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ABSTRACT 

 

The application of reductionism, breaking down problems to simpler components 

that can be solved and then aggregating the results, is one of the bases of classical 

science. However, living organisms, ecosystems, social and economic structures are 

complex systems, characterised by non-linear interactions between their elements 

and exhibit emergent properties that are not directly traceable to their components. 

Sustainability assessment frameworks oversimplify system interactions, achieving 

limited predictive capacity and causing managerial behavior that may reduce 

system’s ability to adapt to external disturbance. Intrigued by the importance of 

complexity, we explore the central theme of how complex thinking can influence the 

understanding and progress towards sustainability. The purpose is to conceptualize 

the relationship of key terms (such as sustainability, functionality and resilience), 

and consecutively develop new or adjust existing sustainability frameworks to take 

into account complex systems interactions. We aim at developing theory and 

frameworks that can be used to raise awareness of the pitfalls of the growth 

paradigm and direct towards modest positions when managing complex systems. We 

seek to define the structural elements that influence system adaptive capacity, 

allowing identification of early signs of system rigidity or vulnerability and the 

development of knowledge and techniques that can improve our predictive and 

managerial ability. The focus has been on a variety of system scales and dynamics. 

At the collective community level, a number of stakeholder engagement 

practices and frameworks are currently available. However, there is limited 

awareness of the complexity challenges among stakeholders, who are commonly 

directed to a triple bottom line analysis aiming at maximizing a combination of 

outputs. An attempt is conducted to measure the functionality of the processes 

underlying a standing stock, in contrast to sustainability measures that only assess 

the variations of the standing stock itself. We develop the Index of Sustainable 

Functionality (ISF), a framework for the assessment of complex systems interactions 

within a large-scale geographic domain and apply it to the State of Western 

Australia. The ISF is a tool for instigating dialogue and raising stakeholder 

awareness of system complexity, process functions and the inefficiency of potential 
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based management methods. It remains however a linear indicator in its aggregate 

form and as such does not provide a clear indication of overall system’s 

vulnerability and is characterised by limited predictive capacity. 

Acknowledging that the ISF is still a linear interpretation of system 

dynamics, we direct our attention to the critical concept of complex systems 

resilience to overcome this limitation. We focus on the corporate complex system 

and develop a novel theoretical approach to integrating corporate sustainability and 

resilience in management. The Sustainability-Resilience (S-R) Architecture 

framework interprets and predicts the condition of the complex corporate system, 

identifies early signs of rigidity and directs strategic action towards achieving timely 

transformations at smaller scales to avoid large scale system collapse. An application 

to the Ford Motor Company case allows for hypothesis testing and the development 

of theoretical propositions for further research. 

Finally, we focus on smaller systems scales and develop a methodology for 

the calculation of Product Ecological Footprint (PEF) including elements from the 

accounting method of activity based costing. We calculate PEF for three apple 

production systems and identify significant differences from first stage calculations 

within the same industry. Cross-industry application will provide a practical way to 

link individuals’ consumption with their ecological impact, reduce misperceptions of 

products’ ecological impacts and develop a market-driven approach to internalizing 

environmental externalities. At the firm level PEF can be compared with investment 

costs, resulting in the opportunity to optimize both functions of financial cost and 

ecological impact in decision making. 

We have developed methods for incorporating complexity in sustainability 

assessment frameworks. Further work is required in testing and validating these 

methodologies at multiple system scales and conditions. Integrating such tools in 

decision making mechanisms will enhance long-term management of socio-

ecological systems performance. 
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PREFACE 

 

Education and the pursuit of continuous self improvement has always been an 

important part of my life. My parents had instilled both in myself and my sister the 

importance of knowledge and education from very early on. They were both 

descendants of Greeks from Asia Minor that were forced to migrate to mainland 

Greece leaving back almost everything in the early 1900’s. So it was deeply 

engrained in them that in life all material things can come and go. As they used to 

say there is only one thing that no-one can take away from you, and this is your 

education. It is the only investment you make in life that will certainly belong to you 

forever. There was great effort put in our education and as a result I developed a 

love for mathematics and more specifically an interest in applied problems, which 

led me to become an engineer.  

 

Five years in the Aristotle University of Thessaloniki (in Greece) went by very 

quickly. I was at the same time working part time in my father’s engineering 

company mostly on total quality and project management, became a qualified 

internal quality auditor and a qualified trainee external auditor (ISO 9000:2000), and 

during the last year of Uni completed an MBA at the American College of 

Thessaloniki. It was a very busy and enjoyable part of my life and upon completion I 

had already been accepted for my PhD and offered a very good scholarship at UWA 

in Western Australia. I graduated from both institutions in July 2004, achieving the 

greatest graduation mark in my engineering school in the last 15 years, and started 

my PhD in WA at the end of the same month. There was never a question as to 

whether I would enrol in a postgraduate program. My parents had both the desire 

and academic ability to follow that path themselves, but their circumstances at the 

time did not allow them to pursue this path. They were therefore determined to 

provide us with the opportunity to follow this path if we wanted to.  

 

I look back at these four years since July 2004 and realize that it has been a 

transformational time in my life. The most challenging part was moving from the 

engineering and management mentality of design, setting goals, planning and 
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delivering the outcomes to a much more flexible process of enquiry. At the early 

times I faced difficulties that I had never faced in my academic experience before. I 

even questioned my ability to adjust to these new requirements, realizing that a very 

good student that has excelled at problem solving is not necessarily going to make a 

good researcher. It takes a completely different set of skills to move from answering 

questions based on established knowledge to being able to drive new lines of 

enquiry and create knowledge yourself. Overall it has been an extremely satisfying 

process, whereby I believe I have managed to combine my multidisciplinary skills of 

engineering and management, pushing my limits and discovering new abilities, 

aiming at a challenging crosspollination between scientific fields. I am not the one to 

judge the quality of the outcome of my work. I can only hope that the reader will 

find it an interesting and worthwhile experience. 

 

Finding myself at the end of this challenging, but at the same time extremely 

enjoyable process I have come to appreciate two things. Firstly that when you think 

you have reached the end, you very shortly find yourself realizing that you are only 

at the beginning. And although this applies to the various cycles of one’s life, it also 

applies to research, sometimes in the most fascinating ways. The extraordinary thing 

about innovation is that you may think you have lost everything - or just have not 

found anything, when this is exactly the time right before every little piece of 

knowledge and information falls into place and the idea finally takes full form and 

substance. Secondly, I have come to acknowledge that the parameter of coincidence, 

call it chance or fate (or some people actually call it faith), manifests itself and 

changes the course of our life, both personally and professionally. In my case this 

has happened more than once by making a few acquaintances that have been 

imperative to my transformation from a student to a researcher and to the evolution 

of my research, my professional status, but also my personal circumstances. 
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CHAPTER 1. 

INTRODUCTION 
 
 
 
 

“Everything should be made as simple as possible, but not simpler” 

Albert Einstein 



2 | I n t r o d u c t i o n  

 

 

1.1 Introduction and scope 

In ancient Greek tragedy heroes with great skills, such as Odysseus, Achilles or 

Oedipus would commonly become overconfident in their own success and abilities 

and defy the god-made rules or disregard the fact that only gods had absolute power. 

This phenomenon was called hubris and the result was great suffering or even total 

destruction for the earth-born. Today, almost 2,500 years after Aeschylus, Sophocles 

and Euripides, humans still overestimate their ability to control complex socio-

ecological systems1, commonly leading to various degrees of system collapse or 

underperformance.  

 

The application of reductionism, breaking down problems to simpler components 

that can be solved and then aggregating the results, is one of the bases of classical 

science. In the 1980’s and 1990’s it became evident however that the application of 

reductionism in socio-ecological systems could lead to “severe misperceptions and 

indeed policy failures” (Costanza et al., 1993). Living organisms, ecosystems, social 

and economic structures are characterised by significant, non-linear interactions 

between the system parts and exhibit emergent properties that are not directly 

traceable to the system's components. As Anderson advocates, as early as in 1972, 

the reductionist hypothesis does not imply a “constructionist” one, as “the ability to 

reduce everything to simple fundamental laws does not imply the ability to start 

from those laws and reconstruct the universe”. Scale and complexity result in the 

emergence of new properties, such as unpredictability, discontinuity and surprise 

that require “fundamental research” (Anderson, 1972). 

 

The literature on complexity is enormous, and there are several distinct approaches 

to the concept that actually constitute a number of distinct scientific fields. This 
                                                 
1For a definition of systems we refer the reader to Costanza et al. (1993): 
-“Systems are groups of interacting, interdependent parts linked together by exchanges of energy, 

matter, and information.”  
For a definition of complex systems we refer the reader to the following: 
-“A complex system i) consists of a network of interacting agents (processes, elements); ii) exhibits a 

dynamic, aggregate behavior that emerges from the individual behavior of the agents; and iii) its 

aggregate behavior can be described without a detailed knowledge of the behavior of the individual 

agents.” (Holland and Miller, 1991) 
-“Complex systems are characterized by strong (usually nonlinear) interactions between the parts, 

complex feedback loops that make it difficult to distinguish cause from effect, and significant time and 

space lags, discontinuities, thresholds, and limits.” (Costanza et al., 1993) 
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includes mathematical and computing science approaches such as computational and 

algorithmic complexity theories, initially developed in the 1960s with the important 

contributions by Kolmogorov, Solomonoff and Chaitin (Solomonoff, 1964a; 1964b; 

Kolomogorov, 1965; Chaitin, 1966). Another approach is from the point of view of 

physical sciences, leading to complexity and dissipative systems theory, which 

studies complex, sometimes chaotic, structures where interacting particles exhibit 

long range correlations. Simple examples of such phenomena include convection, 

cyclones and hurricanes. Prigogine pioneered research in the field and won the 

Nobel Prize in Chemistry in 1977. (see e.g. Prigogine, 1980). Philosophical 

approaches to complexity such as Morin’s approach can also be mentioned (see e.g. 

Morin, 1974). Finally, originating from the field of ecology, the theory of complex 

adaptive systems and of adaptive cycles has been related to economics and 

management science and is examined in more detailed and applied in this body of 

work. 

 

Complex systems theory evolved as a multidisciplinary research field aiming to 

understand and manage the interactions between complex system components. A 

progression of the rather static general systems theory, complex system research 

deals with system change and evolution through time (Manson, 2001). Complex  

systems have been found to exhibit self-organization behavior and adaptation to 

external environmental changes, commonly operating far from equilibrium (Holland 

and Miller, 1991). One of the leading conceptual models of complex system 

evolution is the “adaptive cycle”, initially conceived by Holling (1992) in the 

context of ecosystem dynamics. Later on the model was generalized to describe 

complex socio-ecological systems transformations (Gunderson and Holling, 2001; 

Holling, 2001). They propose that there are three basic properties that define 

complex system’s current and future state: inherent potential (or wealth), internal 

controllability (or connectedness) and adaptive capacity (or resilience)2. The values 

                                                 
2 For a definition of these terms we refer the reader to Holling (2001): 
-The inherent potential of a system that is available for change “determines the range of future 

options possible. This property can be thought of, loosely, as the “wealth” of a system.” 

-The internal controllability of a system is “the degree of connectedness between internal controlling 

variables and processes, a measure that reflects the degree of flexibility or rigidity of such controls, 

such as their sensitivity or not to perturbation.” 
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of these properties define the trajectory of the system that evolves through four basic 

function states of exploitation, conservation, release and reorganization. 

 

Gunderson and Holling’s adaptive cycle has contributed to the development of a 

new body of research in the area of complex socio-ecological systems resilience. 

The focus has been both on the resilience of specific systems (e.g., coral reefs, lakes 

and wetlands, rangelands, forests), and on the further development of theory. For 

some of the most influential work in the area see (Carpenter et al., 2001; Chapin et 

al., 2000; Elmqvist et al., 2003; Folke et al., 2004; Gunderson, 2000; Halpern, 1988; 

Hughes et al., 2003; Mittelbach et al., 1995; Nystrom et al., 2000; Peterson et al., 

1998; Reice et al., 1990; Scheffer et al., 2001; Walker, 1995; Walker et al., 1999; 

Walker et al., 2002). Resilience of complex socio-ecological systems is considered 

to be a promising concept that can increase our understanding of complex system 

interactions, however it is recognized that a complete body of theory has not yet 

developed (Anderies et al., 2006). Recent efforts in that direction include special 

issues of the Ecology and Society and the Environment and Development 

Economics that have focused on the resilience of socio-ecological systems and its 

connection to sustainability3 (Perrings, 2006; Walker et al., 2006). Following the 

above research stream, this thesis aims to contribute to the understanding of complex 

systems interactions, both through theory development and case study analysis. The 

focus will be in developing theory and frameworks that can be generalized and 

practically applied at various system levels, integrating complex system dynamics in 

the quest for sustainability. 

 

Although sustainability is inherently linked with complexity, real life applications 

commonly overlook this aspect. Widely used sustainability frameworks and 

indicators, such as the environmentally adjusted net national product, indicators of 

ecosystem health, the global reporting initiative and other triple bottom line 

                                                                                                                                          
-The adaptive capacity is “the resilience of the system, a measure of its vulnerability to unexpected or 

unpredictable shocks. This property can be thought of as the opposite of the vulnerability of the 

system.” 
3 A variety of definitions have been provided for the term sustainability or sustainable development. 
In chapters 3 and 4 the term is defined in the respective chapter’s context. Throughout the remaining 
document we will use the term as defined by the Brundtland (1987) report, i.e. development that 
satisfies the needs of current and future generations. 
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frameworks, simplify system dynamics, as they “trade off realism for some 

moderate amount of generality and precision” (Costanza et al., 1993). Descendants 

of the accounting theory, these frameworks approach their subjects as closed 

systems and base their descriptions and predictions on linear mathematics. Such 

predictions have been criticized as scientifically invalid, commonly leading to the 

failure of accounting methods to foresee insolvency and system fiscal collapse 

(Kirkegaard, 1997). 

 

The adaptive cycle (Figure 1.1) can be used to illustrate why linear measures of 

system performance will fail to capture system dynamics and predict system 

collapse. Long periods of slow accumulation of resources and potential growth 

(from r to K) are followed by shorter periods of release and reorganization (Holling, 

2001). When system potential is increasing, the ability of the system to control its 

own future (i.e., controllability or connectedness) also increases. Gradually the 

system becomes over-connected (illustrated by black highlighted area in Figure 1.1), 

developing rigid processes that function well under relatively stable conditions, but 

are vulnerable to external shocks. Performance measures of system potential (or 

system wealth) and system connectedness (or controllability) can therefore be 

deceiving if they are not combined with metrics that capture system dynamics, 

which could indicate an upcoming release phase. Basing managerial decisions solely 

on such performance measures can have detrimental effects on system long-term 

ability to function. Pushing for continuously increasing performance and ignoring 

the need for release and reorganization, leads to prolonged conservation phases (K 

phase in Figure 1.1), upon which release is more radical and can influence higher 

system scales, leading to potential large scale system collapse and exit from the 

current adaptive cycle to a less productive one (Gunderson and Holling, 2001; 

Holling, 1986; Holling, 2001). 
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Figure 1. 1 Adaptive cycle  

 

 

 

Note: r, K, Ω and α stand for the functions of exploitation, conservation, release and reorganization 

respectively. Adjusted from Holling (2001) 

 

Intrigued by the importance of complexity, we explore the central theme of how 

complex thinking can influence the understanding and progress towards 

sustainability. The originality of this research work is concerned with 

conceptualizing the relationship of key terms (such as sustainability, functionality 

and resilience), and consecutively develop new or adjust existing sustainability 

frameworks to take into account complex systems interactions. We aim at 

developing theory and frameworks that can be used to raise awareness of the pitfalls 

of the growth paradigm and direct towards modest positions when managing 

complex systems. We seek to define the structural elements that influence system 

adaptive capacity, allowing identification of early signs of system rigidity or 

vulnerability and the development of knowledge and techniques that can improve 

our predictive and managerial ability. 

 

An interesting question would be whether it is actually possible to improve our 

ability to manage complex systems, as complexity is non-deterministic and therefore 
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understanding, representations and management ability. “We can make clear, 

testable assertions about complex systems. We can increase the knowledge we have 

of a certain system, but this knowledge is limited and we have to acknowledge these 

limits” (Cilliers, 2005).  

 

The focus of this research has been on a variety of system scales and dynamics. In 

the following section we specify the research questions as they develop in 

hierarchical order and in relation to the structure of this document. 

 

1.2 Thesis outline 

This is a thesis by publications and therefore the main body is comprised of three 

chapters (2 to 4), each of which is a paper written for journal publication. Each of 

these chapters therefore includes its own literature review and conclusions section. 

Figure 1.2 provides an illustration of the thesis structure, including the research aims 

that were pursued in each section. 
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Figure 1. 2 Thesis structure 
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Chapter 5 

GENERAL CONCLUSIONS 

Research focus: 
- Incorporate complex system 
dynamics through the 
inclusion of system functions 
and complex sub-system 
interactions  

-Develop a measure of the 
functionality of the processes 
underlying a particular 
standing stock, therefore 
allowing for improved 
understanding and 
management of systems 
ability to absorb perturbation 

-Raise awareness of the 
pitfalls of growth paradigm 

-Identify early signs of system 
rigidity or vulnerability 

Application: 
The State of Western Australia 

Chapter 2 

THE INDEX OF SUSTAINABLE 

FUNCTIONALITY 

Research focus: 
-Develop a theoretical framework 
that: 

-Captures non-linear 
interactions of system 
components 
-Describes system behavior 
and dynamics 
-Identifies early signs of 
system rigidity or vulnerability 

-Define the structural elements 
that influence system adaptive 
capacity 
-Set the basis for further research: 

-The conditions under which 
systems will display different 
dynamics 
-The relationship between the 
dynamics and long-term 
survival 

Application: 
The Ford Motor Company 

Chapter 3 

THE SUSTAINABILITY – 

RESILIENCE ARCHITECTURE  

Research focus: 
- Develop a measure to: 

-Capture long-term 
productivity loss and 
environmental degradation 
caused by individual 
production and distribution 
proceses 
-Link individuals’ 
consumption with their 
ecological impact 
-Reduce misperceptions of 
products’ ecological impacts 
-Develop a market-driven 
approach to internalizing 
environmental externalities 

Application: 
Comparison of three apple 
production systems 

Chapter 4 

THE PRODUCT ECOLOGICAL 

FOOTPRINT 
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1.3 Statement of Candidate Contribution 

I hereby declare that all the material presented in this thesis is original, except where 

due acknowledgement is given. The thesis has been substantially accomplished 

during enrolment in the degree and all the material presented has not been accepted 

for the award of any other degree or diploma. My contribution to each of the 

publications arising from this thesis is as follows: 

 

Paper 1 (Chapter 2): Jorg Imberger, Elena-Alexandra D. Mamouni, Jeni Anderson, 

May-Le Ng, Sam Nicol and Aaron Veale, 2007, The index of sustainable 

functionality: a new adaptive, multicriteria measurement of sustainability – 

application to Western Australia, International Journal of Environment and 

Sustainable Development 2007,Vol. 6, No.3, pp. 323 - 355 

 

Contribution: The index of sustainable functionality framework was initiated during 

the 2004 final year student project at the School of Environmental Systems 

Engineering at UWA. The current author (and at the time the unit tutor) worked for 

approximately 12 months upon the completion of the student project on the concept 

and methodology development, data verification, new data collection, data analysis, 

paper writing and paper editing upon the reviewers’ comments under the supervision 

of prof. Jorg Imberger. The other four authors were the leaders of the student project 

and provided feedback upon the student project completion by reviewing the 

manuscript prior to publication. 

 

Paper 2 (Chapter 3): Elena-Alexandra D. Mamouni, Anas Ghadouani, Steven G.M. 

Schilizzi and Tim Mazzarol, The Sustainability – Resilience Architecture of the 

complex corporate system, submitted to Strategic Management Journal. 

 

Paper 3 (Chapter 4): Elena-Alexandra D. Mamouni, Anas Ghadouani, Steven G.M. 

Schilizzi and Tim Mazzarol, Selling the consumer the choice: A methodology for 

product ecological footprint calculation, submitted to Ecological Economics. 
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Ghadouani, Dr. Steven Schilizzi and Prof. Tim Mazzarol.  

 

 

 

 

 

 



 

 
 
 
 
 
 
 
 
 
 
 

CHAPTER 2. 

THE INDEX OF SUSTAINABLE FUNCTIONALITY 
 
 
 
 
Measures of a standing stock note variations and depletion of the system’s wealth 

(or potential), but fail to provide an assessment of the system’s ability to recover. In 

this chapter we aim to develop a measure that assesses the functionality of the 

critical processes contributing to systems wealth. We envisage that such a 

framework will be able to identify early signs of system rigidity or vulnerability. In 

addition to that it could be used to raise public awareness of the pitfalls of the 

growth paradigm. 
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2.1 Abstract 

We define the functionality of systems in a geographic domain and use this 

definition to formulate a new quantitative indicator of sustainability, the Index of 

Sustainable Functionality (ISF). The ISF is a measure of the functionality of the 

processes underlying a particular standing stock and so provides a simple and 

objective assessment of the ability of a system to absorb an external or internal 

perturbation without losing the ability to recover. The ISF, for a geographic domain, 

is the sum of the values of quantitative indicators of the functionality of the 

underlying processes weighted by the stakeholders’ priorities. To illustrate the 

methodology, we derive the ISF for the State of Western Australia and showed that, 

for Western Australia, economic measures of progress such as the Gross State 

Product used by the Government to guide the policies of the state, do not adequately 

reflect changes in our quality of life or the health of the ecosystem. 

 

2.2 Introduction 

Sustainability was first recognised as a major issue in 1987, when Brundtland’s Our 

Common Future Report (Brundtland, 1987) was released as a response to the 

realisation of the myriad of ecological and social problems facing the planet. 

Brundtland (1987) concluded that development was inevitable, but the impact 

should be mitigated if today’s developments are to meet the needs of the present 

generation, without compromising the needs of future generations. The difficulty 

with this definition is the assessment of ‘need’, because as the German philosopher 

Friedrich Nietzsche (1844–1900) said, “Necessity is not an established fact, but an 

interpretation”. 

