard, 2001). Presently,
international efforts are being made to develop a united global effort to effectively
monitor and reduce environmental degradation; for example, the Kyoto Protocol
(UN, 1998) and UN Climate Change Conference 2009 (UNFCCC, 2009). The
continued difficulty of international efforts for a consensus on environmental value
and action stems from the necessity to instigate mutually cooperative behaviour

with neighbour nations.

Reciprocity within international efforts is inherently complex as there are large
discrepancies in the standards of living between different countries (UNDP, 2007),
and cooperative action requires trust and fair distribution of benefits and trade-offs
(Ostrom, 2003). Cooperative action can be difficult to maintain as economic, social
and environmental resources are valued differently by social groups, and presently
financial resources are the dominating variable. With regards to businesses that
are primarily focused upon financial procurement, it is intriguing as to why some
choose to adopt a mixture of social and environmental activities, whilst others opt

to pursue neither activity (Evangelinos and Halkos, 2002).

One purpose of this project is to understand the role of social norms (Cialdini, 2003),
systems thinking (Jackson, 2003) and social networking (Buck and Endenburg,
2006) in the development and continued use of environmental activities within
businesses. Continued use referring to the active involvement of staff to maintain
environmental standards e.g not become bored with the new recycling system and
forget to segregate personal waste. With the intention that by understanding social
opinion towards environmental activities an organisation will be able to develop

activities in line with social interest, simultaneously improving employee goodwill



and system efficiency. Social interest can often be seen within informal networking,
and it is through such networks that innovative approaches to organisational

strategies are found (Granovetter, 1983).

Business management participation with employee social networks provides access
to ‘hands-on’ knowledge and experience of operating procedures; with the potential
to access local environmental knowledge (Marshall, 2008). Grassroots social action
is gaining momentum in many countries with local communities starting to self-
organise their actions for a sustainable future (Seyfang and Smith, 2007). Such
groups are starting to demand energy efficient technologies (Scott, 2009), organic
and local food produce, and the development of eco-villages and transition towns

(Walsh, 2007).

The development of legislation regarding animal rights (OPSI, 2009a), sites of
specific scientific interest (OPSI, 2002), water and countryside protection (OPSI,
2003), demonstrates the growth of society into a more ethically-conscious system.
The continued presence of environmental lobbyists such as the WWEF, Friends of
the Earth and Greenpeace are also clear indicators of continued social pressure for
international policy development (Mazey and Richardson, 2005). The concept of
combining social norms, environmental issues and the complete business workforce
to produce a holistic environmental management system will be the core focus of

the research (Knowles and Espinosa, 2009).

This project aims to establish methods by which to successfully engage a business,
and the employee community, in an environmental transition. It is intended that the
change will be gradual and a somewhat subconscious process, focusing specifically
upon developing initial ‘easy’ alterations in line with both the employee/social
and business/structural needs (Olli et al., 2001). Specifically, this project focuses
upon developing an EMS that is not based upon generalised areas of best practice,

but rather upon an environmental strategy designed for the business by its own



employees, who will inherently support the new procedures more effectively as it is

their own creation.

The development of such an EMS is dependent upon there being some form of ethical
conscience within an organisation and/or community, in relation to environmental
value and conservation (Brans, 2002). Efforts to minimise the environmental impact
of human activity can be met with questions such as ‘What is the practical social,
environmental and financial benefit to myself, and society, from adopting a more

environmentally-friendly lifestyle?’.

At the present time it is difficult to define the precise local impacts that humans have
upon the environment, or establish the exact benefits of both short-term and long-
term environmental activities. Similar confusion is found when trying to establish
whether global warming and climate change are the result of human activity, a
natural evolution of the earth or a combination of the two (Hulme et al., 1999;
Whitmarsh, 2009). However it can be considered that regardless of whether these
environmental changes are a natural evolution or not, humans can take efforts to

reduce the acceleration of these changes.

In many ways, the natural world is presently too complicated for humans to
understand the holistic interconnectivity of its component parts. In order for
a system to function effectively it is essential that the embedded components
communicate with one another, to ensure that the whole system is working towards
the same goal and each sub-system is performing a specific activity to reach the
desired result (Beer, 1981). Ideal forms of interaction are often visible within
the natural world and when studied can lead to exemplary examples of optimised
methods and networks of communication e.g. bee and ant colonies (Capra, 1997;

Detrain and Deneubourg, 2006).