 

Inherent in Brundtland’s thinking is the idea that sustainability involves, as the 

English word implies, a certain stability, longevity or stationarity in a statistical 

sense of the standing stock measures. From a statistical point, a time series is said to 

be strongly stationary if all the joint probability distributions are invariant with time 

(Pole et al., 1994); in other words the underlying processes determining standing 

stock concentrations remain robust. By contrast, weak stationarity is defined as a 

process where only the first and second order moments are time invariant.  
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These concepts may be applied to sustainability by defining systems in a domain to 

be strongly functionally sustainable if all the processes underlying a particular 

standing stock magnitude remain functional and continue to contribute to the 

measured variations of that standing stock. On the other hand, a system may be said 

to be weakly functionally sustainable if all the functions measured by a set of 

indicators continue to function and contribute to the standing stock; clearly weak 

functionality is a measure only as good as the choice of indicators. By focusing on 

the underlying processes contributing to a standing stock, that undergoes depletion, 

we obtain a measure of the ability of the standing stock to recover; measuring only 

the standing stock and noting the depletion does not allow an assessment of the 

system’s ability to recover the standing stock. Various environmental and social 

systems have been examined in order to establish whether they are stationary or non-

stationary: energy systems (McAvinchey and Yannopoulos, 2003), climate and 

weather systems (Cassou et al., 2004), economic indicators (Milionis, 2004) and real 

exchange rates (Heimonen, 1999). However, the emphasis, in these investigations, 

was on the stationarity of the measured signal, rather than on an assessment of the 

functions contributing to the standing stock; in other words no attempt was made to 

investigate the degree of damage to the underlying processes contributing to the 

statistical behavior of the time series being investigated. 

 

The choice of indicators is very important, as seen from studies of natural 

ecosystems. Lakes (Carpenter and Cottingham, 1997; Carpenter and Leavitt, 1991; 

Scheffer et al., 1993), coral reefs (Done, 1992; McClanahan, 1995; McClanahan et 

al., 1996), forests (Estes and Duggins, 1995) and grasslands (D'Antonio and 

Vitousek, 1992; Walker et al., 1997; Zimov et al., 1995) all transition between states 

that are stable to small perturbations, but jump to neighbouring states when heavily 

impacted. Indicators must thus be chosen to reflect the cumulative functioning of all 

processes that make up a system within a domain and not focus on individual 

subprocesses that may actually change quite quickly. A simple example of this is the 

historical 100,000 year cycling of the earth’s climate throughout which indicators 

such as the concentration of CO2 have remained stationary, but many species have 

come and gone and are thus completely non-stationary. This example shows that 

choosing standing stock indicators, for example, species counts, does not capture the 
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fundamental underlying set of processes responsible for the robustness of a system 

to change. Such a set of indicators would suggest that evolution in nature is not 

sustainable just because, say the dinosaurs become extinct. The more fundamental 

question, and the one addressed here, is whether the perturbation on the system 

wrecks the evolutionary process itself. To see this we need to examine indicators 

that measure the functions responsible for the evolutionary process; in other words 

whether the time scale imposed by human activity is preventing the preservation of 

biodiversity in general, rather than the preservation of a particular species. 

 

In this chapter, we shall not concern ourselves with how to achieve sustainability, 

but rather develop the idea that in order to assess sustainability one must examine 

the functionality of all the processes contributing to a standing stock, rather than 

merely look at the variations of the standing stock itself; this is the basis of the 

proposed measure of sustainable functionality. Once developed we illustrate how the 

indicator methodology may be applied to a case study and be used to successfully 

assess the sustainability of the functionality of systems within a domain. 

 

2.3 The index of sustainable functionality 

Multiple definitions of sustainability, qualitative and quantitative have been 

developed to assess sustainability levels (Fricker, 1998). The use of indicators has 

become common in sustainability research (Board on Sustainable Development and 

Policy Division National Research Council, 1999) and was clearly acknowledged in 

the World Summit in Johannesburg (United Nations, 2003). As the concept of 

sustainability covers a wide set of functions, multiple indicators are usually 

necessary to adequately gauge the state of sustainability. Parris and Kates (2003) cite 

more than 500 examples of attempts to formulate quantitative indicators. These 

range from a series of key or headline indicators, such as endangered or threatened 

species, to aggregated indicators.  

 

In aggregated indicators many individual indicators are summed. Examples include 

the Ecological Footprint (Wackernagel and Rees, 1996), the Index of Sustainable 

Economic Welfare (Stockhammer et al., 1997), the Genuine Progress Indicator 

(GPI) (Cobb et al., 2001), the Environmental Sustainability Index (World Economic 
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Forum Global Leaders for Tomorrow Environment Task Force et al., 2002), the 

WWF Living Planet Index (Loh, 2002), the UK Sustainable Development Headline 

Indicators (UK Government, 2004) and UN Commission Reporting Procedures 

(Secretary-General of the Commission on Sustainable Development, 2004). All 

these indicators, however, focus a measure of the standing stock, rather than the 

health or otherwise of the underlying processes. 

 

However, urgently required is an indicator of sustainability that will objectively 

measure the functionality of systems and the effects of actions between these 

systems, while also taking into account the different perspectives of all the 

stakeholders (McMichael et al., 2003). The commonly used triple bottom line 

reporting framework (Elkington, 1994) singles out society, the economy and the 

environment as systems or dimensions (EOLSS-UNESCO, 2002; Spangenberg, 

2004). However, in this approach there is no reference to the system’s functions, 

system interactions or stakeholder perspectives. The concept explored in this paper 

is to extend the ideas underlying the triple bottom line approach, combine it with the 

idea of system functioning and include a range of perspectives, incorporating 

quantitative indicators of the functions provided by the systems to the different 

specific stakeholders or perspectives. The end value will therefore express an 

assessment of the functionality of multiple systems from a number of perspectives, 

allowing for comparisons to be made between alternative potential system states and 

different stakeholder preferences. It is important to emphasize that the absolute 

value of the indicator will depend not only on the quantitative data, but also on the 

social preferences that are expressed through indicator weightings. 

 

2.3.1 Definitions 

Before describing the methodology in detail, it is convenient to set out some simple 

definitions, in order to provide a logical foundation for the Index of Sustainable 

Functionality (ISF). 

 

Domain: the domain D is a geographic entity under consideration. This can be a 

lake, a river basin, a shopping centre, a city, a state or even a whole country. Every 

domain has boundaries across which actions may flow. 
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Subdomain: a subdomain is a geographic subset of a domain, introduced to allow 

spatial resolution in assessing sustainability. In general, we may define N 

subdomains, Di , i = 1, N . 

 

Systems: a system in a domain or subdomain is a collection of processes that we 

aggregate for the purposes of measuring sustainability. A system may be a set of 

legislative processes, a set of biological processes or simply a set of physical 

processes such as, for example, all those processes that lead to runoff in a river basin 

when it rains. For each subdomain, Di  , we may define K i  systems Sk

i , k = 1,K i . 

Systems provide process resolution within each subdomain; the greater the number 

of systems, the higher the process resolution, but also the greater will be the demand 

for data that measure the system behavior and can be used as indicators. 

 

Action: an action is defined as a perturbing influence of one system on another 

system; actions are dependencies between systems. Interacting systems may be 

within the same domain or actions can act across a domain boundary. Some actions 

will be controlled by the donor system, some by the recipient system, but many 

actions are totally controlled by a third, what could be called, a control system. A 

simple example of such a control system is the governmental legislative process; 

legislative systems in a domain such as a state, control most fluxes within the state 

and across state boundaries, yet are not affected by the action, except in a wider 

sense such as public opinion. 

 

Perspectives: the function of a system can take many forms, but usually depends 

strongly on the view or perspective of the observer. Examples abound, but to 

illustrate this concept consider the function of a lake; nature will use it to sustain life 

within the lake, the tourist may use it for swimming, boating or fishing, the local 

water authority may wish to use it for bulk water and the surrounding community 

may utilise the storage capacity of the lake for flood protection. The function of a 

system, the lake in this case, thus obviously depends strongly on the perspective of 

the observer. 
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We define J i  perspectives Pj

i , j = 1, J
i  for each subdomain Di . The index 

convention thus forms a matrix (j, k) with J i  perspectives and K i  systems for each 

of the Di  subdomains. 

 

Functions and sustainability: the functions of a system Sk

i  are actions that provide 

well-defined services to particular observer perspective Pj

i . Functions open the way 

for a quantitative definition of sustainability: 
 

An action by one system on another system, within a particular domain or 

across adjacent domains, is adaptively weakly sustainable provided the 

rate of loss to the system’s functions, brought about by the action, is 

slower than the rate at which the recipient system can mitigate for the loss 

of function. 
 

It must be recognised that since we are focusing on the underlying processes or 

functions there will be a time scale involved in any recovery period; the rebound 

will not be instantaneous, but rather be governed by the rate at which the underlying 

processes can repair the system. Further, in most systems the repair mechanisms are 

themselves dynamic and will strengthen or weaken when exercised. The simplest 

example of this idea is a person being exposed to physical stress; repeating the stress 

strengthens the person’s muscles and after a time an applied stress, that initially 

could have been difficult for the person to overcome, leads to no loss of 

functionality once the person has become fitter. Hence, we introduce the word 

‘adaptive’ to emphasise that there are two major time scales in the recovery process. 

Firstly, the time scale at which the repair takes place and secondly, the time scale 

over which the repair mechanism strengthens; the time scale that is important will 

depend on whether the initial perturbation breaks the system functionality. 

 

In the rest of this chapter, we shall restrict ourselves to weak sustainable 

functionality. It is convenient to define functions for each of the elements (j, k) of 

the matrix. Normally, there would be only one function per matrix element, but it is 

quite possible that a particular perspective may have a number of functions for a 
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particular system. Hence, we may define the functions Fjkl

i , l = 1, L
jk  where Ljk  are 

the number of functions in the matrix element (j, k). 

 

Indicators: the functionality, or degree of functioning of each function must be 

quantified. This may be done by attaching to each function a set of M jkl

i objective 

indicators 
 
I jkl m

i that have been normalised from zero to one; a value of zero means 

no functionality remaining and a value of one meaning that the system remains fully 

functional with respect to the particular action as measured by that indicator. The 

lower bound is usually unambiguous and easily recognised, but the upper bound is 

often less obvious. It may be chosen as an absolute bound when establishing 

absolute sustainable functionality or it may be chosen as the value of the indicator 

prior to a certain action if it is desired to assess the action in isolation. In the 

example on Western Australia we shall use absolute bounds, but when comparing, 

say the impact of a large new development in a particular domain, it may be better to 

use, as the upper bound, the value of the indicator before the development 

commenced. Comparison then leads to what we may call the ‘relative ISF’ as 

distinct from the ‘absolute ISF’. 

 

The choice of indicators is critical to the success of any aggregated sustainability 

index, including the one defined here. This is best illustrated with a common 

example. Suppose the domain is a particular person and we define only one system, 

all the biological and chemical processes that make up the person. In this simple 

example the function of the system is to provide physical wellbeing for the 

individual. One of the most common indicators used to measure the level of 

functionality is the individual’s blood pressure. The first thing to note about this is 

that if the blood pressure is good then the individual’s cardiovascular system is, 

most likely, functioning sustainably, but it is a poor indicator of say cancer. Hence, 

it is important to remember that indicators only measure specific functionalities of a 

system and care must be taken to include enough indicators to capture the key level 

of performance of all the key processes that comprise a system. 
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Normalising the indicators between zero and one involves defining bounds for the 

indicators between which the system functioning ranges. For example, if we 

consider the natural system in the State of Western Australia, from the 

environmental perspective, then we could define the function as maintaining 

biodiversity in the state. A suitable, but certainly not the only, indicator would be the 

total number of endemic flora in the domain that live naturally without human 

support. A possible non-functional limit is when there are no such species remaining 

and a possible upper fully functional limit is when the number of species is the same 

as that before the European settlement occurred. This is not unique, but the most 

important criterion for the choice of bounds is that the data can be ranged between 

the bounds in an unambiguous fashion. It should be noted that in some cases the 

upper and lower functional bounds may not represent the possible extreme values of 

an indicator. If we examine for instance the function of the social system, from the 

social perspective, and assume it is to provide a feeling of fulfilment, then a possible 

indicator would be the observed suicide rates. The upper functional bound could be 

a suicide rate of zero. On the other hand the dysfunctional bound would technically 

be a rate at which a population would die out, including death from all other sources. 

However, this would be too high to be socially acceptable and we may wish to adopt 

a relatively arbitrary level that is acceptable to the stakeholders. Hence, we see the 

perspective also enters the determination of the indicator bounds. In general the most 

important characteristic of the bounds is that they are unambiguous and reflect 

consensus among the stakeholders.  

 

Another way to reduce ambiguity and also increase the resolution between a number 

of competing developments is to make the upper bound the value at a reference time 

and reference system (preferred option) and then the ISF is automatically referenced 

to that particular system at that time; this is particularly useful when considering the 

impact of a particular development or when comparing two alternatives. It is noted 

however, that if more than two distinct states, developments or programmes are 

compared, the ISF can lead to non-transitive collective preferences. For example if 

state A is preferred over state B, and state B is preferred over state C, it is possible 

that state C is preferred over state A. This phenomenon, in which collective 



20 | T h e  I n d e x  o f  S u s t a i n a b l e  F u n c t i o n a l i t y  

 

preferences can be cyclic, even if the preferences of individual voters are not, is 

known as voting or Condorcet’s paradox. 

 

Weightings: community surveys may be used to determine weightings W jk

i  that 

reflect the importance of the different elements of the fundamental matrix (j = 

perspective, k = system) across all stakeholders. 

 

ISF: we may now define an aggregate ISF simply by summing the values of the 

indicators (reflecting the functionality) times the value of the weighting for the (j, 

k)th element (reflecting the importance placed on the indicators within the element 

(j, k)): 

ISF =
W jk

i

L jk

i

1

M jkl

i
I jklm

i( )
m =1

M jkl
i

∑
l =1

L jk
i

∑
























k =1

K
i

∑
j =1

J
i

∑             (2.1) 

where it is assumed the weightings within the indicator and function levels are the 

same and where it is required that 

W jk

i
= 1

k =1

K
i

∑
j =1

J
i

∑                 (2.2) 

The advantage of separating the priorities placed on matrix elements from the 

magnitudes of the indicators is that indicators measure the absolute functionality or a 

functionality relative to a reference system within the subdomain, whereas the 

weightings reflect the often rapidly changing priorities that people attach to the 

defined set of functions. This separation allows communities to change their value 

system without losing sight of the state of the functions of the systems within the 

subdomains, forcing reality into the democratic decision process. Equally important, 

this separation allows individuals or groups of individuals to compute a value of the 

ISF that conforms to their own value system and so compare their ISF with that of 

the subdomain or domain average. Once again this aids rational debate amongst the 

community and it is a further reason why we have called the ISF adaptive. 
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2.4 Application in Western Australia 

 

2.4.1 The domain 

As an example of the application of the ISF methodology let us examine the 

functionality of the State of Western Australia over the past 30 years; the time 

period was determined by the availability of data. No subdomains were defined for 

this study, so that N = 1 and we may drop the index i for this example. 

 

2.4.2 Systems and perspectives 

Given the large geographical area represented by the domain and restrictions on data 

availability, four systems; the natural, the individual, the social and the economic 

were viewed from three perspectives; the environmental, the social and the 

economic, in order to test the methodology described above. These words were 

chosen as they are in common usage. The natural system captures all processes 

sustaining the ecosystem around us and the word environmental perspective was 

used as it is a common descriptor for the Government Agency that is responsible for 

the health of the natural system. Social processes of the triple bottom line model 

were divided into the social system and the individual system. The difference 

between the social and individual systems was derived from the concept of social 

and human capital, making the distinction between the quality of relationships 

between people within the society and the collective skills, health and knowledge of 

individuals within the community (Australian Bureau of Statistics, 2004b; Black and 

Hughes, 2001; Hamilton and Denniss, 2000). The social system deals with the 

strength of community interactions, whilst the individual system is concerned with 

the sum of human resources of the individuals within the domain. Built capital and 

financial assets were accounted for within the social and economic systems as 

stocks, investments and assets. The economic system was defined as the production 

and consumption of manufactured or harvested goods, services that can be traded or 

sold and knowledge that has economic value. In order to capture the interactions 

among those complex systems, the environmental, social and economic perspectives 

were considered as views with a vested interest in the other systems. An individual 

perspective was not considered separately because, using such a perspective would 

require the collective views of a group of individuals; a society. Hence, a group of 
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individual perspectives representing an average view is the social perspective and 

therefore could not be distinguished. 

 

2.4.3 Functions and indicators 

The functions of the four systems, the indicators used to define their level of 

functionality and their normalisation boundaries were determined from a literature 

review. Data availability restricted the indicators to last 30 years and then only with 

a resolution of 5 years; overall, 24 functions and 45 indicators were used and these 

are detailed in Table 2.1. Indicator selection was conducted according to the US 

Environmental Protection Agency’s evaluation guidelines (Jackson et al., 2000). The 

four phase selection was condensed to three phases. Firstly, ‘conceptual relevance’ 

was examined, defining indicators that accurately measure some aspect of the 

identified function of the system. Secondly, ‘feasibility of implementation’ and 

‘response variability’, were used together to evaluate the availability of indicator 

data; In brief, indicators should be able to respond to positive and negative changes 

(temporal variability) and adequate statistical data must exist to allow the indicator 

to be computed over the time period of the investigation. Finally, ‘interpretation and 

utility’ were examined by ensuring that chosen indicators could successfully be 

normalised between zero and one. Thresholds were appropriately selected to reflect 

successful or unsuccessful management techniques (For indicator data sources and 

normalization bounds see Appendix 1).  

 

Table 2. 1 Functions and indicators (explanatory notes are provided in Appendix 1) 

SYS PSP Function to provide Normalized indicator* ALT LPIV Note 

Nat Soc An environment 
conducive to human 
health 

Normalized salinity and 
phosphorous levels in the South 
West Rivers basins. 

o VL 1 

Average of normalized levels of 
atmospheric Sulphur Dioxide, 
Carbon Monoxide, Tropospheric 
Ozone and Particulates 

o H 2 

Nat Soc An environment 
conducive to 
recreational and 
educational use by the 
community 

Fraction of physically able WA 
residents who visited a world 
heritage, national or state park 
area. 

- M 3 

Nat Nat Diversity of endemic 
species 

1 – Fraction of endangered flora 
species that decreased in 
population size 

- L 4 
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Table 2. 1 Functions and indicators (explanatory notes are provided in Appendix 1) (continued) 

SYS PSP Function to provide Normalized indicator* ALT LPIV Note 

Nat Eco Renewable and non-
renewable resources 

(Mining income as a fraction of 
all industries income)/0.2, 

+ H 5 

Fraction of harvested area over 
the sustainable harvest rate 

+ M 6 

Nat Eco Natural attractions for 
economic benefit. 

Annual income from 
accommodation as a fraction of 
GSP / 0.01 

+ M 7 

Fraction occupancy rate of 
existing accommodation 

+ M 8 

Soc Soc A feeling of security and 
freedom from fear 

1 – Fraction of people feeling 
unsafe or very unsafe 

o H 9 

1 –[(Average expenditure on 
insurance per person per week)/ 
(Average weekly disposable 
household income per person – 
Average poverty line per week 
per person)] 

o H 10 

Soc Soc A feeling of fulfilment 1 – Suicides per 100,000 per 
annum / 20 

- L 11 

Soc Soc Positive social capital 1 – Fraction of the voting 
population who distrust the 
government / 0.5 

- M 12 

Soc Nat Conservation through 
legislation and public 
awareness. 

Fraction of significant terrestrial 
habitats set aside as reserves / 
0.15 

+ M 13 

Fraction of significant marine 
habitats set aside as reserves / 
0.1 

+ L 14 

Fraction of households devoting 
time or money to environmental 
causes 

- L 15 

(0.4 – Percent change of annual 
energy consumption by the 
transport sector)/0.4 

- / + M 16 

Soc Nat Mechanisms for 
responsible use of 
natural resources 

(Fraction water recycled – 0.05) 
/ 0.25 

+ VL 17 

Soc Eco Efficient allocation of 
resources 

Fraction of government 
infrastructure expenditure to 
GSP / 0.03  

- M 18 

Soc Eco Stable environment for 
economic growth 

1 – Fraction of working days lost 
per 1000 employees due to 
industrial disputes 

+ H 19 

   (Fraction of home ownership – 
0.25) / 0.47 

o H 20 

   1 – Crimes reported by 100.000 
people per year / 0.3 

- M 21 

Ind Soc Population stability Population growth rate /0.015, 
 if growth rate ≤ 1.5% 
1 – [(Population growth rate – 
0.015) / 0.015],  
if growth rate > 1.5% 

+ H 22 

Ind Soc Participation in society Fraction of total positions in the 
workforce that are filled 

- H 23 
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Table 2. 1 Functions and indicators (explanatory notes are provided in Appendix 1) (continued) 

SYS PSP Function to provide Normalized indicator* ALT LPIV Note 

Ind Soc Compliance with laws 
of the State 

1 – Cumulative impact of crime - L 24 

Ind Nat Contribution to resource 
conservation 

(Fraction of trips by public 
transport or walking – 0.10) / 
0.15 

- VL 25 

1 – [(Residential energy 
consumption per resident – 10 
GJ per capita)/ 40 GJ per capita] 

- H 26 

1 – Cars per person / 0.68 - VL 27 
Ind Nat Minimization of waste 

output 
1 – Tonnes of household waste 
to landfill per capita, per year / 
0.5 

- VL 28 

Fraction of households that 
participate in kerbside recycling 

+ H 29 

Ind Eco Skills to society (Fraction of work force with non 
school qualifications – 0.2 ) / 0.7 

+ VL 30 

(Fraction of 15-24 yo 
participating in secondary and 
tertiary education and training – 
0.3 ) / 0.5 

+ L 31 

Ind Eco Capacity for 
consumption 

Fraction of average household 
disposable income spend in 
consumption of goods and 
services  

+ H 32 

[(Average weekly household 
disposable (awhd) income after 
servicing debt and investment or 
principal mortgage repayments) 
– Average weekly (aw) poverty 
line] / (Awhd income – Aw 
poverty line) 

- H 33 

Eco Soc Essential services 1 – [(Cost of food Vs average 
household disposable income per 
person – 0.05) / 0.15] 

+ H 34 

Eco Soc Essential services (cont) 1 – (Percentage change in cost of 
housing Vs percentage change in 
gross household disposable 
income per person – 0.5) 

+ / - L 35 

(Percentage change in average 
aged pension Vs percentage 
change in CPI – 0.99) / 1.01 

+ M 36 

(Fraction of medical fees 
covered by Medicare – 0.5) / 0.5 

- M 37 

Eco Soc Opportunities for human 
development 

1 – [(The Gini Coefficient – 
0.25) / 0.35] 

- L 38 

Eco Nat Management of 
industry’s 
environmental impacts 

1 – [(Energy use generated by 
industry per GSP – 0.00304) / 
0.07696] 

o H 39 

Fraction of energy use that 
comes from renewable resources 
/ 0.02 

+ VL 40 

1 – [(Annual percent change in 
the fraction of area of land 
affected by dryland salinity + 
0.20) / 0.40] 

- VL 41 
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Table 2. 1 Functions and indicators (explanatory notes are provided in Appendix 1) (continued) 

SYS PSP Function to provide Normalized indicator* ALT LPIV Note 

Eco Eco Stability and progression 
towards economic 
growth 

Growth rate of GSP per capita/ 
0.05 

o H 42 

Imports and exports aggregated 
as a % of GSP / 0.8 

+ M 43 

Average annual rate of change of 
Consumer Price Index/0.03 
if growth rate ≤ 3% 
1 – [(Average annual rate of 
change of Consumer Price Index 
– 0.03) / 0.07],  
if growth rate > 3% 

+ H 44 

1 – [(Unemployment rate-
0.2)/0.13] 

- / + M 45 

* The normalized indicator is regarded =1 when the normalization process results to values >1. The 

normalized indicator is regarded =0 when the normalization process results to values <0. 

SYS=System; PSP=Perspective; Nat=Natural; Soc= Social; Ind = Individual; Eco= Economic; 

ALT= Average Linear Trend of indicator values; + =positive trend; - = negative trend; o = stable 

trend; LPIV= Last Period Indicator Value (2000-2004); VL= very low, 0≤value≤0.25; L= low, 

0.25<value≤0.50; M=medium, 0.50<value≤0.75; H= high, 0.75<value≤1; Note= Explanatory 

Notes: See Appendix 1. 

 

2.4.4 The community survey 

The weightings for this application were determined through a broad survey of the 

whole WA community (see Appendix 2 for the questions asked). The survey method 

used was a Computer-Aided Telephone Interview (CATI) that was undertaken by a 

contracted company. The survey included 300 respondents from metropolitan areas 

and 100 respondents from regional areas, allowing opinions to be synthesised with 

95% confidence for the state as a whole. The fieldwork for the survey began on 

Friday 23 July 2004, and was completed on the Wednesday 28 July 2004. There 

were 827 refusals in Perth and 196 refusals in the country regions. This gave a 

response rate of 28.1%, which is classified as a high response rate (Neuman, 2003). 

 

The weightings were surveyed at the system-perspective level and the questions 

were designed to meet a set of published literature criteria (Neuman, 2003), with an 

emphasis on minimising bias and ensuring that the meaning of each question was 

clear to the respondent. Demographics included in the survey included the age of the 

respondent, the gender, the postcode and the suburb the respondent normally resided 

and their living status (chosen from living alone, a couple without children, a couple 

with children at home, a single parent with children at home or in a shared 

household). The sample was representative of the population of Western Australia 
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with respect to age, geographic location and gender. This removed the need to weigh 

various aspects of the survey to counteract the impacts of non-representative 

responses. 

 

In all there were 90 informal responses for the 12 questions related to the Index, 

resulting in a rate of approximately 2% of informal response. The survey applied a 

Likert-scale (Likert, 1932) to measure the strength of agreement with a set of clear 

statements that represented the importance placed on each system viewed from each 

perspective. Responses were translated to weightings from 0 to 1 (0, 0.25, 0.5, 0.75 

and 1) for each point in the Likert scale. The average for each question was 

computed, with standard deviations ranging from 0.15 to 0.29. The average standard 

error for 95% confidence was 0.021 with a standard deviation of 0.0054. The 

average of the standard errors for 95% confidence, expressed as a percentage of the 

weighting value, was 3.9%. Final weightings for each system perspective were 

computed by normalising the above average values for each question, so that the 

sum of all 12 weightings was equal to one. The weightings were then applied to the 

functions of each system-perspective element, assigning equal weightings to all 

functions and indicators within each system-perspective element. 

 

2.4.5 The weightings 

The results from the survey were collated and converted into weightings as shown in 

Table 2. In terms of systems, respondents placed a strong emphasis upon the 

individual (29.9%), economic (23.9%) and social (28.6%) systems and a relatively 

low weight upon the natural system (17.6%). The high values associated with the 

individual system were interpreted to reflect a sentiment in the Western Australian 

public that it is important for individuals to contribute towards society, the economy 

and the environment. The high values obtained for the social system were 

interpreted to suggest that the Western Australian public has a strong desire for 

society to provide positively for the environment and the economy. 

 

The low value placed upon the natural system may be misleading. This system 

included the natural environment and all its functions and resources and was valued 

considerably lower than the other three systems in the survey. However, this result 
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reflects low scores from the economic and social perspectives showing that public 

opinion is against damaging the environment for economic or social gain. The high 

value obtained for the natural system from the natural perspective shows a strong 

desire to conserve the natural system. This result led to the conclusion that it may be 

more beneficial to interpret the results from a given perspective rather than 

aggregating system responses. 

 

Table 2. 2 Weightings resulting from the survey 

 Systems 

Natural Social Individual Economic 

Perspective     

Environment 0.104 0.101 0.105 0.098 

Social 0.034 0.091 0.102 0.098 

Economic 0.039 0.093 0.093 0.043 

 

There was a marked difference in the average weighting from the three perspectives. 

The natural perspective was weighted highest at 40.8%, followed by the social 

perspective at 32.5% (close to the neutral or equal weight of 33.3%) and the 

economic perspective at 26.7%. Respondents seemed to give little value to the 

economic uses of the various systems yet empathised with uses having 

environmental impacts.  

 

System-perspectives elements of the matrix, that received high weightings (greater 

than 9.5%, compared to the equal weighting of 8.3% or 1/12) were the (natural, 

natural), (natural, social) and (natural, individual), (social, individual) and (social, 

economic) elements. The high scores of the natural perspective are interpreted to 

demonstrate that the community places a high value upon the natural environment 

for all four systems. The highly weighted (social, individual) and (social, economic) 

elements express the social responsibility of individuals and the economy. Notably 

low weightings (less than 4.5%) were recorded for the elements (social, natural), 

(economic, natural) and (economic, economic). This suggests that there is an 

aversion to natural resource use for economic benefit where this resource use will 

result in environmental damage.  
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2.4.6 The aggregation 

Once the weightings had been determined the ISF was calculated according to 

Equation (2.1) and the results are shown in Figure 2.1 as time trends, in Figure 2.2 

separated at perspective levels and in Figure 2.3 collectively in the form of the 

summary ISF Chart. 

 
Figure 2. 1 WA GSP, GPI and ISF 

  
 

Figure 2. 2 Perspectives functionality 
 

 

 

user
Stamp
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Figure 2. 3 The ISF Chart for Western Australia average of the period 2000–2004 
 

 

Note: The radius of each sector is equal in length to the average index value for that particular 

element of the ISF Matrix. The width of each sector is proportional to the element weighting. The bar 

chart at the bottom is the value of the ISF as a function of the perspective; the colours in all sectors 

represent particular perspectives as indicated. The perimeter sectors indicate the percentage 

increase in functionality from the period 1994–1999 to the period 2000–2004. 

 

2.4.7 The genuine progress indicator 

The GPI, a monetary measurement of the true well-being of a country or State is 

now in common use and is available for a number of countries (Hamilton and 

Denniss, 2000). The GPI is different in concept from the ISF, yet both are attempts 

to obtain a more holistic measure of the success or otherwise of the management of a 

country and thus it was felt to be useful to include here as a comparison to the ISF. 

The GPI is based on a simple generalisation of the GSP in that all monetary fluxes 

that are deemed to make a positive contribution to life in the country are considered 

as positive and those judged to have a negative impact are assigned a negative value; 

in this way negative activity reduces the GSP. By attaching a sign according to the 

activity the GPI turns the GSP, which was not designed as a measure of 

sustainability, into a monetary measure of sustainability. The GPI has the advantage 
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that it is a relatively simple modification of a very standard indicator and measures 

the amount of ‘good’ money expended per capita minus the so-called ‘bad’ money 

expended. Its weakness is that not good and bad activities are measured in terms of a 

monetary flux, which is seldom correlated with the healing processes of a system. 

 

The GPI was available for Australia, but not Western Australia, so the calculation of 

the GPI for Western Australia was carried out by closely following the methods 

developed by Hamilton and Denniss (2000) and the reader is referred to their paper 

for details. A total of 27 indicators were used, divided into three separate sections – 

economic, social and environmental indicators. Extensive attempts were made to 

obtain complete data sets for Western Australia from 1950 to 2003. Data were taken 

from both the Australian Bureau of Statistics (ABS) and the Reserve Bank of 

Australia (RBA) – both sources have guidelines that are consistent with the quality 

requirements of this project. However, being so reliant on these data sources 

ultimately resulted in problems with data availability, as not all the data required for 

the calculation of a Western Australian GPI were available over time. Consequently 

in order to be able to develop the GPI for Western Australia, the use of adjusted 

Australian data became a necessity. Australian data were converted to a proxy 

dataset for Western Australia by one of two methods. These methods focused on 

obtaining a proportion of either Western Australian population to Australian 

population, or Western Australian GSP to Australian GDP; of the 27 indicators 8 

needed proxy estimates. The GPI, GSP and ISF are shown together in Figure 2.1. 

 

2.5 Discussion 

 

2.5.1 The aggregate index 

As shown in Figure 2.1, the GSP monotonically increased from 1970 to the present, 

with Western Australians now having the highest per capita GSP in Australia, except 

for the Australian Capital Territories (Australian Bureau of Statistics, 2004a). The 

GPI showed an increase closely following the GSP until 1982, but then remained 

almost constant, showing only a minor further increase to 1991 where after it 

became constant. The ISF follows a similar trend to the GPI, but represents a more 

direct quantitative measure of functioning of the chosen processes within the four 
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systems; separately the GPI shows that expenditures in Western Australia are no 

longer being directed into sectors that are beneficial to society’s or the 

environment’s well-being. The ISF trend shows that the outcome of the increased 

flux of money is not leading to an overall improvement in the areas important to the 

stakeholders. Results illustrated in Figure 2.1 clearly show that, although more 

money is being cycled in Western Australia, much of it is being used for what are 

deemed as negative expenditures (Cobb et al., 2001). 

 

2.5.2 Analysis at the level of system and perspectives 

One of the major benefits of the ISF methodology is that the Index can be broken 

down and analysed for each element of the ISF Matrix. In Figure 2.2 we illustrate 

the individual components to the ISF for each of the perspectives. For the 

application to Western Australia, it was observed that the individual and social 

systems showed almost constant functionality over the past 20 years. The 

functionality of the economic system increased, whereas the functionality of the 

natural system has consistently decreased over the same period.  

 

The small variations of the ISF over time are statistically not, in the most, 

significant, but it is interesting to briefly review the history of events and note some 

parallels with the variations in the ISF. The reader is also referred to the book by 

Appleyard (1991) for extensive background on the events in Western Australia over 

the last 100 years. The 1970s were influenced by the arrival of post-war immigrants, 

fuelled by the Federal Government’s monetary initiatives aimed at boosting the 

country’s economy. The workforce increase brought positive results to the economy 

and increased the cultural diversity. The early 1970s were characterised by the 

introduction of universal health insurance and a reformation of divorce laws by the 

government of the day. The period until 1984 was thus characterised by an increase 

in the functionality of the systems from the social perspective, as both the feelings of 

security and fulfilment increased. The natural system had been losing its 

functionality since early European settlement began. In the early 1980s, the need to 

conserve the environment was becoming more obvious worldwide. An increase in 

the functionality of the natural system is observed as recycling efforts commenced 

and a number of habitats were set aside for conservation purposes. Coinciding with 
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this, the previously increasing energy consumption of both the transport and 

residential energy sectors started to decrease. Despite these efforts, it is observed 

that the functionality of the natural system continued to decrease, meaning that it 

remained unable to provide its functions to a satisfactory level. 

 

The early 1980s were characterised by a new ambitious entrepreneurship. The 

government’s involvement provided the necessary infrastructure to support 

economic interests, reflected by an increase in systems functionality from the 

economic perspective in the period 1985–1989; Western Australia was regarded, at 

that time, to be the land of opportunity. Despite the above, crime rates increased 

over the same period and the level of fulfilment of the members of the society 

decreased, resulting in a decreasing functionality from the social perspective. 

 

The stockmarket crash in 1987, followed by an increase in unemployment, a 

decrease of government spending on infrastructure and a decrease in disposable 

household income resulted in an immediate decrease of functionality of the 

economic perspective over the period 1982–1992. Despite the above, the overall 

functionality from the social perspective increased, reflecting a sustainable growth 

rate of 1.5% and the increasing functionality of the provision of essential services, as 

the cost of food and housing became more affordable compared to the household’s 

gross disposable income; the percentage change in average pensions became more 

than double the change of the CPI. 

 

The functionality from the economic perspective developed an increasing trend 

during the last decade. This is due to an increase in individual consumption of goods 

and services in the late 1990s and a gradual upsurge in resource and agriculture 

exporting industries. In addition to the above, international tourism has developed 

significantly and highly educated workers and professionals are entering the market, 

providing the necessary human capital to support economic growth. 

 

Despite the increase in functionality from the economic perspective, the 

functionality from the social perspective has decreased or has levelled off over the 

past decade. From the period 1980–1984 until today, the impact of crime has been 
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increasing. In addition to this, the functionality of essential services has decreased 

during the last five years, as the cost of food and housing increased compared to 

household disposable income and the fraction of medical fees covered by Medicare 

decreased. A 26% increase in suicide rates since the period 1975–1979 provides 

further evidence supporting the decrease of functionality from the social perspective. 

 

Finally, functionality from the natural perspective has been decreasing mainly due to 

the continuous loss of biodiversity, the increasing number and usage of private 

vehicles instead of public transport, the increasing waste disposal to landfills and the 

degradation of the soil. To justify the above it should be stated that Perth has the 

highest car use of all cities in Australia – 20% higher per person than Sydney 

(Newman and Kenworthy, 1999). Further, the increase in salt-affected areas is 

predicted to result in enormous changes of biodiversity in the short term, with the 

disappearance of most or all of the remaining natural system components 

(Department of Environment of Western Australia, 2003). 

 

The functionality from the natural perspective and the functionality of the natural 

system are currently both performing at a functionality of lower than 50%. Measures 

have been taken to support or improve the condition of the natural system, and these 

seem to be leading to a stability of its functionality. This last statement, however, 

requires closer, more careful examination, as it can prove to be misleading. As 

discussed above, it is possible to have sustainable systems with a near constant level 

of functionality of less than 1. A sustained or slightly improving functionality does 

not mean that the system is functioning at a satisfactory level or that the system will 

continue to function as it does, as it may include the ‘seeds’ of its own ‘destruction’ 

(Holling, 2001). The domain will malfunction when the functionality of the 

(perspectives, system) elements have decreased sufficiently to trigger a total 

collapse. It is therefore concluded, that if certain system or perspectives function far 

from 1 (or 100%), the domain can be assumed to contain a set of sick, under-

performing systems, that may face a sudden collapse in the future, as its low 

functionality has made it vulnerable to external influences. Based on the above it is 

possible that the natural system has been damaged to the point where it is no longer 

propagating biodiversity in its own right, but rather needs to be cared for as we care 
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for a garden; the species remain, but they are no longer functioning in an ecological 

sense. Clearly, Western Australia must act urgently towards understanding the 

sources of biodiversity loss and develop management methods (Common and 

Norton, 1992) to return greater functionality to the natural system. 

 

The above discussion may be captured in one simple overview by plotting a pie 

chart where the weightings determine the sector widths and the average indicator 

values are represented as the sector lengths. In elements (j, k), with more than one 

function within the element, the functionalities are represented as sector lengths 

proportional to the individual index value. This representation is called the ISF Chart 

and is shown in Figure 2.3 for the period 2000–2004. Also shown at the perimeter of 

the figure is the percentage change of the functionality in each of the ISF Matrix 

elements over the previous period 1994–1999, extending beyond 1 when there was 

an improvement and encroaching into the pie chart when there was a decrease.  

 

We may use this figure to summarise the major factors brought to light by the ISF 

methodology and already discussed above in some detail. First, the highest 

performing system is the economy, but only from the economic perspective. Further, 

as seen from Figure 2.3 it is also the element where the greatest increase in 

functionality was observed (22%). However, the weighting attached to this element, 

according to the survey, is quite low which highlights a major contradiction in our 

society’s endeavours. This point is reinforced by the bar chart at the bottom of 

Figure 2.3 that shows that the economic perspective is contributing last to the overall 

value of ISF in the period 2000–2004. The individual and social systems together 

have a weighting considerably larger than the ecological system that received the 

lowest weighting and is also now only barely functioning. The social and individual 

systems were found to be functioning at only around 50–60% indicating that these 

systems are in need of attention. Together, the ISF Chart clearly shows that all the 

emphasis placed on the GSP by all stakeholders and especially the media is 

completely misplaced. 
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2.6 Conclusion 

The ISF is a new framework that provides a quantitative and adaptive, over time, 

assessment of sustainability by examining the degree of functioning, or 

functionality, of a domain’s component systems rather than merely examining the 

depletion of the various standing stocks in a domain. Further its strength lies in its 

suitability as a measure for a diverse set of domains, the ability to capture 

interactions between systems, the multilevel description of detail in the definition of 

systems and perspectives and the separation of weighting that can change over time, 

from the quantitative measure of sustainability. The Index can be used to examine 

the absolute functionality of a single domain over time by drawing an analogy with 

stationarity in a time series analysis, or be used in a relative sense to compare new 

developments for the same domain or even to compare developments and trends 

between different domains. It should be noted however that the indicator does not in 

general qualify as a transitive preference indicator. It is therefore useful as a partial 

indicator, leading to possible comparisons but not (in general) to global preferences 

in environmental policy problems, 
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CHAPTER 3. 

THE SUSTAINABILITY-RESILIENCE ARCHITECTURE 
 
 
 
 
In the previous chapter we developed a process-based rather than potential-based 

measure of sustainability, which accounts for subsystem interactions and provides 

an overall measure of system’s health. Although the ISF can be used to understand 

the importance of considering process functions and interactions and raise 

awareness of the inefficiency of potential based management methods, it remains a 

linear indicator in its aggregate form. As such it does not provide a clear indication 

of overall system’s vulnerability (i.e., what does 60% functionality mean versus 70% 

or 80%) and is characterised by limited predictive capacity. In this chapter we aim 

to go further and define the structural elements that influence system adaptive 

capacity. We develop a theoretical framework that captures the non-linear 

interactions of system components, describes system behavior and dynamics and 

identifies early signs of system rigidity or vulnerability 
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3.1 Abstract 

In light of the latest developments in the area of socio-ecological systems resilience 

we call for a paradigm shift in corporate strategic management towards the 

preservation of complex systems resilience in contrast to robustness. We develop a 

new research method that utilizes measures of sustainability and resilience to 

interpret and predict the condition of the complex corporate system. We test the 

validity of the framework through a historical case analysis of the Ford Motor 

Company. This leads to the development of theoretical propositions for further 

research and a set of suggestions for corporate managers. 

 

3.2 Introduction 

“The oak one day says to the reed:  

—You have a good right to blame the nature of things: A wren for you is a heavy 

thing to bear. The slightest wind which is likely to wrinkle the face of the water 

compels you to bow your head. While my brow, like Mount Caucasus, not satisfied 

with catching the rays of the sun, resists the effort of the tempest. All for you is north 

wind, all seems to me soft breeze. Still, if you had been born in the protection of the 

foliage, the surrounding of which I cover, I would defend you from the storm. But 

you come to be most often on the wet edges of the kingdoms of the wind. Nature 

seems to me quite unjust to you.  

—Your compassion, answered the shrub, arises from a kind nature; but leave off this 

care. The winds are less fearful to me than to you. I bend and do not break. You 

have until now, against their frightening blows, stood up without bending your back. 

But look out for what can be. 

 —As the reed said these words, from the edge of the horizon furiously comes to 

them, the most terrible of the progeny which the North has till then contained within 

it. The tree holds up well; the reed bends. The wind doubles its trying; and does so 

well that it uproots that, the head of which was neighbour to the sky, and the feet of 

which touched the empire of the dead.” 

The Oak and the Reed, By Jean de La Fontaine 
Translation by Eli Siegel 

Corporations are complex systems that start their existence as flexible and fragile 

reeds. Gradually they develop the structure and tactics that enable them to manage 

the blows of competition and environmental change. Survival, growth, goal 

attainment and increase of various forms of internal potential are attributed to a 

combination of managerial actions, which when taken together can result in the 

formulation of a successful corporate strategy. Success however comes with the risk 

of transformation from a reed into an oak, able to withstand everyday wind without 
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bending, only to realize that the inability to bend will result in a serious break when 

stronger wind occurs.  