With regards to EMS and sustainable development, communication is a key aspect

of understanding social drivers to environmental change and the dissemination of



consistent information to businesses, communities and individuals. Sustainable
development is often categorised into economic, social and environmental variables
(the Triple Bottom Line (TBL)) (Midgley and Reynolds, 2001). Using the approach
of Systems Thinking these three elements of sustainable development are seen to be
intertwined, inseparable, with any projects designed to influence any aspect of the

TBL directly impacting upon the other two areas.

For example, a project for sustainable food production will have ramifications to
production costs (economic), agricultural planning (environment) and end-product
costs (social). This form of holistic overview can be difficult to comprehend
within real-world situations, as the domino-effect of causal interactions can seem
somewhat insurmountable. This research combines the economic, social and
environmental factors of sustainable development specifically within the business
domain. This defined boundary enables the analysis of social norms (social variable)
and their influence upon environmental management (environmental variable)

within a business system (economic variable).

The project focuses upon the development of an environmental framework
for change that accesses social networks to instigate bottom-up strategies for
environmental management within a business. The thesis presents the findings
of implementing the researcher’s framework within a real-world business and closes

with recommendations for future applications of the research.

1.1 Thesis Structure

Chapter 2 Literature Review

The literature review presents the justification of the research through the study
of current knowledge within the area of environmental management and the

identification of current developments within the field; such as the significance of



social learning (Blackmore, 2010). The chapter begins with an introduction to
sustainable development and a broad overview of present international, national
and individual-person arguments to support either pro or anti environmental
movements. Sustainable development is described as a strategic game that is
dependent upon social decisions to cooperate or defect from normative group

behaviours.

The review then progresses to understand the role of ethical business practices
within sustainable development. The traditional business approaches to
environmental management (ISO 14000 and EMAS) are analysed to establish
the advantages and disadvantages of the systems’ structure. Such management
systems focus upon minimising the environmental impacts of a business where
practicable, but continue to put the business interests before environmental values.
Scientific approaches to environmental management (natural resource management,
etc) are also analysed to understand the processes by which to produce effective

environmental benefits.

These systems place a greater value upon the natural environment, seek methods
to reduce the impact of all human activity within the environment, and aim
to create a more symbiotic relationship between human and environmental
interactions.  Natural forms of environmental management (ecosystem self-
regulation) are analysed in order to understand how natural systems are able
to sustain themselves. The presence of feedback loops and emergence of self-
organisation within natural systems are then considered to be vital contributors

to the development of social environmental activities.

The tendency to cooperate with other social actors leads to reciprocal interactions
between different social groups, and defines the ability for multiple cultures and
societies to work together effectively. This leads to the discussion of the role of social
norms within the adoption of environmental activities, comparing the influence of

traditional Eastern and Western philosophies in reference to social values of the



natural world. The dependence of sustainable development upon both social norms

and environmentally-accountable methods of organisational practices is explored.

In order to understand the complex interaction of humans and the natural
world, the interconnections and commonalities between the two domains are
analysed. The chapter then introduces the concept of organisational cybernetics
as a potential method to effectively grasp the holistic perspective of sustainable
development, natural environment and social norms. The role of self-organisation
and informal networking as indicators and mechanisms to combine social norms into
organisational practices is explored. The chapter closes with the identification of

the research questions, aims and objectives developed from the literature review.

Chapter 3 Research Approaches

Multiple research philosophies are presented and analysed, to determine the most
useful approach to the research based upon the findings of the literature review.
The use of interpretivism, phenomenologist ontology and social constructionism are
chosen for the research to effectively accommodate the strong social context of the
study; pragmatism is also used in a supportive function. The chosen philosophical
approaches focus upon social perceptions of reality and the values that drive social

action.

Social constructionism holds the deeper assertion that any form of organisation
(community, business, government) is a social construct and is therefore inherently
laden with cultural values and normative behaviours. To complement the adoption
of an involved axiology an ethnographic approach to the study is pursued, using
a specific organisation of study for an extended period of time with the researcher
acting as an ‘observing participant’. The project is primarily concerned with a
subjective understanding of the case study organisation, focusing upon engaging
social perceptions of environmental value and transferring these values into business

operations.



The researcher acts as a facilitator of change within the organisation by providing a
supportive function to employee-directed project developments, whilst deliberately
refraining from imposing personal perceptions of best practices. A triangulation of
research methods is chosen with qualitative research seen as the primary source of
data collection, and quantitative data being used primarily to validate qualitative
analyses. The project combines theory, action research and the researcher’s
framework for social and environmental development. Data collection tools include
observations from action research, interviews, questionnaires, rich picture analyses

and business workshops.