 

There is growing evidence in complex socio-ecological systems research that 

managerial efforts aiming to increased system potential affect the system’s internal 

structure. Increasing complex systems wealth is correlated with increase in system 

rigidity and loss of adaptive capacity, resulting in less resilient systems that may 

suddenly collapse upon an internal or external disturbance (Holling, 2001). In the 

case of the corporate system, a link between corporate success and the development 

of a rigid monoculture has been established in the literature. Miller (1993) analyzes 

a number of managerial, cultural, structural and process factors that over time 

produce a narrow focus of world views, goals and strategies within successful 

organizations. March (March, 1991; March and Weil, 2005) attributes the causality 

of this phenomenon to another underlying factor, the process of organizational 

learning. In the short run, exploitation (i.e., improving efficiency of existing skills) 

produces greater and more reliable returns than exploration (i.e., looking for new 

possibilities) both at the corporate and at the individual employee level. Incremental 

successes achieved through exploitation tend to discourage exploration, resulting in 

cycles of exploitation reinforcement. Both March (1991) and Miller (1990; 1993) 

agree that although strategic focus and incremental adaptation can bring about initial 

success, the benefits of such tactics will decrease with time, ultimately triggering 

corporate failure. 

 

Performance measures and assessment processes play a crucial role in the 

reinforcement of organizational learning models, as well as directing strategic 

thinking. The managerial challenge lies in examining corporations as complex, 

dynamic systems, which interact with their socio-economic and natural environment. 

In an effort to capture and manage these interactions, corporate performance 

measures have been advanced from traditional accounting measures to multiple-

perspective, more complex measures, commonly referred to as triple bottom line, 

sustainability or balanced scorecards. Researchers continuously advance existing 

and develop new sustainability measures and frameworks, aiming to improve eco- 
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and socio- effectiveness, eco- and socio- efficiency and resolve the “integration 

challenge” (Schaltegger and Burritt, 2005: 192) of sustainability.  

 

However, all these sustainability measures have only achieved “peripheral 

improvements in areas such as public relations or stakeholder engagement, rather 

than in the DNA of the relevant company’s business model” (Elkington, Emerson, 

and Beloe, 2006: 8). The majority of these efforts are built on the same conceptual 

assumptions as their predecessors, the accounting theories, approaching the 

corporation as a closed system and conducting predictions using linear mathematics. 

As Kirkegaard (1997: 119) notes “such predictions are really little more than 

superstitions”. Corporations are open systems and therefore any such linear 

assessment and projection of their performance in the future becomes scientifically 

invalid. 

 

Consequences of such practices extend further than their limited predictive capacity. 

Organizational behavior is dependent upon past goal setting and attainment levels 

and there is therefore a tendency to set continuously higher targets, once previous 

goals are achieved (Lant, 1992; Levinthal and March, 1981). Linear assessment 

methods encourage managers to seek continuous incremental improvements, 

fostering exploitation and oversimplifying the dynamic, non-linear strategic 

interactions between corporate actors and their performance.  

 

Despite recent advancements in the area of complex systems resilience, little 

theoretical and empirical work has been done on the integration of resilience within 

corporate strategy and the development of appropriate measures to guide this 

process. Corporate resilience has been “inadequately theorized” and it often appears 

not as a component of corporate strategy, but rather as a “residual to explain 

instances when an organization unexpectedly survives or thrives” (Sutcliffe and 

Vogus, 2003: 99). In this chapter we aim to tie the concepts of sustainability and 

resilience, and explore their potential contribution in corporate strategy formulation. 

In order to achieve that, we firstly review the concepts of corporate sustainability 

and resilience in the literature, identifying differences between schools of thought 

that have introduced multiple definitions and applications of the concepts. We then 
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introduce Holling’s (2001) ideas on resilience in the corporate context and use this 

as a basis to develop a non-linear strategic framework of corporate transformation, 

the Sustainability-Resilience (S-R) Architecture. A corporate application is used to 

test our central hypothesis and to develop a set of exploratory propositions. We 

conclude by pointing out directions for further research. 

 

3.3 Concepts in the literature 

 

3.3.1 Engineering vs ecological resilience 

The term “resilience” has been applied in engineering, ecology, psychology and 

business and has been attributed multiple meanings. Resilience in core physics and 

engineering is the ability of the system to absorb disturbances and consecutively 

return to equilibrium. A perfectly resilient system in that respect is for example a 

perfectly elastic mechanical system, where any energy that is absorbed can be 

emitted without any losses, returning the system to its previous stable state. Some 

earlier approaches to ecological resilience focus on resistance to disturbance and 

return to equilibrium (Pimm, 1984), providing an interpretation that is close to the 

engineering definition. These approaches recognize a single stable state where the 

system can return after perturbation and are usually applied to improve systems 

efficiency. 

 

However, another concept of resilience, more appropriate for the examination of 

complex system dynamics has originated from the field of ecology (Holling, 1973; 

Holling and Meffe, 1996). This school of thought accepts increased fluctuation and 

transformation between multiple equilibrium states. Gunderson and Holling later 

transferred the concept and illustrated its applicability to complex socio-ecological 

systems (Gunderson and Holling, 2001; Holling, 2001), defining resilience as “the 

ability of a complex system to resist external disturbances and persist” (Holling, 

2001: 400). Following their work a new body of research has evolved. Special issues 

of the Ecology and Society and the Environment and Development Economics have 

focused on the resilience of socio-ecological systems and its connection to 

sustainability (Perrings, 2006; Walker et al., 2006). The focus shifts from systems 

efficiency to maintenance of critical system functions and processes, as a small 
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number of critical processes are believed to drive complex systems’ self-

organization abilities (Gunderson and Holling, 2001; Holling, 2001). Researchers 

recognize that a complete body of theory has not yet developed and resilience of 

complex socio-ecological systems is considered to be a promising framework or 

approach that can increase our understanding of complex system interactions 

(Anderies et al., 2006). 

 

Holling’s adaptive cycle (2001), illustrates the relationships between system 

resilience, system wealth and internal controllability during complex systems 

transformations. System wealth is defined as “the inherent potential of a system that 

is available for change” (Holling, 2001: 394) and internal controllability is “the 

degree of connectedness between internal controlling variables and processes” 

(Holling, 2001: 395). Increased system wealth during the exploitation stage of the 

system (indicated by the black highlighted area in Figure 3.1) is synchronous with 

increase in internal controllability. 

 

Figure 3. 1 Adaptive cycle  
 

 

 

Note: r, K, Ω and α stand for the functions of exploitation, conservation, release and reorganization 

respectively. Adjusted from Holling (2001) 

 

The system increases its ability to control its own destiny; however at the same time 
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shocks, reducing its adaptive capacity (Holling, 2001)4. This school of thought 

seems to advocate that there is adaptation to frequent versus rare changes, both in 

occurrence and in magnitude. However other researchers have shown that over-

accumulating small interruptions can also cause a shift from a resilient to a fragile 

system (Rudolph and Repenning, 2002). It is critical to recognize that a complex 

system can operate in more than one adaptive cycle or functional level. A vulnerable 

system (i.e., a system with decreased adaptive capacity) under perturbation may 

undergo a transformation exiting the current adaptive cycle and entering a less 

productive cycle.  

 

3.3.2 Organizational resilience 

Overall there is little systematic work on organizational resilience which has 

received little independent attention, as related work appears scattered in literatures 

of high-reliability organizing and organizational learning (Sutcliffe and Vogus, 

2003: 99). Some approaches to organizational resilience are influenced by the 

engineering definition of resilience, interpreting resilience as the “capacity to be 

robust under conditions of enormous stress and change” (Coutu, 2002: 52). The 

ability to withstand stress is translated into the ability to respond while avoiding 

engagement in regressive behavior (Horne, 1997). Such approaches commonly 

promote top-down management, aiming to increase the controllability of the system. 

They fail however to recognize the vulnerability that is introduced by such 

managerial approaches, that can result in the development of systems that act as 

robust oaks instead of adaptive reeds. 

 

Furthermore organizational resilience has also been defined as a set of social skills, 

rather than a result of structural and functional elements of the organization. Some 

researchers have focused on the importance of organizational culture and human 

resources management in developing organizational resilience. According to this 

school of thought organizational resilience “builds on the foundation of the 

resilience of members of that organization” (Riolli and Savicki, 2003: 228) and it  

                                                 
4 The term adaptive capacity has been defined by Holling (2001: 394) as “the resilience of the system, 
a measure of its vulnerability to unexpected or unpredictable shocks”. The terms resilience and 
adaptive capacity have therefore been used interchangeably within this document. 
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requires “people who can respond quickly and effectively to change while enduring 

minimal stress” (Mallak, 1998: 8). Various behavioral characteristics have therefore 

been proposed as contributors to organizational resilience. Examples include 

Horne’s (1997) seven streams of behavior; Mallak’s (1998) principles and Coutu’s 

(2002) organizational resilience characteristics, being a staunch acceptance of 

reality, a deep belief that life is meaningful and the uncanny ability to improvise. 

There is some merit in this research stream, which aims at the development of a 

“minimally defensive social system of collaboration and participation that is capable 

of responding to change” (Diamond, 1996: 227). However these interpretations are 

still incomplete, as they fail to link these behavioral expressions to complex system 

dynamics. 

 

Viewing resilience as adaptability in the context of being able to “rebound from 

adversity strengthened and more resourceful” (Sutcliffe et al., 2003: 97) is observed 

in the literature of high reliability organizations (HRO’s). HRO’s are organizational 

systems in which “reliability is a more pressing issue than efficiency”, as failures 

can escalate rapidly causing wide scale damage (Weick, 1987). Examples of such 

systems include nuclear power generators, aircraft operations, air traffic control 

systems, emergency medical treatment, continuous processing firms and wildland 

firefighting crews (Weick and Sutcliffe, 2001). The unique characteristic of such 

organizations is that although they do not focus primarily on efficiency increase, 

exploration is not an alternative option for organizational learning due to the 

prohibitively high cost to failure ratio. This consecutively leads to the development 

of an array of adaptive strategies such as decentralized decision making dynamics 

that allow “migration” of decisions in search for the person of higher expertise or 

tenure on the job (Roberts et al., 1994) and a “reluctance to simplify interpretations” 

coupled with high “sensitivity to operations”, which result to well developed 

situational awareness and the acknowledgement of troublesome situations in their 

infancy (Weick and Sutcliffe, 2001). Failures within HRO’s do take place, there are 

however sophisticated structural and cultural mechanisms in place to reduce the 

number of such occurrences or manage to contain them in smaller scales, avoiding 

large scale collapse. It is important to note that HRO’s achieve high reliability at a 

technical level. The challenge lies in transferring learning from the operational to the 
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corporate strategy level and the quest for long-term corporate survival or resilience. 

In doing so one must be aware of the differences in cost to failure ratios as well as 

the increased complexities and interrelations when dealing with larger-scale 

complex system management. 

 

Organizational resilience has more recently been examined as the “primary strategic 

purpose of complexity logic” (Lengnick-Hall and Wolff, 1999: 1118), viewing 

complexity as an independent research stream, where predictability and control over 

market conditions is limited and where small changes in initial conditions can result 

in great variety of outcomes (Lengnick-Hall and Wolff, 1999). The objective of 

survival is differentiated from the improvement of performance, with some 

researchers advocating the need for a dual management mode, where the linear 

success criteria are applied in stable conditions, whereas resilience criteria substitute 

those in conditions of turbulence (Dervitsiotis, 2003). Others conceive resilience-

focus management as a continuous anticipation and adjustment to disturbances that 

can permanently impair the earning capacity of the corporation (Hamel and 

Valikangas, 2003). In all cases however, management for resilience diverges from 

optimization and requires the development of the ability to balance efficiency and 

adaptability, “unity and diversity” (Hamel and Valikangas, 2003: 63).  

 

3.3.3 Corporate sustainability: Legitimacy and utilitarian arguments 

The concept of corporate sustainability originates from a variety of fields of socio-

ecological research. Corporate sustainability has a legitimacy/ethics dimension. 

Historically the contribution of business to society, especially through acts of 

charity, fairness and stewardship, is evident even from the early nineteenth century 

in the form of a paternalistic capitalism (Smith, 2003; Van Marrewijk, 2003). 

Building on previous works a new field of business ethics emerged in the late 1960s 

and early 1970s. Concepts such as corporate social responsibility, corporate social 

responsiveness, and corporate social performance were developed and 

communicated to the business society. In an effort to answer the question to whom 

does a corporation have responsibility three approaches have evolved in the 

literature, the shareholder, the stakeholder and the societal approach (Van 

Marrewijk, 2003). The stakeholder approach (Freeman, 1984) has penetrated the 
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(corporate) sustainability movement, evident by its inclusion in corporate and 

general sustainability frameworks (e.g., Azapagic, 2003, 2004; Azapagic and 

Perdan, 2005; Imberger et al., 2007; Labuschagne et al., 2005; MacDonald, 2005; 

Steurer et al., 2005). 

 

Ecologists and economists acknowledge the ethical dimension of sustainability; they 

base however their analysis on utilitarian/functional arguments. A widely used 

utilitarian argument is that the earth cannot sustain the current rates of human 

development, due to resource depletion, pollution and one of its global effects, 

global warming. Human activity is claimed to be “reducing future potential 

biophysical carrying capacities” (Daily and Ehrlich, 1992: 762) of our planet. This 

stress placed on the environment has been proven to have human health, economic, 

social justice and national security implications (Lubchenco, 1998), further 

justifying its utilitarian urgency. 

 

An attempt to address this challenge is the call for capital maintenance, a form of 

application of the precautionary principle. Proponents of this concept advocate that 

non-diminishing net capital should be a “prudent minimum condition” (Costanza 

and Daly, 1992: 37) for sustainable development. The level of substitution between 

different forms of capital has been a contradictory point in the capital maintenance 

literature, linked with the definitions of strong and weak sustainability (Schaltegger 

and Burritt, 2005). Application of the precautionary principle has also taken another 

form, based on Arrow and Fisher’s claim that “expected benefits of an irreversible 

decision should be adjusted to reflect the loss of options it entails” (1974: 319). In 

this case scientists apply a cost-benefit analysis and base their arguments on 

discretionary judgment. In all cases however “clear guidelines are still lacking for 

the weight of evidence needed to trigger the principle, and for deciding which of the 

large range of precautionary measures should be applied in given circumstances” 

(Foster et al., 2000: 981). 

 

The development of a new field of business ethics in the 1970s has acknowledged 

that the distinction between ethical and utilitarian arguments is unclear as altruistic 

and self-interested motives are commonly mixed (Stark, 1993). Furthermore, ethical 
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considerations have utilitarian effects and vice versa, with the strongest example 

being the complex two-directional links between poverty, inequality and 

environmental degradation (Hart, 1997; Lele, 1991). The effects of world income 

distribution on environmental degradation are linked with one of the greater 

criticisms of the applicability of the environmental Kuznets curve (Kuznets, 1963) 

model. The model proposes that there is an inverted U-shape relationship between 

environmental degradation and income per capita, and therefore further economic 

development will eventually reduce environmental degradation. However this 

proposition is dependent on the assumption that world per capita income is normally 

distributed and as in reality median income is far below mean income, the Kuznets 

curve method has limited applicability (Stern et al., 1996). 

 

Consistent with the above analysis, corporate approaches to sustainability 

increasingly combine ethical and utilitarian perspectives. Various sustainability 

scorecards are prevalent in the areas of corporate sustainability reporting (Global 

Reporting Initiative, 2002) and sustainability assessment (Dow Jones Sustainability 

Indexes, 2004). Such frameworks reflect the triple bottom line concept (Elkington, 

1994), which has grown to be the “best known aspect of corporate sustainability” 

(Schaltegger and Burritt, 2005: 189), commonly coupled by a fourth dimension of 

corporate governance. 

 

3.3.4 The strategic focus concern: a resolution 

The importance of encompassing sustainability as a corporate strategy has been 

stressed in literature (Hart, 1997); however in most cases sustainability is not 

integrated in the core business model (Elkington et al., 2006: 17). Managers 

approach corporate sustainability as an “unavoidable consequence of the critical 

interdependencies that exist in a firm and among its [stakeholders]” (Perrini, 2006: 

73) and sustainability concerns are rarely part of corporate strategy and decision 

making at upper corporate levels. Sustainability departments are commonly 

progressions of previously called health and safety or environmental management 

departments, with very limited influence on corporate decision making centres. 

Mitigating the negative effects of corporate activity on society and the environment 

is primarily seen as a method for reducing the risk of stakeholder pressures. Risk 
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assessment, cost-benefit and real options methods are applied to translate social and 

environmental liabilities in financial terms and support managerial decision making 

under uncertainty. But why would managers want to do otherwise? 

 

Environmentally and socially sensitive consumers, investors and citizens are 

empowered to “buy or boycott goods and services, to stock-pick company shares, 

and to use their voting power and other means of political pressure” (Lesourd and 

Schilizzi, 2001: 379), thus contributing to the reduction of costs and increase of 

benefits of responsible corporate management. Statistical research indicates that the 

benefits of improved corporate environmental behavior exceed its costs (Russo and 

Fouts, 1997), however evidence is mixed as the relationship between social, 

environmental and economic performance is very complex and not linearly 

expressed. There are clearly cases where corporate responsibility can increase and 

others where it will decrease corporate profitability (Klassen and McLaughlin, 

1996). According to McWilliams and Siegel (2001) these inconsistent evidence are 

due to lack of theoretical propositions linking corporate social responsibility to 

market forces, and they conclude that the relationship between profitability and 

corporate responsibility is neutral and like any other attribute it depends on cost and 

demand functions. The argument that achieving competitive advantage through 

corporate sustainability strategies is the only way of the future (Elkington, 1994) has 

not been verified in practice. On the contrary, empirical research has shown that 

intrinsic stakeholder relationships do not drive corporate strategy and firms address 

stakeholder concerns only when they believe that it will improve their financial 

performance (Berman et al., 1999). 

 

The empirically observed lack of strategic focus in corporate sustainability 

applications can be partially justified if we refer back to the definition of 

sustainability. Sustainability aims at the satisfaction of needs of current and future 

generations (Brundtland, 1987), clearly focusing on elements external to the 

corporation as opposed to internal. Although pursuing corporate sustainability can 

provide direct or indirect benefits to the corporation -through exploitation of market 

niches, risk reduction, market perception, investor attraction, employee satisfaction, 

etc - this is not always the case. We therefore choose to classify sustainability in our 
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analysis as a parameter that has a primarily external focus to the organization. 

Differentiating between internal and external elements of corporate strategy is 

common in the management literature. Some prominent examples include the design 

school’s distinction between internal strengths and weaknesses and external threats 

and opportunities, the two streams of the power schools literature around micro 

power strategies within the organization and macro power strategy development 

within the corporate network, the primarily external focus of the positioning school 

and the internal focus of the cognitive, learning and cultural schools of strategy 

formation5. 

 

Applying this concept we shall define corporate sustainability as “the satisfaction of 

corporate stakeholders’ needs at any given point in time”. This definition does not 

exclude nor favors neither the ethical nor the utilitarian reasoning of the concept. 

The reference to a given point in time increases the functionality of the definition, as 

it eliminates the uncertainty and difficulty associated with defining the needs of the 

future, a common criticism of the Brundtland (1987) definition. It furthermore can 

be seen as an adjustment of the Brundtland definition to the corporate context, 

replacing the “needs of future generations” of a wider society with the needs of 

corporate stakeholders. Reference to the stakeholder theory within corporate 

sustainability definitions is very common and serves the purpose of providing a 

primarily external focus to the concept. Stakeholder interests are external to the 

corporation and can only be internalized indirectly to some degree. Stakeholders 

develop influence strategies to pursue their divergent interests, commonly through 

conflicts that arise between stakeholders and the corporation, as well as among 

stakeholder groups (Frooman, 1999). 

 

Complex systems resilience on the other hand has primarily an internal focus, as by 

definition it refers to the interests of the system under examination. When 

approaching corporate resilience as the resilience of the corporate entity the concept 

becomes directly linked to structure and strategy that ensures the entity’s long-term  

                                                 
5 For definition and analysis of the mentioned schools of strategy formation and their primary 
proponents refer to the work by Mintzberg and Lampel, 1999. 
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survival. We shall define corporate resilience as “the ability of the system to adapt 

to internal and external disturbance and survive in the long-term”. This definition 

directs away from the engineering definition of resistance to change and return to 

equilibrium, as well as definitions based on behavioral expressions of individuals 

within the organization. It applies instead elements of complexity logic such as 

adaptability and acceptance of fluctuations between multiple system states. 

 

3.4 Measuring corporate resilience 

There are multiple techniques for measuring stakeholder satisfaction, for example, 

information and attribute satisfaction analysis (Strong et al., 2001), customer and 

employee satisfaction surveys deployment (Dahlgaard and Dahlgaard, 2002), and 

use of research database measures for multiple firm analysis (Berman et al., 1999; 

Hillman and Keim, 1999). On the contrary, due to the multiple definitions of 

resilience and the limited application of the concept in corporate systems, corporate 

resilience measures are not readily available. We felt that a proposition of suitable 

resilience measures is necessary to achieve a clear understanding of the concept by 

the reader, prior to the analysis of the Sustainability-Resilience framework that 

follows. Reviewing advancements in the area of socio-ecological systems resilience 

we have identified seven elements that determine the resilience level of complex 

systems (Table 3.1). The proposed Trivium and Quadrivium of resilience is 

composed of three structural and four functional measures. 



C h a p t e r  3  | 51 

 
Table 3. 1 The Trivium and Quadrivium of Complex Systems Resilience 

 

Elements Researchers Findings 
1. Connectivity (Janssen et al., 2006) Connectivity has two aspects, density and reachability. Density is expressed as “the number 

of links divided by the maximum possible number of links” and reachability is “the extent to 
which all the nodes in the network are accessible to each other”. The relationship between 
connectivity and resilience is context dependent. High connectivity may result in good 
information exchange and infusion of innovations, however low connectivity may increase 
diversity, create local efficient clusters and limit implications from disturbances at a local 
scale. 

 (De Leo and Levin, 
1997) 

Multisector partnerships can assist stakeholders in identifying linkages between systems and 
reach an agreement for the importance of system services.  They can also act as mechanisms 
that insert science in the decision making process. 

 (Folke et al., 2005) “Bridging organizations" can assist in conflict resolution, reduce the costs of collaboration, 
support self-organization and promote creativity in adaptive comanagement of socio-
ecological systems. 

 (Berkes, 2006; 
Gunderson and Holling, 
2001; Hughes et al., 
2005; Olsson et al., 
2006) 

The importance of recognizing and managing links between actors or systems at multiple 
scales in time, space and governance levels. 