The ethical implications of the research are explored and related to typical
issues with case study anonymity, respect of participants’ opinions and researcher
subjectivity. Due to the ethnographic nature of the research it is inevitable that the
researcher will have some form of impact upon the organisation that is being studied,
and vice versa. The strengths and weaknesses of the chosen research approaches

are discussed with the core contexts of research reliability and validity.

The chapter closes with the brief identification of conceptual methodologies that
are to be used to conduct the action research within the case study organisation.
The tools are then placed within a multimethodology table to demonstrate the
combination of the methods to address the social, personal and material world. The
chosen methods of organisational engagement are designed to create a framework
for change that can be adapted to different organisations. Each method that is
chosen for the framework focuses upon developing environmental activities in line

with social needs and ‘wants’.

Chapter 4 Conceptual Framework

Within the fourth chapter the conceptual theories that underpin the
multimethodological approach to the research are presented. The use of systems

thinking and cybernetics are defined as the dominating principles throughout the
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study. Cybernetics is chosen as the leading systems approach as it is inherently
suited to analyse and develop the necessary communication channels, both
formal and informal/social, to holistically disseminate environmental information
throughout the organisation. The Viable Systems Model (VSM) is chosen
to establish the case study organisations purposeful activities, administrative

functions, internal and external analyses, and authority systems.

Cultural analysis is determined to provide an insight into current social normative
behaviours and identify present levels of value attribution placed upon the natural
environment. Following the earlier identification of environmental dependence upon
social action, Social Network Analysis (SNA) and Team Syntegrity (TS) approaches
are chosen as methods to engage the case study organisation. SNA is identified as
a tool to access the informal environmental network within the organisation and

diagnose the state of the official communication structure.

Social networks are determined to be a source of innovation in which individuals
with like interests (but different social positions and status) interact. TS is chosen
as the tool to develop practical business strategies for change, with the intention of
a broad representation of organisational employees attending a specifically designed
workshop. The use of the TS protocol provides a bottom-up participatory approach

to environmental strategy design that is developed solely by employees.

To progress the theoretical background of the research this chapter closes with
the presentation of the framework for change to be used within the case study
organisation. A seven stage process of environmental transition is defined, with the
core concepts of cultural engagement and enhanced communication structures as
key drivers to effective change processes. The framework is defined as a cyclical
learning process in which each method of organisational engagement supports and

strengthens observational analyses.
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The structure of the framework is designed to initially engage social groups and their
values, leading to the development of strategies for practical environmental benefits,
culminating in the establishment of operational changes to support a self-regulatory

environmental management system.

Chapter 5 Case Study

The application of the developed environmental framework for change within the
case study organisation is discussed throughout this chapter; Socio-Environmental
Cohesion for Sustainability (SECS). Each stage of the framework is thoroughly
analysed with relation to the efficiency of the technique in reaching the initial goal
of its application, and the response of the organisation to the adopted processes.
The chapter begins with a brief introduction of the events that led to the researcher

becoming engaged with the case study organisation.

The first two stages of SECS provide cultural, social and networking analyses that
are used to determine the most effective avenues of community engagement within
the change process. The ability to tailor organisational engagement to promote
the combination of environmental activity into present social norms is seen as a
pivotal goal of these initial stages. The third and fourth stages of SECS detail the
combined focus of community engagement, participative decision making, normative

behaviours and environmental strategy development.

The use of the TS workshop is shown to develop a future environmental strategic
plan that has been designed by employees, for employees. Employee design of
future strategies generates a sense of empowerment, accesses innovative strategies,
identifies real-world issues and also results in lower resistance to change. The validity
of the developed framework for change is strongly embedded within stage four, with

the value of using bottom-up strategies for organisational change fully tested.

It is at this stage that the employee designed environmental action plan will be

implemented, and the breadth at which these strategies are adopted will determine if
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successful organisational engagement has occurred. The fifth stage of SECS provides
a brief VSM diagnosis of the system in focus. The analysis of levels of recursive
viability within the business, are combined with the SNA diagrams to produce a

map of the organisational position of the environmental action group.

Within stage six a new Environmental Management System (EMS) structure is
developed in which organisations gain accreditation based upon a scoring system of
practical environmental action. EMS scoring is based upon operational adaptations,
development of environmental building facilities and social awareness training.
Following the strong presence of social values and behaviour throughout the project,
the EMS is designed so that higher accreditation levels can only be achieved through

continued social engagement activities.

The framework concludes with the establishment of mechanisms by which to allow
the self-regulation of the EMS, through the use of early response systems that
alert any discrepancies in business, social or environmental monitors. The chapter

summarises with a brief recap of each stage of the SECS framework.

Chapter 6 Conclusion

The thesis concludes with the determination of how SECS has satisfied the original
aims and objectives of the research. The researcher’s opinions as to the advantages
of using the framework for change as a whole, and the general experience of acting as
an observing-participant are provided. A critical analysis of using systems thinking
and social analyses within a multimethodology approach to support environmental

change processes is presented.

The tools used within each stage of the developed framework are analysed
and improvements for their future use suggested. Further developments and
improvements to the research are suggested, alongside specific recommendations

for the case study organisation in continuing its environmental efforts.
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References and Appendices

The thesis closes with a complete glossary of terms and reference list. Appendices
are included to provide additional social network analyses, rich picture analyses and
interview summaries that were not included within the main text of the thesis but
still offer a valuable set of data. A complete record of the employee involvement

and design of the TS workshop is provided.

An environmental audit of the case study organisation is conducted using the new
EMS structure to demonstrate the scoring and accreditation system. The practical
environmental changes implemented within the case study organisation during the

project are summarised against an initial baseline audit.

This chapter has provided an initial overview of the background to the research topic
and defined the structure of the thesis. The following chapter provides a review of
literature pertaining to social and environmental action, sustainable development,
organisational behaviour and systems thinking. The research questions, aims and
objectives are presented at the end of the chapter to define a clear focus for the

research project.
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Chapter 2

Literature Review

This chapter defines the current knowledge and practical activities pursued in the
name of sustainable development and environmental management. Initial focus
is placed upon debates surrounding the validity of environmental action with
regard to both scientific evidence and social normative behaviour. Traditional
Environmental Management Systems (EMS) are analysed to determine the benefits
and disadvantages of applying generic methodologies within UK organisations.
Business and scientific examples of EMS are then compared and a more holistic
context for EMS presented using the concept of systems thinking. The implication
of sustainable development, social norms and informal networking upon business
practices is explored. The interdependence of social normative behaviour and
environmental action is analysed with reference to the causal relationships of

interaction between humans and the natural world.

2.1 The Environmental Debate

Sustainable Development (SD) was originally pioneered by Reverend Thomas

Malthus towards the end of the 16th Century, who took the view that a sustainable
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society was not possible with limited agricultural capacity and an exponential
growth in population (Malthus, 1798); Malthus viewed the concept of charity (social
welfare) as a perpetuate of high fertility rates in the lower classes. Malthus’ view of
the ‘poor’ as a detriment to sustainability of the population as a whole was mirrored
by Daily and Ehrlich’s (1996) assertion that lower classes have higher fertility rates;
as seen in fertility studies comparing Western societies and developing countries

(Sugawar, 2010).

The basic concept underlying this perspective of sustainability was based upon the
assumption that the consumption patterns of lower income families (with inherently
larger family sizes), results in shortages of natural resources. However it is suggested
that within terms of environmental preservation in modern society, the rich are
equally responsible for the depletion of natural resources (IPPC, 2007); with lower
incomes focused upon survival-consumption and higher incomes with material-
consumption. This concept of a broader social responsibility is more allied with
Marxist theory of communism, where equality of the populace is the priority of the

social system (Marx and Engels, 1848).

With regards to sustainable development this goal of collective social equality is
problematic with different nations able to input different aspects of economic, social
and environmental resources; with economic resources presently awarded the highest
value (Harrison, 2007). Even so, sustainable development does require a global unity
of human responsibility to preserve the natural world (Hardin, 1968), as there is a

finite limit of natural resources for the entire global population to share.

Further to this there is limited environmental benefit that can be sought from one
select nation becoming carbon-neutral (e.g. Vatican City (Wenski, 2009)) if all other
countries continue to pollute the same atmosphere. As such it is desirable that all
nations make an effort to adopt sustainable mindsets, cooperate with international
projects for sustainability, and attempt to preserve the natural environment within

their political borders. A key developer of conservation strategies within the
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United States was Gifford Pinchot who focused his career upon effective forestry

management eventually gaining government support for his projects.

This resulted in the establishment of National Forestry policies to benefit both local
communities and corporate bodies in natural resource management (Pinchot, 1910).
According to Sierra Club (1999) Pinchot was often criticised by John Muir, a founder
of the Sierra Club and core driver to the establishment of numerous national parks
e.g. Yosemite, who believed that natural environments should not be subjected to
any form of commercial exploitation. Both of these individuals can be seen to have
made significant achievements in the development of environmental activities and
it is arguable that they both represented two vital perspectives of environmental

ethos: anthropocentric and ecocentric (Schultz et al., 2000).