2. Centrality (Janssen et al., 2006) The level of centrality of an actor depends upon the number of links between the actor and 
other actors and upon the distance that these links expand beyond the actor’s local network 
neighborhood. The effects of centrality on system resilience are also context dependent. 
High centrality can result in efficient coordination when solving simple tasks and higher 
actors’ accountability, low centrality can result in robustness to the removal of network 
nodes, higher group efficiency when solving complex tasks and perception of the network as 
more fair and open. 
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Table 3. 1 The Trivium and Quadrivium of Complex Systems Resilience (continued) 

 

Elements Researchers Findings 
2. Centrality 
    (continued) 

(Young, 2006) “Cross-level interactions among scale-dependent regimes can result in patterns of 
dominance, separation, merger, negotiated agreement, or system change. The mechanisms 
that determine which of these patterns will occur include authority/power differentials, 
limits of decentralization, dueling discourses, cognitive transitions, and blocking coalitions” 

 (Hotimsky et al., 2006) Mechanism of institutional change: weakening of elites and strengthening of subordinate 
groups. 

3. Self-organization (Abel et al., 2006) The capacity to self-organize is a critical source of resilience, however maintaining this 
capacity can be costly. Excessive external subsidization can lead to the opposite effect, 
reducing self-organization and as a result increasing the vulnerability of the broader system. 

 (Folke et al., 2005) “Adaptive governance systems often self-organize as social networks with teams and actor 
groups that draw on various knowledge systems and experiences for the development of a 
common understanding and policies.” 

 (Olsson et al., 2004a) “The self-organizing process of adaptive comanagement development, facilitated by rules 
and incentives of higher levels, has the potential to expand desirable stability domains of a 
region and make social-ecological systems more robust to change.” 

4. Flow of capital (Abel et al., 2006) Capital fluctuation patterns vary in the reorganization phase of SES. In this process the 
importation of capital from larger scales contributes to system recovery. However excessive 
subsidization may reduce the ability to self-organize. Reorganization without fundamental 
change and reorganization with fundamental change require investment in different types of 
capital. 

 (Gunderson et al., 2006) Systems rich in resources and capital may invest their resources on sustaining current 
conditions and prevent change, thus repetitively failing to learn from their mistakes. More 
flexible, open systems with limited resources may have greater learning capacity and thus 
resilience. (Everglades vs the Northern Highlands Lake District in Wisconsin and the 
Kristanstad Vattenrike in Sweden)  
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Table 3. 1 The Trivium and Quadrivium of Complex Systems Resilience (continued) 

 

Elements Researchers Findings 
4. Flow of capital 
    (continued) 

(Carpenter et al., 2006) There is a complex relationship between poverty and provision of ecosystem services. 
System resilience can be build through regulating ecosystem services and biodiversity.  

 (Anderies et al., 2006; 
Deutsch et al., 2003; 
Rodríguez et al., 2006) 

There are a few key controlling variables of any change in a complex socio-ecological 
system. These are usually slowly changing variables and can be related to flows of capital. 
Management should aim to identifying and use these key variables as indicators for change. 
Examples of such variables in ecological systems include the use of sediment phosphorous 
in lake management instead of water quality and the use of woody vegetation in rangelands 
instead of more rapidly changing grass cover. 

 (Folke, 2003; Hughes et 
al., 2005; Jansson et al., 
1999; Olsson and Folke, 
2001) 

“Successful management of target resources in the short term tends to alienate the social and 
economic development process from its ultimate dependence on the life-supporting 
environment”. There is a need for a shift, from command and control management practices 
that reduce the system ability to cope with change, to consideration of the multiple socio-
ecological functions of resources in complex, dynamic systems. Management should focus 
on the development of process oriented measures that capture system dynamics. 

5. Leadership (Cumming et al., 2006) The management processes of socio-ecological systems are commonly designed irrespective 
of the scale of ecological processes. This can contribute to a decrease of system resilience, 
mismanagement of natural resources and decreased human well-being. Resolution of scale 
mismatches, involving redesign of management initiatives and institutions is an important 
contributor to system resilience. 

 (Olsson et al., 2006) Key leaders and shadow networks -informal networks that increase information flows- are 
critical in preparing a system for change by “exploring alternative system configurations and 
developing strategies for choosing from among possible futures”. Leaders can identify 
windows of opportunity and promote novel ideas. Leadership functions include “the ability 
to span scales of governance, orchestrate networks, integrate and communicate 
understanding, and reconcile different problem domains”. 
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Table 3. 1 The Trivium and Quadrivium of Complex Systems Resilience (continued) 

 

Elements Researchers Findings 
5. Leadership 
    (continued) 

(Butler and Oluoch-
Kosura, 2006; Carpenter 
et al., 2006) 

Our understanding of complex socio-ecological systems functions is limited; therefore 
management should utilize scenario building and small scale experiments that can facilitate 
adaptive learning. 

 (Elmqvist et al., 2004; 
Olsson and Folke, 2001; 
Olsson et al., 2004a) 

The importance of comanagement processes, where scientific knowledge is combined with 
local knowledge and experience, in achieving adaptive management of socio-ecological 
systems. 

 (Folke et al., 2005) Social sources of social-ecological system renewal and reorganization include key 
individuals, who “provide leadership, trust, vision, meaning and help transform management 
organizations toward a learning environment”. 

 (Olsson et al., 2004b) A key leader can play an instrumental role in directing change and transforming governance: 
the example of an adaptive co-management system for wetland landscape governance in 
southern Sweden. 

 (Wallace, 2003) The importance of leadership and team factors such as communication, teamwork, the 
presence or absence of evaluation, organizational culture, and program participants' 
ideologies in socio-ecological system approaches. 

6. Learning (Gunderson et al., 2006) Learning is a “key ingredient for adaptive and transformative capacity”. 
 (Olsson et al., 2006) Building knowledge is a key step in preparing a system for change. Adaptive, learning-based 

approaches to management are necessary and rely on the existence of networks that span 
scales, connecting actors. The existence of learning networks is not sufficient to achieve 
change; the appropriate form of leadership must also be present. 

 (Bradshaw and Borchers, 
2000) 

Scientific uncertainty can confuse public and policy makers, need for increased 
communication for the public to understand the intrinsic nature of scientific knowledge. The 
use of scientific information that includes uncertainty should be conceived as information 
for hypothesis building, experimentation and learning to support decision making and any 
decisions based on such information must be made in the context of uncertainty. 
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Table 3. 1 The Trivium and Quadrivium of Complex Systems Resilience (continued) 

 

 

Elements Researchers Findings 
6. Learning 
    (continued) 

(Olsson et al., 2004b) Understanding, collaborative learning, and creating public awareness are part of the 
transformation process and development of an adaptive comanagement system. They 
conclude that “social transformation is essential to move from a less desired trajectory to 
one where the capacity to manage ecosystems sustainably for human well-being is 
strengthened”. 

 (Pahl-Wostl, 2006) The role of social learning in the transition toward the adaptive management of complex 
systems such as floodplains and rivers. 

 (Roux et al., 2006) A proposition for collaborative learning between “experts” and “users” as a more suitable 
approach compared to knowledge transfer in order to build a knowledge system for the 
sustainable management of ecosystems. 

7. Trust (Adger et al., 2006) Distribution of benefits through the mechanism of trust increases stability and persistence of 
governance systems. Suggests identifying and improving linkages that promote trust while 
avoiding those that weaken trust.  

 (Olsson et al., 2004a) Vision, leadership and trust contribute to the resilience of socio-ecological systems. 
 (Pahl-Wostl, 2006) Building trust and engaging in collective learning in adaptive management. Preserving 

scientific diversity in the process.  
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Systems connectivity, centrality and self-organization are the structural elements of 

the network. In the case of the corporate system we define connectivity as the 

density and reachability among actors (stakeholders) in the corporate network, 

centrality as the power distribution within the network and self-organization as the 

ability of the corporate system to self-organize without external influence. These 

concepts have appeared in a variety of organizational literature streams, including 

corporate performance and strategic decision making. 

 

Centrality at group, intraorganizational and interorganizational levels affects the 

evolution of hierarchy, the power structure that controls strategic interdependencies 

and valued resources (Boje and Whetten, 1981). It is furthermore associated with 

influence in decision making (Friedkin, 1993), innovation (Ibarra, 1993) and 

individual and group performance (Sparrowe et al., 2001). Connectivity within the 

corporate system can have multiple dimensions, i.e., technical, interpersonal, group, 

organizational, network, economic and cultural6. Organizational relations to task 

environment and institutional constituents within the organizational network have 

been widely recognized as determinants of organizational performance and survival 

(Baum and Oliver C, 1991; Oliver, 1997). Furthermore, connectivity has also been 

examined as a public good produced by multi-firm, alliance-based networks (Monge 

et al., 1998); has introduced a new stream of research in the area of organizational 

culture, with a special focus in the cultural complexity of merger and acquisition 

dynamics (Angwin and Vaara, 2005); and has recently been defined as a central 

concept in organizational systems thinking; a determinant of analysis, planning and 

decision making (Mason, 2005). Finally, self-organization has been widely 

examined in economics and within the corporate systems is recognized as a key 

component for understanding transformative change (Lichtenstein, 2000), highly 

related to the innovative capacity of an organizational network (Rycroft and Kash, 

2004). 

 

The functional determinants of resilience are; capital flow, leadership, learning and 

trust within the network. Research in the areas of corporate management has widely  

                                                 
6 For definitions and discussion of connectivity attributes and dimensions see Kolb, 2008. 
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examined the influence of leadership, learning and trust on corporate strategy and 

performance7. Furthermore, the generation of above-normal rates of return from 

various tangible and intangible forms of capital has been the focus of analysis and 

competitive advantage by the resource-based view of the firm (Mahoney and 

Pandian, 1992). We shall define the parameter of capital flows as a measure of the 

effects of capital transformations on the corporate network and include in this 

category elements such as financial capital flows, information flows, social, cultural 

and ecological diversity, pollution generation, rehabilitation, transformation of 

economic value, etc. 

 

Based on evidence in the literature of complex socio-ecological systems (Table 3.1) 

we suspect that there is a non-monotonic relationship between the resilience 

determinants and the level of resilience (Figure 3.2).  

 

Figure 3. 2 Non-monotonic relationships 

 

 

 

 

 

 

 

 

For example increased connectivity may increase information exchange and infusion 

of innovations; however at the extreme levels can severely impact diversity, thus 

increasing the implications of disturbances at the larger scale and overall system 

                                                 
7 For influential work on theories and applications of leadership and corporate performance see 
Bowman and Helfat, 2001; Conger, 1999; Day and Lord, 1988; Thomas, 1988; Yukl, 1989. For 
learning theory and applications in strategic management see Baker and Sinkula, 1999; Dodgson, 
1993; Fiol and Lyles, 1985; Lant et al., 1992; Levinthal and March,1993; Vera and Crossan, 2004. 
For the concept of trust and its relationship to organizational performance see Barney and Hansen, 
1994; Dirks and Ferrin, 2001; Mayer et al., 1995; Rousseau et al., 1998; Zaheer et al., 1998; Zand, 
1972. 
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vulnerability (see Table 3.1 for impacts of increased and decreased levels of 

structural parameters). Similarly, investing in network learning and trust can reduce 

transaction costs and increase economic efficiency; however from a point onwards it 

becomes counterproductive. Evidence in support of this proposition can also be 

found in the area of corporate literature. For example Porter (1990) illustrates how 

reduced capital flows can generate innovation and be turned to competitive 

advantages and how corporate alliances (connectivity and centrality) and 

government influence (self-organization) can increase but also impede innovation 

and should be used selectively. It becomes obvious that determinants of resilience 

are highly context dependent. Furthermore, resilience parameters are also 

interdependent, as for example leadership is interconnected with centrality, and trust 

with the level of connectivity. We are therefore far from developing a single 

quantitative mechanism that would determine the level of resilience. A context-

dependent analysis of all the determinants is required to estimate corporate 

resilience. Further research can be directed towards improving operationalization 

and synthesis of the proposed measures. 

 

3.5 The Sustainability-Resilience Architecture 

The confusion between the two terms –sustainability and resilience- can lead to 

ineffective management of complex systems. It is critical to realize that neither 

sustainability nor resilience should be a target in itself. There can be systems that are 

highly resilient to external disturbance, but not sustainable (i.e., not satisfying basic 

stakeholders needs). For example, highly polluted ecosystems or very large and 

bureaucratic companies that do not satisfy their stakeholder needs may be very hard 

to enter a phase of change and thus can maintain their functional state for long 

periods of time. The other extreme is systems with highly satisfied stakeholders, 

however very vulnerable to a number of critical parameters, internal or external 

system conditions. It becomes evident that the combination of both resilience and 

sustainability is needed for the effective management of complex systems. 

 

The Sustainability-Resilience Architecture combines both parameters, displayed in 

the two axis of the model (Figure 3.3).  
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Figure 3. 3 Sustainability –Resilience Architecture 

 

 

 

 

 

 

 

 

 

 

 

This is not a discrete category diagram. The corporate system fluctuates 

continuously within the four quadrants that express combinations of levels of 

sustainability and resilience. 

 

3.5.1 Quadrant A 

Systems in quadrant A are in a transient mode. Not satisfying stakeholder needs they 

achieve low sustainability levels. Also not having formalized structures and 

processes in place, they are in an unstable state, constantly changing, trying to adapt 

to external disturbances. There is a distinction here between systems that are flexible 

and adaptable to external disturbances and therefore have high levels of resilience, 

and systems in quadrant A. Although very flexible, transient systems in quadrant A 

are highly unstable and may either achieve adaptation or may fail to adapt. In the 

case of failure the system may reach complete destruction or may transform to a 

totally different system, possibly of lesser productivity. 

 

Companies in their early life-cycle pass through this quadrant, as they have not yet 

achieved high levels of neither sustainability, nor resilience. Also companies that go 

through substantial reorganization and restructuring may go through this stage for 
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longer or shorter periods of time, depending on the ability of the change process to 

minimize risk of failure and maintain a level of resilience. In the case of a company 

at early stages of formation we expect all resilience parameters to be 

underdeveloped, and especially the element of flow of capital, as strain of resources 

is a typical condition of start-ups. On the contrary, in the case of reorganization of 

large and well established businesses any one or a combination of resilience 

parameters can be driving a fall of resilience levels. 

 

3.5.2 Quadrant B 

Systems in quadrant B are sustainable, but only under specific conditions, which 

make them vulnerable to change. Such systems achieve stakeholder satisfaction and 

can temporarily disguise their vulnerability. Systems in this category include 

companies that build their competitive advantage solely or largely based on a 

network condition. Such companies are extremely vulnerable to respective 

environmental influences such as: government actions, shift in demographics, 

sociocultural perception, technology development, changes in the natural 

environment, capital market shifts, labor market shifts, regulatory changes, etc 

(Johnson et al., 2005). 

 

Some examples of technological and socio-cultural changes that have historically 

been detrimental to entire industries, include the invention of the cassette that drove 

the vinyl industry obsolete (Manuel, 1991) and the socio-cultural and legal changes 

in the western world that greatly impacted the international tobacco industry 

(Feldman, 2006). In each case the suboptimal elements of resilience will vary. If we 

attempt an industry analysis for the above examples we can hypothesize that in the 

first case connectivity and learning components of resilience were not optimized to 

achieve adaptation and innovation fast enough, whereas in the second case this was 

also coupled with controlled flow of information (capital flow) and thus a 

continuously decreasing level of trust between the consumers and the producers that 

permanently impaired public and government perception. Detailed analysis at the 

corporate level will be needed to explore and confirm such industry trends. 
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In addition to the above, cases of willful corporate fraud and corruption are also 

classified in this quadrant. Examples include the Enron Corporation in the period 

prior to November 2001, which achieved remarkable growth by systematically 

concealing corporate losses and misleading investors and analysts, as well as the 

national oil giant Yukos, 44 percent of which was frozen by the Russian government 

in 2003. This happened after the arrest of its chief executive for fraud and tax 

evasion. Some analysts believe that the case was political, as he had funded 

opposition groups, breaking the tacit agreement he had with the government that 

prevented financial investigations (Johnson et al., 2005). In both cases companies 

were able to disguise their vulnerability and illegal behavior until there was a change 

in the external environment (i.e., financial analysts in the former case and political 

environment in the latter) resulting in disclosure of corrupted leadership and thus 

reduced resilience. 

 

3.5.3 Quadrant C 

Systems in quadrant C exhibit high levels of both sustainability and resilience. A 

company in its later growth stage would in most cases belong in this quadrant. 

Companies in this quadrant have developed a corporate model that capitalizes on 

market conditions through appropriate market and competitor selection and 

successful product, positioning, sourcing and pricing strategies establishing a 

competitive business advantage (Aaker, 1989). Their business model satisfies the 

majority of the stakeholder needs, through the establishment of win-win 

relationships and successful negotiations that generate a high level of stakeholder 

consent over corporate activities. Secondly, these companies have developed 

appropriate structure and processes, both internally and within the network of 

stakeholders that ensure adaptability to change and therefore high resilience. 

 

Typical examples of companies in quadrant C include The Ford Motor Company 

from 1908 till the late 1910s and IBM in the 1970s and until 1984. They were both 

companies with successful business models, providing unique products to the market 

that exceeded stakeholder expectations. Their position in the network structure as 

well as their internal structure and functions allowed capitalizing on the opportunity 

and achieving rapid growth and establishment in the respective industries. One may 
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argue that a car manufacturing company cannot be classified as sustainable, given 

the impact of its operations on the environment. We purposely chose this example 

here to emphasize on the caution needed to assess sustainability in historical cases, 

taking into consideration stakeholder needs that were expressed at that time. 

Environmental concerns were not voiced until much later in the Twentieth Century. 

 

3.5.4 Quadrant D 

Systems in quadrant D are not satisfying the needs of a significant portion of their 

stakeholders. There are obvious signs of decline in the systems performance, which 

can take many forms such as sales, profitability or productivity decline, increased 

employee turnover, customer dissatisfaction, public perception decline, etc. 

However, despite these signs, the system seems to still be able to survive for long 

periods of time. It has managed to develop defence mechanisms, processes that 

maintain current structure and functions, preventing change and reorganization. 

Such systems manage to portray an image of increased resilience, although some of 

the resilience determinants are already in decline, for example the system may be 

highly connected or very loosely connected, or the company structure may be very 

centralized or decentralized or some of the critical functions may be 

underperforming. It is only a question of when these elements will become the 

causes of major organizational change. These systems are just “accident[s] waiting 

to happen” (Holling, 2001: 396), systems that are caught in a rigidity or poverty trap 

and can suddenly collapse upon a disturbance. 

 

The Ford Motor Company in the 1920s and 1930s and International Telephone and 

Telegraph (ITT) from 1971 and until the consolidation of the majority of its holding 

are classified in quadrant D. Both companies formed rigid structures and did not 

enter a transformation stage, although signs of stagnation were obvious. The Ford 

Motor Company failed to adapt to a changing environment between the two world 

wars, where the market had slowed down and moved from first time buyers to 

replacement buyers. Autocratic, over-centralized management failed to respond to 

these changing conditions (Nevins and Hill, 1957, 1963; Watts, 2005). ITT faced the 

opposite challenge, where its expansive business model resulted in over-

decentralization and the transformation of a smart information system to a high level 
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of bureaucracy. Upper management portrayed an image of pseudo-resilience and did 

not realize the danger of insolvency until it was too late (Miller, 1990). 

 

3.5.5 Hypothesis formulation 

If companies tend to display scattered sustainability and resilience values, 

classification in the quadrants will be unfeasible or intermittent, reducing the value 

of the model. The validity of the theoretical framework therefore depends upon the 

confirmation of the following theoretical hypothesis. 

 

Hypothesis 1: A company in any given period of time will either lie in a single 

quadrant or move between quadrants in a successive fashion.  

 

.In order to test the above hypothesis we conducted a historical application of the 

framework to The Ford Motor Company from its conception in 1903 to 1945. A 

historical application was preferred to two or three corporate snapshot studies as it 

can also be used in the future as the first step to understanding movement between 

the quadrants. The subject and period of application were selected based on three 

criteria; being a highly publicized company, passing through highly turbulent 

periods of time, and influencing a large number of stakeholders. Ford Motor 

Company satisfied all three criteria as its history has been studied and discussed in a 

number of referenced publications outlined in the methodology section and as the 

period under examination includes the turbulent times of two world wars and the 

depression. When it comes to stakeholder influence, the Ford Motor Company was a 

major contributor to the development of modern manufacturing processes through 

the invention of the assembly line. Furthermore, with Ford’s Model T vehicle 

becoming “the most common symbol of a new age of material comfort” (Watts, 

2005: 112), the firm became a major catalyst in the development of consumerism 

culture in America in the early 1900s. 
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3.6 The S-R architecture of The Ford Motor Company 1903-1945 

 

3.6.1 Methodology 

Nontechnical literature including referenced publications (Nevins, 1954; Nevins and 

Hill, 1957, 1963; Watts, 2005), Henry Ford’s writings and other company records 

and reports were used as primary data, allowing for triangulation of information in 

order to construct the history of the firm from foundation (1903) to 1945. Scoring of 

the histories of organizations in order to construct a consistent database for studies 

spanning long periods of time has been conducted in the past; the work of Miller and 

Friesen (1977; 1980; 1983) being a characteristic example of such process applied in 

the field of corporate management and lifecycle analysis. We conducted open 

coding (Strauss and Corbin, 1998), analyzing our sources at various scales; line-by-

line, paragraph by paragraph, and holistically, in order to identify and compare 

incidents and event categories that could be grouped within our predefined 

categories of stakeholders’ satisfaction and resilience. Both quantitative and 

qualitative concepts emerged from the data, examples of which are listed in Table 

3.2. We differentiate here between the use of reductionist, linear thinking that 

eliminates links between system components and thus “fails in the quest to 

understand complex systems” (Costanza et al., 1993) and the use of simple measures 

as approximate indicators for the assessment of resilience or sustainability 

parameters. Simple measures can be used to classify firms within the framework and 

do not affect the non-linear character of the framework as they are not used to 

conduct linear predictions. 

 

Data coding quantifies qualitative data, allowing us to perform statistical and other 

mathematical processes of analysis. Comparative analysis of the concepts within in 

each subcategory allowed a scoring of the twelve variables (customer satisfaction, 

shareholder satisfaction, employee satisfaction, Ford dealer satisfaction, wider 

community satisfaction, connectivity, centrality, self-organization, capital flows, 

leadership, learning and trust) and therefore an emergence of the phenomena of 

sustainability and resilience from the data. Scoring was performed on a 10-point 

scale, and corresponded to each event for the respective point in time that the event 

took place. 
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Table 3. 2 Data Coding 
 

 

A. Phenomenon: Stakeholders satisfaction 
Categories Sub-categories 

Customer satisfaction 
 

Sales and production figures, customer complaints 

Shareholders satisfaction 
 

Shareholder dynamics, conflicts, buy offs 

Employees satisfaction 
 

Employee programs, employees’ perception of the 
firm, labor conflicts 

Ford dealers satisfaction 
 

Expressions of satisfaction/dissatisfaction of corporate 
decisions 

Wider community 
satisfaction 

Perceptions of public court cases (i.e., the Selden case, 
the Chicago Tribune trial), the Peace ship expedition, 
support of the First World War effort, involvement to 
Second World War, perception of Henry Ford as a 
public and political figure, letters from the public 

 

B. Phenomenon: Resilience 
Categories Sub-categories 

Connectivity 
 

Plants structure for operational connectivity, 
communication structures (e.g., The Ford Times) for 
connectivity with employees and external stakeholders 

Centrality 
 

Comparative position of power in the network of 
automobile manufacturers (volume of production and 
sales), power within the network of dealers (dealers’ 
loyalty), distribution of power within the management 
structure. 

Self-organization 
 

Reorganization of operations and management 

Capital flows 
 

Financial, human and technological capital flows, 
production flows 

Leadership 
 

Vision definition and sharing, drive of innovations, 
responsiveness to needs of employees and other 
stakeholders 

Learning 
 

Technological learning and innovations (e.g., use of 
vanadium steel, new models development and 
improvement, the assembly line) 

Trust 
 

Trust and distrust expressions of internal and external 
stakeholders, intrigues within the firm 

 

When assessing contributions to the phenomenon of sustainability scores were 

assigned according to whether the events indicated that variables in this period were 

much higher (10), much lower (1), or about the same as in previous periods. When 

assessing resilience variables, the concept of “higher” or “lower” is substituted by an 

assessment of the proximity of the variable to its optimum level that would lead to 

long-term survival. So for example, high centrality in the decision making structure 
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leading to inefficiency in operations was rated as being far from the optimum levels, 

and thus being indicative of lower levels of resilience. A list of the constructed 

historical events is included as an Appendix (Appendix 3). Some of these were only 

used as historical points and were neither indicators of sustainability, nor resilience. 

Our analysis is based on a number of works, which was regarded sufficient for the 

purpose of investigation, as we in no way seek to present a definitive historical 

analysis of the company. 

 

3.6.2 Data analysis 

Figure 3.4 illustrates the Ford Motor Company Timeline of events and the respective 

levels of sustainability and resilience in each time period. 
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Figure 3. 4 Ford Motor Company timeline from foundation to 1945 

Note: Numbered events listed in Appendix 3 
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The identified clusters are used to make an initial categorization of the company in 

S-R quadrants. The mean and standard deviation of each cluster is presented. It is 

identified that from 1903 to 1905 the company operates in quadrant A, displaying 

low levels of resilience and sustainability. For a short period it passes from quadrant 

B, as the sustainability levels grow, however resilience is still low. Upon an internal 

restructure at the end of this period Ford Motor Company enters quadrant C 

approximately in 1908 and until 1919, where high levels of resilience and 

sustainability are observed. In the 1920s and 1930s sustainability drops dramatically, 

as well as some aspects of resilience. However the company is still resilient enough 

to maintain large size of operations and significant amount of market segment and 

sales. In this period of time the company therefore operates in quadrant D, 

experiencing high rigidity, falling in the trap of pseudo-resilience. An effort to 

transform in 1927-28 does not succeed, as the company returns in quadrant D. The 

Ford Motor Company entered an extensive transformation stage only upon Henry 

Ford’s succession by Henry II in 1945. 

Average yearly estimates of sustainability and resilience are computed in order to 

construct the S-R architecture (Figure 3.5). 

 

Figure 3. 5 Ford Motor Company S-R Architecture from foundation to 1945 
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The passage from quadrant B in the period 1906-1907 that was illustrated in Figure 

3.4 is not as evident in Figure 3.5. This may be due to the limited data points, as the 

use of yearly averages results in only two data points for this period, with an average 

level of resilience not exceeding level 6. It was therefore decided to group the two 

first clusters into one, period 1903-1907. Each of the three time periods will be 

examined in more detail, analyzing the complex interactions that resulted in the 

defined assessments of sustainability and resilience. 

 

3.6.3 Discussion 

Although some of the data may be quantified, in qualitative research “the bulk of the 

analysis is interpretative”. Qualitative analysis is “a non-mathematical process of 

interpretation, carried out for the purpose of discovering concepts and relationships 

in raw data” (Strauss and Corbin, 1998:11), and has been conducted for each of the 

three identified periods of time. Our analysis reveals complex data relationships that 

have support the suggested classification in S-R quadrants. 

 

1903-1907: Challenge 

The Ford Motor Company was founded in June 1903 with Ford and Malcomson 

being the two principal of 12 partners (Ford Motor Company Archives, 1903). Ford 

provided the technical expertise and Malcomson the financial backing. The car 

model was ready for production prior to the foundation of the company, as Ford’s 

two previous car manufacturing companies had failed to bring a product to market, 

leading to bankruptcy (Nevins, 1954). These first years sustainability steadily grew, 

especially through customer satisfaction. There were some drawbacks however, as 

the vision of manufacturing a light and cheap vehicle was not consolidated and the 

company was experimenting with the manufacturing of larger, luxurious models. 

Some serious stakeholder issues were overcome by 1906-07. The company was 

primarily in quadrant A, operating in a transient mode, still having an uncertain 

future. However increased customer satisfaction steadily moved the company in 

1906-1907 to quadrant B. Although the Ford management was investing in capital 

the necessary structures and functions were not yet developed and the company was 

still at the time vulnerable to disturbances. A significant shareholder restructure will 
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signal the end of this period. In more detail the performance of the company in terms 

of sustainability and resilience levels is analysed below. 

 

Sustainability 

 Initially projected sales failed to materialize and the company’s cash balance fell to 

only $US 223.65 on the 11th of July. However by the end of August sales took place 

and the balance rose to $US 23,000 (Nevins, 1954; Watts, 2005), proving from early 

on that there was a market for the product. Despite numerous defects the Ford 

models were selling well and by autumn 1904 sales were averaging $US 60,000 per 

month (Nevins, 1954). Sales in those early years were fluctuating as the company 

was manufacturing both cheaper and more expensive models. In 1905-1906 profit 

dropped to less than 50 percent due to disappointing sales of the more expensive 

models. In 1906 Ford announced a car that would be brought to market at the price 

of only $US 500. However, he did not manage to maintain this price and the 

cheapest car in 06-07 was selling for $600. Once more the diversion to a slightly 

more expensive model, the stock market crash and the bank Panic of 1907 resulted 

in decreased sales (Ford, 1923). By that time it was clear to Ford that the cheap and 

affordable car had a very promising future. 

 

Although the company was gaining consumer support, it conflicted with some of the 

other stakeholders’ interests. George B. Selden had registered a patent for a motor 

vehicle and through the Electric Vehicle Company requested royalty fees from all 

car manufacturers. ALAM (Association of Licensed Automobile Manufacturers) 

was consecutively formed and most manufacturers joined. However, The Ford 

Motor Company denied paying royalty and the Electric Vehicle Company filed a 

suit against them on October 1903 (Watts, 2005). The case was brought to court, it 

was a lengthy process resulting in a first ruling against The Ford Motor Company (in 

1909) followed by an appeal by Ford and a final ruling in their favour in 1911 (Ford 

Motor Company, 1911; Nevins, 1954). Throughout this process The Ford Motor 

Company promoted their position widely, publishing their antitrust and anti 

monopoly arguments and referring to ALAM in their advertisements as “the Trust” 

(Couzens, 1903; Ford Motor Company, 1904). They successfully capitalized on 

public concerns about increasing corporate power in the early 1900s (Watts, 2005). 
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In Henry Ford’s words, “probably nothing advertised the Ford Motor Company as 

did this suit…it appeared that we were the underdog and we had the public’s 

sympathy”(Ford, 1923: 63). 

 

In addition to the above, a serious conflict between primary shareholders developed 

in 1905. Initially Malcomson had not wished to get directly involved with the 

management of the day to day operations of the business, as he was running his own 

coal business. He therefore sent one of his men, Couzens, to assist Ford. When in 

1905 he wanted to take Couzens place, both Ford and Couzens disagreed, to his 

great dissatisfaction. Malcomson and Ford further disagreed on the corporate 

strategy as Malcomson believed that they should be aiming towards the construction 

of bigger, rather than smaller cars (Nevins, 1954). Adding to Malcomson’s 

dissatisfaction, Ford and a number of the other shareholders founded The Ford 

Manufacturing Company in 1905 (Ford Motor Company Archives, 1905), which 

was manufacturing parts for the less expensive cars, eventually diluting the profits of 

The Ford Motor Company. The Ford Motor Company shareholders were polarized, 

some of them supportive and others against Ford. Malcomson reacted by starting his 

own car manufacturing company. Based on the argument of conflict of interest he 

was voted out of The Ford Motor Company in December 1905. Ford’s actions, 

although not very transparent and ethical, had the desired outcomes. He eventually 

managed to buy off Malcomson and some other stockholders, becoming the majority 

stockholder in 1906 (Nevins, 1954). 

 

Resilience 

The company could finance itself from the first year of operation (Nevins, 1954). 

Corporate management was also constantly investing throughout these years in plant 

expansions, human capital and product improvements. By 1907 one chassis was 

used for all car models in order to minimize costs and vanadium steel was used in 

construction to reduce the weight, but still produce a strong vehicle (Ford, 1923). 

However the Selden case and the plans for expansion put the company under severe 

economic strain. Furthermore, the foundation of The Ford Manufacturing Company 

affected the network of cash flows, absorbing The Ford Motor Company profits 

(Nevins, 1954). 
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Production costs were outpacing profits in 1906-07 and the company did not manage 

to fulfil its promise of bringing a car to the market for only $US 500 (Ford Motor 

Company Archives, 1906). Paydays were several times postponed in the fall of 

1907, the company covered bills with notes instead of cash and they were sending 

cars to dealers demanding payment upon receipt and not upon sale, shifting the 

financial burden further down the chain (Ford Motor Company Archives a). Less 

efficient car manufacturers and manufacturers of expensive cars suffered an even 

greater impact, leading to a number of bankruptcies in 1907 (Nevins, 1954). The 

Ford Motor Company survived the crisis of 1907, after which the investments in 

structure and efficiency of operations started to pay back. After consolidation with 

The Ford Manufacturing Company, the centrality of The Ford Motor Company grew 

and operations connectivity improved as all machinery was moved together and 

rearranged to increase operations efficiency (Nevins, 1954). The buyout of minority 

stakeholders in 1906-07 and streamlining of corporate structure and leadership was 

vital to allow the resilience of the company to increase in the following period. 

 

1908-1919: Growth 

The passage through quadrants A and B was very short, as Ford Motor Company 

entered the growth quadrant within only five years from its foundation. As Henry 

Ford later mentioned the first five years were an “experimenting period” (Ford, 

1923: 59), after which he had clarified his vision. His vision “to build a motor car 

for the great multitude” (Ford, 1923: 73), a cheap and reliable car that the average 

American family could afford, guided the formulation of his success strategy. This 

was supported by the right human, financial and physical capital structure of the 

company. The technological advancements of the assembly line established The 

Ford Motor Company as a leader in the industry, but also as a significant contributor 

to the manufacturing industry advancements and to the American victory in WWI. 

Taking a more analytical approach we can break down the performance of the 

company in sustainability and resilience as follows. 
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Sustainability 

With his product development, positioning and pricing the Ford Motor Company 

achieved such customer loyalty and satisfaction that in 1908 the company was 

already one of the four industry leaders. That year they sold as many cars as all their 

competitors combined (Briskoe, 1921), achieving record sales in March and April 

(Nevins, 1954). In 1908 the company announced the legendary Model T, which was 

available for sale early 1909 (Ford, 1923). Such was the customer reaction that in 

May 1909 the company declared that they could not take any more orders for 

delivery until after the 1st of August (Ford Motor Company, 1909). The increased 

market demand led to factory increases in 1909 to four-times the employee size of 

1908 and then to the development of a new factory in Highland Park in 1910 

(Nevins, 1954). Production numbers grew rapidly from 10,526 in 1908, to 72,567 in 

1911, jumping to 177,834 in 1912 and reaching 1,047,858 in 1919 (international 

production figures) (Nevins and Hill, 1963). Although the impression of 

manufacturers at the time was that there was not a market for low-cost cars, as 

wealthy people were the majority of the customers, Henry Ford proved the opposite. 

Evidently Model T changed how people lived and also how they thought and Henry 

Ford contributed to the emerging culture of consumerism as his car became “the 

most common symbol of a new age of material comfort”(Watts, 2005: 112) 

throughout America. 

 

Apart from the consumer appeal, the Ford Motor Company achieved at the same 

period of time great employee satisfaction. Ford’s management style, especially 

before the early 1910s when the size of the factory was smaller, was very 

motivational, not directly demanding from the employees but rather motivating them 

to achieve the targets. He would develop personal relationships with his men, telling 

stories and making jokes with them (Ford Motor Company Archives b). The Ford 

Motor Company made an announcement in January 1914 of applying a $US 5 

minimum daily wage roughly doubling existing wages. New York papers devoted 

52 front-page columns to the story over the first 2 weeks (Lewis, 1976). The five 

dollar day also indicated the beginning of a social program applied by the Ford 

Motor Company, aiming to educate their workers in better living, including better 

housing, sobriety and prudent spending. The program was very controversial; having 
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great followers, but also critics claiming that it was very intrusive, opposing the 

American principles of liberty (Watts, 2005). The program further became 

expensive to run due to the company’s growth (Watts, 2005: 224). The program was 

ended in 1921, when Ford accepted that it was too paternalistic and had become 

outdated (Ford, 1923: 130). Irrespective of the negative aspects of the social 

program it is evident that the company invested greatly in their workers, introducing 

a new era of compensation and corporate social responsibility. 

 

Furthermore, The Ford Motor Company enjoyed the acceptance of the public. Henry 

Ford became a social persona of the early 1900s, being admired by the average 

American as a person of great wealth that still remained very plain in his ways and 

thus people of the working class could relate to. Ford became a public hero when the 

ruling of the Selden case was overruled in his favor in 1911, supporting his 

antimonopoly and antitrust argument. He received over 1,000 telegrams from 

citizens, the congratulations of prominent businessmen and great press coverage 

(Nevins, 1954; Watts, 2005). Ford and his company further received great coverage 

and public support over the five dollar day, the Peace ship expedition in 1915 and 

despite being peace activist his later support of the war effort through the production 

of ambulances, cars, trucks, Liberty airplane engines and others (Nevins and Hill, 

1957). It is characteristic of Henry Ford’s appeal and influence to the public that he 

ran for senator in 1918 at the request of American President Woodrow Wilson. His 

political message was primarily the fight for peace and for the consumer’s right to 

buy what he wants at affordable prices. Ford did not spend any money on a political 

campaign. In addition to that, his opposition to American preparedness for the war 

and lack of political experience contribute to his marginal loss to his opposition 

(Watts, 2005). Ford was also involved in a high-profile trial against the Chicago 

Tribune. Ford filed a suit for libel for one million dollars. The trial was held in 1919. 

Ford failed to explain words and phrases from his own antiwar statements and his 

lack of knowledge of basic American history was uncovered in the courtroom 

(Literary Digest, 1919). Although he won the case, he was only awarded 6 cents in 

damages. Ford remarkably managed to salvage his self-respect, retain his politeness 

under hard cross-examination and portray the image of the plain American who 

answered to the best of his abilities, recognizing his lack of knowledge. He received 
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hundreds of support letters by citizens (Ford Motor Company Archives, 1953) rising 

once more as the “man of the people” (Watts, 2005: 271). 

 

The Ford Motor Company satisfied the majority of stakeholder needs during the 

examined period of time. Dissatisfaction was expressed however by the company 

stakeholders John F Dodge and Horace E Dodge, who demanded higher dividends to 

be paid in 1916. Ford was the majority stakeholder since 1906 and believed in 

investing profits in the business to materialize his vision of delivering a cheap car to 

the public. The Dodge brothers prosecuted the company demanding to halt 

expansions and pay higher dividends. Eventually The Ford Motor Company lost at 

the first court. At the appeal they were still forced to pay dividends of $US 20 

million, however were allowed to pursue any type of business activity. Although 

they lost the trial, they “won the hearts of ordinary American citizens” (Watts, 2005: 

258) portraying a not-for-profit image of corporate ownership that prioritized service 

improvement over profit. Ford eventually bought out all minority shareholders in 

1919 eliminating shareholder issues (Nevins and Hill, 1957). 

 

Resilience 

High sustainability was also coupled with high resilience. The connectivity between 

the company, its employees and the external stakeholders was maintained through 

the issue of The Ford Times, a company magazine first issued in 1908 and 

distributed at all Ford dealerships across the country (Nevins, 1954). This was 

complemented and strengthened even further by independent press coverage of the 

company’s achievements and Henry Ford’s personal and political life. The centrality 

of Ford Motor Company in the American car manufacturing network was evident by 

their volume of production and sales that was dominating the market. In 1916 the 

Model T’s manufactured accounted for 32 percent of all cars manufactured in the 

US, rising to 40 percent by 1919 (Nevins and Hill, 1957). The Ford Motor Company 

also played a central role for the Americans during their involvement in the First 

World War, by employing their factories and their advanced assembly line process 

to produce large numbers of military equipment. 
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Furthermore, the innovative and strongly motivated leadership team promoted 

excellence and constant need for efficiency improvements. These efforts led to the 

gradual development of the assembly line from 1912 till 1914. The main concept 

was the “reduction of the necessity for thought on the part of the worker and the 

reduction of his movements to a minimum” (Ford, 1923: 80). The assembly line 

revolutionized not only the industry, but manufacturing processes internationally. 

Learning and innovation, as well as constant reorganization were constant targets of 

the company. Finally, the company processes achieved successful handling of 

multiple increasing capital flows. They also maintained a level of trust internally and 

externally within the stakeholder network. 

 

1920-1945: Rigidity 

In this period the company operates primarily in quadrant D. Stakeholder 

satisfaction falls dramatically as corporate leadership does not adapt to the external 

challenges. The Ford Motor Company insists in producing only one car, the Model 

T, when the market is shifting from first time buyers to second time buyers, 

demanding new and improved models. Furthermore, labor relationships deteriorate, 

as the company not only refuses to acknowledge unions, but also develops a culture 

of mistrust between its employees. Autocratic leadership by Henry Ford, over-

centralized structure of the decision making process and rigid corporate policies 

regarding dealers and labor relations are evidence of deteriorating resilience. 

However, although the company is losing market segment and in some years 

registers losses, it remains viable, and upper management does not realize the 

decrease of resilience. The company has fallen in the pseudo-resilience trap, where it 

portrays an image of a corporate giant, however is actually “an accident waiting to 

happen” (Holling, 2001: 396), a highly rigid system. 

 

Sustainability 

Customer satisfaction was decreasing in the early 1920s and The Ford Motor 

Company was loosing market segment to its competitors. From 1923 the sales of the 

Model T begun to decline, as the competitors were upgrading their product. General 

Motors introduced a variety of cars at different price ranges and provided the 

structure to allow its customers to buy on credit (Watts, 2005). The Ford Motor 
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Company did not adjust its factories to the industry slow down during and after 

recession, applying its previous tactic of setting sales quotas for their dealers and 

forcing them to accept orders. The effect of this tactic was that dealers would shift to 

other manufacturers and especially in Europe this resulted in Ford loosing market 

leadership to Morris in 1925. By 1929 Ford market share in England was only 5.7 

percent, when Morris and Austin combined held 75 percent of the market (Bernard, 

2003). 

 

The American press had identified the Ford’s diminishing market segment (Dalton, 

1926), their dealers’ dissatisfaction and the internal politics between management 

that was for and against the development of a new model (Watts, 2005; Young, 

1926). The company eventually announced a new car in January 1927. All the 

production process was restructured during that year, and the company was briefly 

operating in the transformational quadrant A. The primary production factory, along 

with 34 US and 12 overseas plants needed retooling and thousands of workers were 

laid off as the production was terminated in June (Watts, 2005). Ford successfully 

created hype in the market, slowly disclosing information about the car and the 

launch on 2 December the same year was a great success. Ten million Americans 

viewed the car within 36 hours and another twenty-five million within a week 

(Watts, 2005). Unfortunately this short transformation period, only achieved a short-

term increase in sustainability. As the company did not conduct an in-depth 

transformation in its structure and functions, it did not manage to escape from the 

rigidity trap. 

 

In the 1930s the company would record $US 140 million losses from 1931 to 1933. 

The company’s declining sales resulted in falling to the third place in the industry 

with 21 percent market segment in 1933, after General Motors and Chrysler who 

achieved 41 percent and 25 percent respectively (Chandler, 1964). Labor 

dissatisfaction grew constantly, as Henry Ford created the service department, which 

was an internal employee spying system. The head of the department, Bennett, had 

ties with the underworld and was seen to be carrying guns in his office (Ford Motor 

Company Archives c). He imposed fear upon the workers and subverted his rivals as 

he was close to and could directly influence Henry Ford (Watts, 2005). The outcome 
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was the development of extreme management practices, where employees were not 

allowed to talk to each other, had to increase their pace of work under constant 

threats of lay-off, had only a 15min lunch break and could not go to the restroom 

unless a substitute was available. A “deeply alienated workforce” (Watts, 2005: 456) 

and the authoritative management structure led to an incident that became known as 

the “battle of the Overpass”, where Ford foremen beat union organizers on 26 May 

1937. There was great press coverage and Ford was ruled guilty by the National 

Labor Relations Board for violating the Wagner Act by interfering with unionization 

and firing workers who tried to organize (Nevins and Hill, 1963). Ford eventually 

recognized the unions only after GM and Chrysler in 1941 (Watts, 2005). 