SD is a merger of both human (anthropocentric) and environmental (ecocentric)
needs, combining the mutual interdependence of humans and the natural world
within sustainability practices. Rachel Carson’s ‘Silent Spring’ (Carson, 1962) is
often heralded as one of the iconic publications in Western society, that brought
environmental concerns to the forefront of global social debates. Carson described
the dramatic effects caused by pesticides and other chemical usage upon the natural
environment, and how this is transferred to humans; through close proximity to

industrial air pollution and the digestion of common food and water sources.

This book formed a kind of merger between the anthropocentric and ecocentric
doctrines, providing an initial demonstration of the circular causality embedded
within human interactions with the natural world. In 1972 the first international
conference was held by the United Nations to confront growing concerns that the
human environment was deteriorating (UNEP, 1972). At the same time Curita
(Brazil) began its development into a sustainable city, that by 1992 had a public
transport system which operated between 0.2-1.8% costs of an underground metro

system (Rabinovitch, 1992).
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In the same year the Club of Rome published the influential book, ‘The Limits
to Growth’, detailing the work of Jay Forrester, Donella Meadows and colleagues
within the field of sustainability (Meadows et al., 1972). The book focused upon
the realisation that human economic growth is not sustainable within a world of
finite resources. Meadows (2007) found the concepts presented by Forrester as
a clear influence in her understanding of sustainability and summarises his early

discussions as:

“Our only option is to choose our own limits, or let nature choose them

for us” (Meadows, 2007, p.193).

Meadows (1999) identifies ‘growth’ as a leverage point within economic systems that
is governed by the somewhat simple rule: for every benefit (wealth) there is a cost
(poverty) somewhere else in the system. Meadows used computer models to simulate
the sustainability of social systems dependent upon different parameters of growth
(economic, population size, resource and ecological limits). The conclusion of the
models was the determination that the effective management of a system requires
thorough social policy developments (Meadows and Robinson, 2002; Seville et al.,

2001), to enable learning and transformation within the system.

In 1979 James Lovelock published his book ‘Gaia: A New Look at Life on Earth’,
presenting his theory of Gaia: the concept that the Earth and all living systems
on it are part of one large superorganism. Gaia proposes that “the total ensemble
of living systems in the biosphere can act as a single entity to regulate chemical
composition, surface pH and possibly also climate” Lovelock and Margulis (1974,
p.3). This regulation has been likened to the process of internal regulation within the
human body, where organs (individual components) react and support one another

to maintain stability within the whole system (Levine, 1993).

Similar to Meadows, Lovelock produced a model of the Earth called ‘Daisyworld’ in

an attempt to “observe the circulation of air, the oceans, and the rocks” (Lovelock,
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1995, p.42). The Daisyworld simulation was used to demonstrate that a planet
naturally self-regulates (adapts) its climate and ecosystem in order to survive, by
reaching a homeostasis (stability) between all elements within the system (Lenton
and Lovelock, 2001; Watson and Lovelock, 1983). In order to reach this stability the
Earth may undergo either subtle (global warming) or dramatic (volcanic eruptions,

tsunamis) changes.

Lenton and Lovelock (2001) present Daisyworld as a demonstration of Darwinian
concepts of natural selection; with the development of ecosystems that complement
climate conditions, with fluctuations in the climate leading to the competition
of species adaptability. Lenton (1998) has provided additional support to the
Gaia theory by producing more complex models of the Daisyworld experiments,
demonstrating that self-regulation naturally occurs to favour specific environmental
mutations and does not require conscious planning. Lapenis (2002) presents a
similar theory to Gaia developed within Russia during the 19th century called

biogeochemical selection.

This would suggest that natural selection favours those organisms that are capable
of contributing to global recycling systems. For example, an organism will survive
if it consumes the waste of another animal, and produces by-products that are
usable by other species. Kirchner (2002) criticised the Gaia theory of homeostasis
as too ambitious, with the argument that organisms cannot alter the environment to
make it more habitable. Barlow and Volk (1990) uses Bertalanffy’s thermodynamics

(energy flow of living systems) to refute the notion of Gaia as a living entity.

Lovelock (2003) responded to such criticisms as a result of reductionist thinking that
has dominated science, with the focus of studying small/narrow phenomena before
looking at the whole picture; removing the ability to see the world as one large
complex system. This would suggest that a Gaia-based approach requires the view
of the Earth as one large system of interrelated components; a holistic perspective

(Ulrich, 1993). However, critics of 