 

The contribution of The Ford Motor Company to the Second World War remains 

contradictory. Evidence has been provided that the company and the Ford family 

supported both sides of the war (Sutton, 2000). The company claims it had no 

control over what happened at their subsidiary, Ford-Werke, and that it did not profit 

from wartime operations at the German plant (Ford Motor Company Archives, 

2001). However it should be noted that Henry Ford was well known for his anti-

Semitic views. From 1920 a newspaper owned by Ford, called “The Independent”, 

was publishing anti-Semitic articles, which from 1923 onwards were focused on 

specific individuals. In 1925 one of the newspaper’s targets filed a suit for libel. The 

case came to trial in 1927, when Ford personally apologized for the context of these 

articles. His apology was accepted by the Jewish community, however his sincerity 

in claiming that he was not fully aware of the character of the articles was doubted 

(Baldwin, 2001; Watts, 2005). 

 

Resilience 

During the 1920s and 1930s the authoritative management of Henry Ford affected a 

number of resilience parameters. Leadership patterns changed as from 1919 until 

1921 key executives left the business. Henry Ford was not only autocratic, but also 

very rigid in his decision making, refusing to adapt to the changing environment. 

Although the reduced appeal of the Model T was obvious since 1923, four years 

passed before he agreed to introduce a new model. His management team was 

hesitant in even suggesting the need for a new model. The Vice President, Ernest 



C h a p t e r  3  | 79 

 

Kanzler finally presented a memo to Henry Ford in January 1926 (Ford Motor 

Company Archives, 1926), analyzing the need for a new model. Henry Ford ignored 

his views, resulting in Kanzler’s resignation after 6 months (Watts, 2005). It is 

characteristic of the rigidity of the corporate processes and the leadership functions 

that even after great losses in the mid 1930s the company did not enter a 

reorganization phase. Although during that decade Ford developed other interests 

(e.g., the Ford Museum, the Greenfield Village, village industries, experimental 

soybean farms, practical educational projects) that took a lot of his time and effort, 

he still controlled all major decision making in The Ford Motor Company, 

overruling his son, Edsel, who was the president at the time. Upon Edsel’s death 

Henry Ford returned in the company as active president in 1943. His presidency was 

inefficient due to his reduced interaction with corporate issues, but also due to 

increasing mental health issues. Only in 1945, when Ford was unable to recognize 

many people outside his immediate family, he eventually resigned, passing the 

presidency on to Henry II (Watts, 2005). 

 

The rigidity of the leadership and their resistance to change directly affected the 

structure of the company’s dealership network. Ford factories failed to adapt in the 

changing environment between the two World Wars. They applied an unsuccessful 

strategy of putting a lot of pressure on their dealers to accept predetermined orders, 

thus straining them financially, losing their trust and sometimes losing them to other 

manufacturers (Bernard, 2003; Watts, 2005). The centrality and connectivity of the 

company in the network were impaired. 

 

Poor trust and flow of human capital were also characteristics of The Ford Motor 

Company in the decade of the 1930s. It is uncertain whether Henry Ford was fully 

aware of the conditions of work and of the actions of his service department, which 

have been analyzed above. Irrespective of that the outcome remains that some of his 

management figures and primarily Bennett were terrorizing their subordinates and 

some of their peers, developing intrigues and heavily influencing Henry Ford’s 

decision making (Watts, 2005). From the great idealist of the 1910s that introduced 

the 5 dollar minimum wage, Ford’s public image as a humanitarian collapsed in the 

1930s. Despite underperformance and reduced stakeholder satisfaction the company 
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remained viable, capitalizing on their capital reserves and finally entered an 

extensive transformation stage only upon Henry Ford’s succession in 1945. 

 

3.6.4 S-R Trajectories 

The above analysis confirms the formulated hypothesis 1, as the company can 

clearly be classified within a certain quadrant for each period of time. Movement 

between quadrants takes place in a successive fashion. We depict the Ford Motor 

Company S-R trajectory in Figure 3.6, illustrating even the fine movements that 

have been qualitatively identified. We include the passage through quadrant B in the 

first period, followed by a restructure and thus brief passage through quadrant A to 

achieve exit from this quadrant, as well as the brief passage from quadrant A in the 

third period that did not manage to result in an exit from quadrant D. 

 

Figure 3. 6 The Ford Motor Company trajectory from 1903 to 1945 
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the degrees of freedom of movement within the framework. In other words, could 

The Ford Motor Company have followed an alternative trajectory and if so, which 

would have been the possible counterfactuals? Furthermore, if Ford management 

was aware of the S-R classification of the company in each period of time, could 

that have improved their predictive capacity and thus the effectiveness of their 

decision making? We cannot give a definite answer to the first question in terms of 

identifying all possible counterfactuals, as each alternative movement would result 

in multiple possible future scenarios. However, the Ford application has been shown 

to support some of the theoretical arguments presented in the definition of the four 

quadrants and can stimulate further theorizing by “constructing from data an 

explanatory scheme”, enabling future users of the S-R Architecture “to explain and 

predict events, thereby providing guides to action” (Strauss and Corbin, 1998: 25). 

Entrance into quadrant D for example has been shown to cause the maturity and 

decline of The Ford Motor Company, supporting the theoretical argument that an 

extended stay in quadrants B and D would increase the vulnerability of the system. 

Based on the theoretical analysis of the four quadrants and on the experience gained 

from the Ford Motor Company application we formulate the following theoretical 

propositions: 

 

Proposition 1: A company operating in quadrants A or C can move to any other 

Quadrant. 

Proposition 2: A company operating in quadrants B or D can only exit those 

Quadrants by entering the transformational quadrant A, even if this is only for a 

brief period of time. 

Proposition 3: An extended stay in quadrants B or D increases the vulnerability of 

the system, and thus the probability that upon disturbance the system may transform 

to a cycle of reduced productivity. 

 

An expression of propositions 1 and 2 in a diagrammatical form results in the 

definition of eight possible movements between the quadrants. These are depicted in 

Figure 3.7, along with the four cases of fluctuation within the same quadrant. 
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Figure 3. 7 Movement within the S-R Architecture framework 
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introduced Holling’s (2001) ideas on resilience – a central concept of complex 

systems thinking- in the corporate context and proposed a combined assessment of 

corporate resilience and sustainability in order to identify the system’s ability to 

survive on the long-term, whilst satisfying its stakeholders’ needs. This gave birth to 

the Sustainability-Resilience Architecture, a strategic framework that utilizes 

measures of sustainability and resilience to interpret and predict the condition of the 

complex corporate system. 

 

The framework allows managing systems both close and far from equilibrium. 

Managers are urged to identify the quadrant the corporation operates in, consider 

possible future trajectories and consciously stimulate the most desirable one. More 

specifically: 

 

Classification in quadrants B or D indicates the need for transformation to 

exit those quadrants, avoid possible detrimental effects upon disturbance for 

the overall system and thus maintain long-term system performance. 

 

Classification in quadrant C should raise awareness for the challenges and 

dangers associated with the implementation of linear performance measures 

and continuous incremental improvements through exploitation. Regular 

reassessments of the S-R dimensions can provide early signs of movement to 

another quadrant, thus allowing the instigation of timely transformations at 

smaller scales, thus mitigating risks for the overall system. 

 

Classification in quadrant A identifies the need for traditional strategic 

planning, focusing on increased exploitation of core capabilities of the 

business. 

 

Overall, the framework allows for integration of complexity thinking within 

corporate management, by building an understanding of complex system dynamics, 

providing the ability to identify early signs of rigidity or vulnerability and instigate 

timely transformations at smaller scales to achieve learning and adaptation at larger 

system scales. 
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Managers, consultants and regulators will find that the S-R Architecture can guide 

action at various system levels. Although the method was applied at the corporate 

system it could be applied at smaller scale subsystems (e.g., a subsidiary, a 

department, a project) or at larger system scales (e.g., S-R architecture of a group of 

corporate entities, an industry, a group of industries, or even the national economy). 

The challenge lies in the development of clear definitions of the system, the 

stakeholders and identifying the appropriate resilience measures in each case. 

Further work in observing organizational change dynamics in relation to the position 

of an organization in the framework will strengthen the predictive capacity of the 

model. A number of propositions in this direction have been formulated. 

 

We would like to conclude with Weick’s (2006: 1732) recent commenting on 

organizational theory development: 

 

“Many people resonate to Kierkegaard’s statement that ‘It is perfectly 

true, as philosophers say, that life must be understood backwards. But 

they forget the other proposition, that it must be lived forwards’ 

(Gardiner, 1988: 90). Fewer people are able to talk about the quandary of 

living forward with limited foresight and understanding backward with 

unlimited hindsight. To produce better theories means in part to make 

them more isomorphic with living forward. […] Living forward that is 

unsettled, emergent, and contingent contrasts sharply with our backward 

oriented theoretical propositions that depict that living as settled, causally 

connected, and coherent after-the-fact.”  

 

Despite the difficulties of “living forward”, confronting system complexities and 

dealing with emergent system properties, we need to address those issues in our 

theoretical models and their applications. To achieve that we should incorporate 

non-linear concepts in our theorizing, address multiple system scales and conduct 

longitudinal analysis, situating phenomena in their historical contexts (Meyer et al., 

2005). The S-R architecture provides a basis for further theory development and 

applications in this direction. 
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CHAPTER 4. 

THE PRODUCT ECOLOGICAL FOOTPRINT 
 
 
 
 
In the previous chapters we have addressed the need for improved sustainability 

measures to enhance the understanding and management of socio-ecological 

system’s complexity. However, managerial change needs to be supported by 

behavior change at the wider community level. Sustainability education through 

sustainability reports, environmental awareness programs and websites focuses 

mainly on communicating industry and government sustainability achievements and 

informing consumers on available environmental friendly technology and initiatives. 

Very little information is directly related to the majority of products or services 

commonly available to the consumer at product and service outlets. As a result 

consumers are largely unaware of product’s ecological impacts, therefore unable to 

understand, estimate and manage the indirect impacts of their personal consumption 

patterns. In order to address major socio-ecological challenge of increased global 

consumption and ecological impact, we need to develop measures that capture the 

long-term productivity loss and environmental degradation caused by production 

and distribution processes. In this chapter we develop a methodology to measure the 

ecological impacts of individual products. We aim at linking individual’s 

consumption with their ecological impact and developing a market-driven approach 

to internalizing environmental externalities. 
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4.1 Abstract 

As global consumption increases we are faced with two major threats, reaching the 

production capacity and exceeding the waste accumulation capacity of the earth. 

There is an urgent need to develop measures that can capture impacts on the 

resilience of socio-ecological systems, displaying the magnitude of long-term 

productivity loss and environmental degradation. In this chapter we examine the 

potential of the ecological footprint as a means to go beyond ecolabelling, address a 

wide range of products and give consumers a real choice in actively monitoring and 

reducing their ecological impact. A methodology for the calculation of product 

ecological footprint (PEF) is presented; integrating elements from the accounting 

method of activity based costing. An application in three apple production systems 

illustrates the applicability of the method and its potential in developing a market-

driven approach to internalizing ecological externalities, as significant PEF 

differences can be observed from first stage calculations and within the same 

industry. Furthermore, at higher-accuracy second stage calculations, the proposed 

approach becomes a powerful driver of eco-technological innovation. At the firm 

level PEF can be used as a management tool to compare and optimize both functions 

of economic cost and environmental impact. 

 

4.2 Introduction 

Climate change, air and water pollution, soil degradation and species extinction 

constitute major environmental threats caused directly or indirectly by human 

activities. The urgency for technological and cultural change to mitigate pressing 

ecological issues is constantly affirmed and is gradually being quantified. Such an 

effort has been made in the last WWF Climate solutions report, which provides 

evidence that a shift towards sustainable energy sources and technologies needs to 

be made within the next five years in order to halt climate change without major loss 

of biodiversity; otherwise the shift will be increasingly expensive and with greater 

risk of failure (Mallon et al., 2007). In this process it is important to recognize that 

the responsibility for change lies only partially with policymakers and industry 

leaders. An effective solution can only be found in the interaction among consumers, 

companies and governments (Rex and Baumann, 2007). 
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Private industry and NGO’s are leading the way through research and investment in 

sustainable technology and practices, the establishment and advancement of 

corporate environmental reporting, the development of international sustainability 

self-reporting guidelines (Global Reporting Initiative), and the formation of private, 

national and international sustainability assessment initiatives and organizations 

(e.g., Dow Jones Sustainability Index, Ethical Investor). Despite available 

information technology and rising consumer environmental awareness, only a small 

portion if this information is directly related to the product or service provided by 

the company and becomes available to the consumer at the product outlet. The vast 

majority of corporate sustainability information is provided at an aggregate level for 

all products and processes, in a reporting format that targets special interest 

stakeholder groups. Information at the product level is driven by national and 

international policies and commonly takes the form of qualitative, “seal-of-

approval” type of environmental labelling (Green Seal, Blue Angel), product hazard 

warnings and product durability labelling. Quantitative environmental information, 

such as energy efficiency, chlorofluorocarbons use and recycled content, is less 

frequent and applies only to specific categories of products not allowing 

comparisons across categories. As a result, consumers are not conscious of the 

environmental impacts of conventional products, which can be misperceived as 

relatively benign to the environment. 

 

A typical example can be found in the aquaculture industry, where the common 

misconception is that fish farming methods reduce the stress on world fisheries. 

Consumers are unaware that high-trophic level fish require a large volume of 

fishmeal inputs. Shrimp and salmon aquaculture products require two to four times 

their volume in fish products as inputs, which contributes to the exhaustion rather 

than augmentation of fisheries resources (Naylor et al., 1998). It is predicted that by 

2015 the global aquafeed industry will require 70 percent of the average historical 

fishmeal supply and 145 percent of the fish oil supply (Tyedmers et al., 2007). 

Furthermore, aquaculture activities can be highly pollutant and detrimental to coastal 

nursery areas and adjacent ecosystems. Shrimp farming ponds have an average life 

span of 7 to 15 years after which abandonment due to productivity loss, occurrence 

of algal blooms or disease outbreaks is common (Dierberg and Kiattisimkul, 1996; 
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Paez-Osuna, 2001). In many cases ponds have become so polluted that conversion to 

other uses is not economically feasible (Naylor et al., 1998). In addition to this, 

organic labelling can be misleading, as current standards for organic aquaculture fail 

to reduce the environmental impacts of feed production for a variety of impact 

categories in the salmon industry (Pelletier and Tyedmers, 2007). As a result, 

consumers of the imported aquaculture products are largely unaware of the 

ecological damage that occurs in the place of origin. Similarly, although the 

environmental burden of vegetarian protein is generally lower compared to that of 

meat, factors such as long-distance air transport, deep-freezing, and some 

horticultural practices can result in environmental burdens for vegetarian foods that 

exceed those for locally produced organic meat (Reijnders and Soret, 2003). 

Integrated product environmental impact information is currently not readily 

available to the consumer, who remains unaware of the occurrence of practices with 

high environmental impacts in various primary and secondary production industries. 

 

Significant steps forward are being initiated in Europe, such as the carbon labelling 

program run by The Carbon Trust in the UK (Carbon Trust, 2007b). A draft carbon 

footprint measuring methodology has been developed, aiming at the provision of a 

public measure of product carbon emissions from source to store. The methodology 

is currently being applied to a number of pilot industry case studies (Carbon Trust, 

2007a). Atmospheric concentration of carbon and other greenhouse gases is an 

important environmental concern and a direct risk for business, thus demanding an 

enterprise-wide response (Dembo, 2007).However, a more holistic approach is 

needed to account for the complex impacts of human actions on the environment and 

ensure long-term survival of local and global socio-ecological systems. A first step 

to market-driven solutions is the development of measures that capture impacts on 

the resilience of socio-ecological systems, displaying the magnitude of long-term 

productivity loss and environmental degradation. The impacts of production systems 

that reduce the systems adaptive capacity, such as highly intensive, boom and bust 

type production methods need to be identified, accounted for and communicated to 

consumers. 
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In this chapter we will illustrate how the calculation and provision of consistent, 

quantitative and comparable product environmental impact information can be 

achieved at a wide scale, for diverse products and industries. We will first identify 

trends in ecolabelling and examine the appropriateness of Product Ecological 

Footprint (PEF) as a tool for integrated product policy, as a means to link 

individuals’ consumption patterns with their ecological impact. We will then present 

a methodology for the calculation of PEF, integrating elements from the accounting 

method of activity based costing. Finally, data availability and implementation 

issues will be discussed. 

 

4.3 Ecolabelling and the Ecological Footprint 

 

4.3.1 Trends in ecolabelling 

Environment-related product labels have been increasing in number in the last 

decade. The Blue Angel was the first ecolabel to be created in 1977 in Germany. In 

1988 it was followed by environmental friendly programs and labelling in Canada 

and soon after that in Japan, the Nordic countries, the United States, New Zealand 

and Austria (Li and Geiser, 2005). Today the Global Ecolabelling Network (GEN), a 

non-profit making association that was founded in 1994 to promote ecolabelling, 

consists of 24 eco-label organisations throughout the world. Life-Cycle Assessment 

(LCA) is the basis of a number of eco-labelling schemes, which examine the most 

relevant environmental aspects at different levels of the product’s life-cycle (Guinée 

et al., 2002). The ISO 14000 series provides a methodology for the use of LCA (ISO 

14040 and 1404), as well as guiding principles for the development and use of 

environmental labels and declarations (ISO 14020). Despite the broad application of 

ecolabels, there is general consensus among researchers in that consumer response 

to ecolabelling has not been as high as expected. Both limited impact outside the 

green consumer segment but also an inconsistency between environmental interest 

and actual behavior among green consumers has been identified in the literature 

(Leire and Thidell, 2005). 

 

We can categorize the parameters that are commonly referred to as reasons for the 

reduced used of eco-labels. Firstly we have identified parameters that influence 



92 | T h e  P r o d u c t  E c o l o g i c a l  F o o t p r i n t  

 

consumers’ purchasing behavior by contributing to the consumers’ perception of 

end-cost or benefit as an outcome of the purchase. The perception of financial cost 

of alternative products and the perception of product quality are included in this 

category, both important aspects of the product that have been reported to be 

prioritised over eco-labelling (Diekmann and Preisendörfer, 2003; Leire and Thidell, 

2005). In addition to the above, purchasing has also been found to be influenced by 

past habits (Biel et al., 1999; Leire and Thidell, 2005) and by the availability of time 

and financial resources for examining environmental information during the 

purchase (Leire and Thidell, 2005). These parameters are also classified in the 

category of end cost or benefit, as the consumer is required to incur indirect costs in 

the form of time and effort that need to be invested in developing a new purchasing 

pattern. 

 

In comparison to the above mentioned costs and benefits that relate directly to the 

consumer, the environmental benefits that the society and respectively each 

individual can gain from eco-labelled purchases are vague. Apart from products 

clearly conceived as environmentally hazardous (e.g., detergents and aerosols), 

consumers are failing to comprehend the connection between conventional products 

and environmental problems and therefore the potential of their purchasing behavior 

in reducing environmental impact (Leire and Thidell, 2005; Niva and Timonen, 

2001; Thøgersen, 2000). 

 

Furthermore, we identified a second group of parameters, which are also commonly 

linked to the level of use of eco-labels. These are directly related to the type and 

quantity of information provided to the end consumer by eco-labelling schemes. 

There is some ambiguity as to the type of information that consumers prefer, as 

some seem to prefer simple eco-labels such as logotypes, whereas others declare the 

need for more environmental information (Leire and Thidell, 2005). In any case the 

variety of information types (qualitative or quantitative or both), accreditation types 

(third party certification or self-declaratory statements), marketing and advertising 

use of this information and the sheer number of different eco-labels has contributed 

to consumer confusion (Davis, 1993; Leire and Thidell, 2005). As a result, even if 

some labels are recognized, consumers have a weak comprehension of each one, 
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which has led to the development of distrust for the disclosure of product 

environmental information in general and reduced credibility in all labels (Davis, 

1993; Leire and Thidell, 2005; Shrum et al., 1995; Thøgersen, 2000). 

 

4.3.2 The Ecological Footprint 

Studies of green consumers have shown that green is “not a fixed character of a 

consumer” (Rex and Baumann, 2007), as contextual parameters will determine 

consumers behavior (Biel et al., 1999; Meyer, 2001; Peattie, 2001). True blue 

consumers represent a minor percentage of the population and therefore we need to 

“move away from the green consumer” (Peattie, 2001), and develop strategies that 

target a wider range of consumers in order to have an impact on wider consumption 

patterns (Rex and Baumann, 2007). A widely applicable methodology for measuring 

environmental impact will therefore need to be applied. The ecological footprint 

(EF) method, developed by Rees and Wackernagel (Rees, 1996; Wackernagel and 

Rees, 1996; Wackernagel and Rees, 1997), is a tool that has been used to compare 

the sustainability of resource use among populations, by converting the flows of 

energy and matter into corresponding land areas. The EF aims to estimate the 

biological productive area that is needed to produce the yearly resource flows, 

absorb wastes or emissions and host the built infrastructure of a region (Haberl et al., 

2001). This methodology provides a partial solution to the sustainability aggregation 

problem by expressing environmental impacts in a single measurement unit, 

therefore if applied to the product level; it could allow for consistent ecolabelling 

across products and industries. 

 

The EF has been commonly applied to measure and compare the footprint of various 

groups of populations and regions for example in China (Chen and Chen, 2006; 

Chen et al., 2006; Cui et al., 2004; Du et al., 2006; Wang et al., 2006), New Zealand 

(Jollands et al., 2004; Mcdonald and Patterson, 2004), North America (Senbel et al., 

2003), Australia (Lenzen, 2001; Lenzen and Murray, 2001) Slovenia (Medved, 

2006), Austria, Philippines and Korea (Haberl et al., 2001; Wackernagel et al., 

2004), to name a few. Calculations of specific product, enterprise or industry 

ecological footprints have also taken place; they are however very case specific with 

a number of publications focusing on aquaculture industry (Bunting, 2001; Chopin 
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et al., 2001; Kautsky et al., 1997; Roggenbauer, 2005; Roth et al., 2000) and the fuel 

and transportation industry (Azar et al., 2006; Chi and Stone, 2005; De Oliveira and 

Vaughan, 2006; De Oliveira et al., 2005; Holden and Hoyer, 2005; Wood, 2003). 

 

4.4 Product Ecological Footprint methodology 

We have developed a methodology for Product Ecological Footprint (PEF) 

calculation that can be applied by manufacturers consistently across industries, using 

data currently available in international databases. In order to successfully trace the 

ecological impact of the supply, production and distribution of each product we 

utilize an accounting methodology called Activity Based Costing (ABC), adjusted to 

account for ecological impacts instead of financial costs. 

 

4.4.1 Activity based costing: an accounting concept 

The Activity Based Costing (ABC) methodology emerged in the late 1980’s and 

became very popular in the 1990’s (Bjørnenak and Mitchell, 2002). Traditional 

accounting cost categories of fixed and overhead costs were replaced by a detailed 

activity analysis of all the actions that take place to transform process inputs into 

outputs. The value of resources was allocated to each activity, resulting in a much 

more accurate definition of output (product or service) costs. The interest of 

academics and practitioners gradually shifted within the 1990’s from activity based 

costing to activity based management research (Bjørnenak and Mitchell, 2002), as 

ABC allowed for the definition of cost drivers within each activity and the 

identification of the value added by each activity to the end product or the consumer, 

providing opportunities for multiple managerial gains. A 1999 survey of UK firms 

showed that ABC applications extended from cost reduction (90.3% of users) to 

include product or service pricing (80.6%), performance measurement or 

improvement (74.2%), cost modelling (64.5%), budgeting (54.8%), customer 

profitability analysis (51.6%), output decisions (51.6%) and new product or service 

design (41.9%) (Innes et al., 2000). 

 

The great majority of ABC users express very positive views on the importance and 

success of the method (Innes et al., 2000) and a positive association between ABC 

use and firm profitability has been identified under certain conditions (Cagwin and 
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Bouwman, 2002). ABC has in numerous cases transformed into corporate 

philosophy, guiding strategic decision making, cross functional teams and employee 

empowerment (Hooshang, 2004). Furthermore, it has been successfully used 

concurrently with process and quality management techniques such as “Total 

Quality Management”, “Just-In-Time” and “Balanced ScoreCard” applications 

(Cagwin and Bouwman, 2002; Maiga and Jacobs, 2003). In other cases however 

ABC has been gradually abandoned as most lessons have been successfully 

internalized by users and the cost focused data collection processes have gradually 

been replaced by other financial and non-financial measurements (Geri and Ronen, 

2005). In conclusion, ABC transformed cost measuring, product pricing and 

managerial accounting as it was known in the late 1980’s. 

 

4.4.2 Ecological Activity Based Costing (e-ABC) 

In order for the ABC methodology to be adjusted to account for ecological impacts 

(EIs), we need to conceptualize product ecological impacts by applying an input-

output conceptual model (Figure 4.1). 

 

Any activity, which is defined as a group of actions that transform inputs into 

outputs, may have direct and indirect EIs. Direct impacts take the form of waste, 

water, soil or air pollution, biodiversity, and ecosystem productivity impacts. 

Indirect ecological impacts can be embedded in activity inputs (materials, labor, 

energy). Materials and energy will carry an embedded EI as outputs of previous 

activities, in which case the output’s Type C ecological impact from each previous 

activity will equal to the input’s Type A ecological input in the following activity. 

Embedded EI of labor includes obvious work-related activities, such as pollution 

due to daily commuting to work, or work-related travel. It can also be extended to 

include all workforce lifestyle and consumption patterns that result in physical and 

emotional sustenance of the workforce and therefore allow them to contribute to the 

working environment. Recycled material carry embedded EI only due to the 

recycling processes and not as outputs of their previous production and consumption 

cycle. The materials have been through the complete cycle and their EI as 

consumable outputs of that cycle have been accounted for. 
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Figure 4. 1 Product ecological impacts model 
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PEF Equations 

One can calculate the end products ecological footprint using the following step 

approach, following the mapping of each activity’s ecological impacts. This 

approach is designed to result in a gradual increase in the accuracy of the 

calculations and in the demand for information gathering at the industry level. 

 

1st Stage Calculations 

First stage calculations will result in a PEF estimate (PEF1) and should only be used 

as such. For this reason we recommend that e-ABC impacts are aggregated for each 

end-product that the company provides and PEF calculations are conducted at that 

aggregate level and not at intermediate activity output levels. The EIs accounted for 

in PEF1 include materials-embedded )( 1
MEF , land-embedded, biodiversity and 

productivity impacts )( 1
AEF  and labor embedded impacts )( 1

LEF .  
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Materials and energy embedded EI )( 1
MEF  is calculated for processed inputs that 

are not extracted or collected directly from the land or sea. The primary materials 

(M) that constitute the processed product can easily be defined (usually from the 

product label) and a weight, volume or energy unit can be used for the calculations 
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depending on the available format of respective global yields. The area component 

)( 1
AEF  is an assessment of direct land use, taking into consideration long-term 

biodiversity and productivity impacts that are caused by current production methods 

as analysed below. Finally the labor component )( 1
LEF  is an estimation of the 

employees’ ecological impact based on national ecological footprints, available by 

the Global Footprint Network. Due to great criticism of the methodology that is 

being applied in transforming carbon emissions in land equivalents we shall not 

include this in the above calculations (also note that carbon contributions need to be 

excluded from national footprint measures used in the EFL equation). Instead we 

propose that first stage calculations be accompanied by a list of major waste and 

pollutant outcomes from the manufacturing processes. Released gases can be 

assessed based on their contribution to atmospheric disruptions, categorized as 

global warming, ozone depletion and acidification, or toxic/carcinogenic related. 

Furthermore waste generation can also be categorized as non-, moderately or highly 

hazardous for the environment (Lesourd and Schilizzi, 2001). It is important to 

establish a single categorization scheme that will be followed internationally and 

across industries to allow for comparisons. 

 

The Yield and Equivalence factors are adopted from Monfreda et al (2004). The 

Yield factor is the ratio between the country’s and world average land yields for a 

specific land/area type. It is used to account for differences in biological productivity 

of the same land category in different world regions. The Equivalence factors are 

global values for each land category that represent the world average bioproductivity 

of each land type relative to the world average bioproductivity of all bioproductive 

areas. It is used to transform each land type area in a hypothetical number of global 

hectares (gha) of world average bioproductivity (Monfreda et al., 2004). The 

combination of these two factors results in assigning a weighting to each area based 

on its bioproductive capacity, in order to allow for aggregation across nations and 

different land types. Yield and Equivalence factors are annually computed by the 

Global Footprint Network (www.footprintnetwork.org). In their calculations the 

Global Footprint Network differentiates between seven land categories (Cropland, 

Primary, Marginal, Pasture, Forest, Fisheries and Built-up area).  
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We use the Disturbance factor to account for current and potential land disturbance 

and productivity impacts. Something similar has been applied by Lenzen and 

Murray (2001), who have expressed land disturbance within the Yield factor. The 

Disturbance factor is calculated as follows: 

 

Disturbance factor = Current Disturbance factor x Potential Disturbance factor   

(4.5) 

 

The Current Disturbance factor will fluctuate between 0 (for slightly disturbed land), 

0.2 (partially disturbed land), 0.4 (disturbed land), 0.6 (replaced land), 0.8 (degraded 

land) and 1 (consumed land=built). See Lenzen and Murray (2001) for an analysis of 

each land type and correlations with intensive land zone (ILZ) and extensive land 

zone (ELZ). The Potential Disturbance factor will fluctuate from 1 and over, 

assessing the potential future impact of the production method on the occupied and 

adjacent land and ecosystem. Further research is required within each industry to 

categorize production methods in terms of their ecological impact on biodiversity 

and soil degradation. For all non-classified or sustainable production methods the 

Potential Disturbance factor will take the value of 1. It is important to note that 

firstly, in order to eliminate seasonal variations, and secondly, because Yield and 

Equivalence factors are computed annually, it is suggested to conduct these 

calculations on an annual basis. 

 

2nd Stage Calculations 

Second stage calculations can be performed upon the adoption and release of first 

stage calculations by the majority of manufacturers. With PEF1 adopted as an 

ecolabel, the analysis of material and energy inputs becomes a simple aggregation of 

readily available information. Similarly the labor embedded EI will be computed as 

the aggregate of PEF due to work related employee activities )( WPEF  (i.e., travel, 

consumption). The equations are transformed as follows: 
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Electronic scanning technology can be used to automate PEF input accounting in the 

production chain. This can also be applied to the end-product outlet level, allowing 

consumers to track the aggregate PEF of the products they consume. The accuracy 

of second stage PEF calculations will increase with every annual repetition, as first 

stage PEF estimations based on national and global averages will gradually be 

replaced with producer provided PEF. Pollutants and wastes are still reported 

separately to PEF, however they can now be aggregated to also account for all 

previous stages of the production chain, utilizing first stage reported information on 

activity inputs. 

 

3rd Stage Calculations 

In the initial two stages we chose not to include waste and pollution absorption as 

part of the PEF value, and suggested separate reporting in primary values instead. 

This was done primarily because such information is not currently available, only 

for a minority of pollutants (i.e., CO2 emissions), in which case it is also highly 

controversial. In the case of waste and pollution absorption rates becoming available 

for the majority of wastes and pollutants and land types, PEF equations can be 

adjusted to include waste and pollution absorption as follows. 
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It should be noted that in the case of adopting stage 3 calculations, the Disturbance 

factors used in the 3
AEF  component will need to be reviewed. As pollution and waste 

are the main drivers of soil and ecosystem disturbance, one should be careful not to 

double count their influence. Therefore the Potential Disturbance factor component 

may need to become adjusted or even redundant in third stage calculations. 

 

4.4.3 Addressing methodological criticisms 

A number of major EF criticisms have been considered and we have aimed at 

addressing them within the PEF methodology. 

 

Energy use 

Energy use has been the most problematic area of the current EF methodology, 

which calculates the productive land required to absorb the carbon from burning 

fossil fuels through afforestation. This has attracted a lot of criticism, both because 

the calculation is based on an economically and socially unfeasible option 

(afforestation) and because the aggregate EF and the estimated EF deficits are 

largely dominated by the energy land component (Ayres, 2000; Van Den Bergh and 

Verbruggen, 1999). 

 

Responding to the above criticism we have not included the carbon emissions 

component in the Product Ecological Footprint (PEF). The EF fails to account for 

any other types of emissions or wastes and therefore it seems selective to account 

only for CO2 emissions. We propose that the aggregate PEF accounts only for the 
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biologically productive land that is needed to produce the yearly resource flows that 

constitute the product. We then propose that this measure is combined by an 

estimation of pollutants that have been emitted in the process -which will include 

carbon emissions and can also include reference to the percentage of those that have 

been offset- and by the quantities of other major ecologically hazardous wastes. The 

list of the reported wastes and pollutants will need to be formulated and accepted 

internationally.  

 

Regional land characteristics 

The ecological footprint methodology does not take into account regional and local 

features of land types and land use (Van Den Bergh and Verbruggen, 1999). As 

directly stated in the paper used by the Global Footprint Network to calculate 

nations EF accounts, “a primary product will have an identical Footprint regardless 

of its origin” (Monfreda et al., 2004). This is due to their calculation methodology 

that utilizes tons of output and then translates this into a land value applying the 

global crop yield. 

 

In order to address this limitation we are using direct land area usage rather than 

land area derived from the volume of outputs in the land equation (EFA). As a result, 

differences in productivity between various primary producers will surface even 

from first stage calculations. Furthermore, in second stage calculations we have 

replaced first stage materials EI estimates based on global yields with producer 

provided PEF, which after the first few repetitions will eliminate use of global yield 

averages in the whole system. Yield averages will only be used in order to make 

adjustments due to bioproductivity differences of the same land type between 

various regions and of different land types globally.  

 

Sustainability of production methods 

The Global Footprint Network method (Monfreda et al., 2004) does not account for 

unsustainable resource use or any type of land disturbance or degradation (Van Den 

Bergh and Verbruggen, 1999). An unsustainable agricultural method that could 

increase production output in the short-term with long-term productivity impacts 

would result in a short term, deceiving decrease of EF. The introduction of the 
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Disturbance factor that accounts both for current and potential land disturbance 

addresses this concern. However, further research is required to result in disturbance 

classifications for the range of production methods in each industry, thus allowing 

the full utilization of the Disturbance factor. 

 

Anti-trade bias 

The Ecological Footprint methodology has been widely criticized for introducing an 

anti-trade bias, supporting regional self-sufficiency (ecological autarky) as the most 

desirable scenario (Ayres, 2000; Van Den Bergh and Verbruggen, 1999). When 

applied at regional or national scale the ecological deficit concept assumes that trade 

should only be allowed to the point where the sum of land use domestically and 

abroad equals the available productive land in the region (Van Den Bergh and 

Verbruggen, 1999). This is, however, not a characteristic inherent in the EF 

methodology, it is rather a subject of interpretation and use of the measure. 

 

The application of EF methodology at the product level increases transparency of 

environmental impacts in the production chain, greatly improving consumers’ ability 

to make ecologically informed decisions. PEF in this instance acts as a driver for 

consumer behavior change and thus technical innovation at the corporate and 

industry levels in order to respond to this pressure. An international application will 

give consumers the opportunity to compare domestic and imported products’ 

environmental impacts, most likely resulting in global environmental gains through 

trade and specialization. This use of the EF methodology does not impede or resist 

trade in any way. 

 

Limitations 

Despite our efforts, there are a number of inherent limitations in the Ecological 

Footprint methodology, which we need to identify and examine their potential 

influence on the applicability and accuracy of the measure. Firstly, the Ecological 

Footprint measure is based on the calculation of Yield and Equivalence factors, as 

analysed under first stage calculations. It is not a measure of physical land, rather an 

equivalent of land area assumed to have world average bioproductivity. This idea is 

the backbone of the methodology, which allows for aggregation between a variety of 
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land areas and therefore industrial functions. It limits the accuracy of the measure, as 

it is dependent upon the accuracy of national accounts of yields for each land type. 

 

Furthermore, the average bioproductivity per land type per nation is used in order to 

account for bioproductivity differences of the same land type between different 

countries, not allowing for differences in bioproductivity of the same land type 

within nations to be accounted for. The accuracy of calculations can be improved if 

land type bioproductivity yields are differentiated not on a national basis, but taking 

into consideration natural ecosystem boundaries and climatic differences to define 

regional boundaries instead. 

 

Finally, the inherent complexity of the Ecological Footprint methodology is 

expected to limit end-user understanding of the process that leads to the formation of 

the aggregate value. A desired level of understanding needs to be built with 

appropriate accompanying information and independent marketing and education. 

Especially in the case of early adoption and first stage calculations, the limited 

accuracy of the end value should be stressed. 

 

The above concerns can be addressed and high levels of accuracy and public 

awareness can be achieved, provided that an extended application of the measure 

will be supported by the appropriate mechanisms, such as international databases, 

testing and accreditation bodies, and public educational campaigns. 

 

4.5 Comparing three apple production systems 

The importance and need for the PEF measure is dependent upon the significance of 

differences in PEF values between product categories and production methods. In 

order to investigate potential differences we conducted a small scale comparative 

calculation utilizing data from a research experiment conducted by Reganold et. al 

(2001), who applied organic, conventional and integrated apple production systems 

on replicate plots from 1994 until 1999. In addition to the secondary production data 

we used data available in international databases and literature to calculate the 

required parameters. PEF first stage calculations were conducted for the years 1998 

and 1999, as soil quality ratings were only provided for those two years. EFM has not 
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been taken into consideration, as analytical material input accounts were not 

available. As this is a primary production industry it is estimated that this will not 

greatly impact the results. 

 

4.5.1 Calculating EFA 

Four rows of trees were used for each production system. Each row was planted with 

80 trees, at a density of 2240 trees per ha. Therefore the total area per production 

system was 1/7 ha. 

 

Apple yields for the United States and world yields were based on UN statistics 

(http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567).The Yield factor 

was then calculated as country yield/world yield (Table 4.1, section 1). 

 

Equivalence factors can be sourced from the Global Footprint Network. However, as 

we are interested in historic Equivalence factors we applied the Monfreda et al. 

(2004) equivalence value for cropland of 2.1, which refers to the year 1999. It 

should be noted that energy land from fossil fuel was taken into account in 

Monfreda et al. (2004) calculations. We have not adjusted these values as it will not 

affect the comparability of our results, as only one land area is used. In order to 

apply this method across industries and land types, Equivalence factors computed 

without the inclusion of fossil fuel and nuclear power (nuclear power land 

approximated in GFN calculations as fossil fuel energy land) should be used. 
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Table 4. 1 PEF of three apple production systems 
 

1. Annual Yield 

 
Area harvested 

(ha) 
Product 

quantity (t) 
Yield (ha/t) Annual Yield 

USA     
1998 189230 5282509 27915.81  
1999 186486 4822078 25857.59  
World     
1998 5772689 56668215 9816.61  
1999 5600710 57912083 10340.13  
1998    2.844 
1999    2.501 

2. Disturbance factors 

 Organic Conventional Integrated  
Soil quality     
1998 0.88 0.78 0.92  
1999 0.83 0.70 0.81  
Current Disturbance factor    
1998 0.624 0.644 0.616  
1999 0.634 0.660 0.638  
Potential Disturbance factor    
1998 1.0 6.2 4.7  
1999 1.0 6.2 4.7  
Disturbance factor    
1998 0.624 3.993 2.895  
1999 0.634 4.092 2.999  

3. EFA 

 Organic Conventional Integrated  
1998 (global ha) 0.532 3.406 2.470  
1999 (global ha) 0.476 3.070 2.250  

4. EFL 

 Organic Conventional Integrated  
Labor (h/ha) 2921 2008 2147  
Labor h 417.3 286.9 306.8  
Employee 
Number 

0.227 0.156 0.167 
 

EFL (global ha) 0.161 0.111 0.118  

5. Total production units 

 Organic Conventional Integrated  
1998 (tn) 10.71 9.71 10.00  
1999 (tn) 7.14 10.14 10.00  

6. Product Ecological Footprint 

 Organic Conventional Integrated  
1998 (ha/tn) 0.06 0.36 0.26  
1999 (ha/tn) 0.09 0.31 0.24  
Average (ha/tn) 0.08 0.34 0.25  
Average 
(m2/kg) 

0.8 3.4 2.5 
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Current Disturbance factors were calculated based on Reganold et al. (2001) soil 

quality ratings (Table 4.1, section 2). Soil quality ratings for the three production 

system areas were conducted (Reganold et al., 2001), assessing the following soil 

quality functions: accommodate water entry; facilitate water movement and 

availability; resist surface structure degradation; sustain fruit quality and 

productivity. Each quality function was given a maximum of 0.25 and values were 

aggregated to determine total soil quality rating, where the value of 1 would 

represent soil conditions optimal for both fruit production and environmental 

quality. The Current Disturbance factor for crop land lies between 0.6 (crop land) 

and 0.8 (degraded crop land), where 0 stands for slightly disturbed land and 1 for 

consumed land (built) (Lenzen and Murray, 2001). Utilizing the soil quality ratings 

we applied a linear analogy to determine the Disturbance factor, where for soil 

quality of 1 the Disturbance factor would be 0.6 (crop land) and for soil quality 0 it 

would be 0.8 (degraded crop land). 

 

Potential Disturbance factors were calculated based on Reganold et al (2001) 

environmental impact ratings (Table 4.1, section 2). They applied an index 

developed by Stemilt Growers Inc of Wenatchee, Washington as part of their 

‘Responsible Choice’ program. The index takes under consideration chemical 

efficacy, potential worker and consumer exposure, leaching potential, soil sorption 

index, chemical half-life and the effects of chemicals on beneficial organisms, all 

based on toxicological studies and chemical characteristics of each product input. 

The active ingredient of each pesticide and the dose and frequency of application 

were used to calculate the environmental impact ratings. The impact ratings of the 

organic system were very low (approximately 100 points in the applied point 

system). Attributing to the organic system a Potential Disturbance factor of 1 (none 

or slight potential disturbance), we used the relative impact of the three systems to 

result in a value of 6.2 and 4.7 for the conventional system and integrated systems 

respectively. The overall Disturbance factors were then calculated applying equation 

4.5 (Table 4.1, section 2). EFA values were then derived by applying equation 4.3 

(Table 4.1, section 3). 
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4.5.2 Calculating EFL 

National EF figures are computed by the Global Footprint Network. US historical 

values for 1998 and 1999 were not available and therefore 2003 values were used as 

an approximation. Excluding carbon and nuclear footprint the US EF was 3.37 

ha/capita (therefore no need to divide by the population in equation 4.4). 

 

Reganold et al. (2001) report annual labor hours per ha (Table 4.1, section 4). 

Values were not provided for each year separately; therefore a single EFL factor will 

be calculated for both years. From the annual labor hours per ha we derive the 

number of fulltime employees for each production system by multiplying with the 

area (in ha) and dividing with the average annual labor hours (1835 hours in the year 

2000) for a full time employee in the US (OECD, 2008). EFL values were then 

derived applying the equation 4.4 (Table 4.1, section 4). 

 

4.5.3 Aggregation 

The values of annual production for each production system were extracted from 

Reganold et al (2001). There were then transformed to total production units (Table 

4.1, section 5). 

 

PEF was then calculated by applying equation 4.1. The conventional production 

method was found to cause an environmental impact four times greater than the 

organic method (Table 4.1, section 6). The three apple production systems example 

illustrates that significant difference in PEF values can surface even from first stage 

calculations and within a single product category.  

 

4.6 Main findings and further implications 

In an effort to assess significant costs that are not reflected in market prices, we are 

returning to the use of a land measure, after having completed what seems to be a 

full historical circle (Figure 4.2). Starting from the physiocrats, who believed that 

wealth is derived solely from the value or development of agricultural land and 

progressing to the labor theory of value, according to which the values of 

commodities are related to the labor needed to produce them, and to the use of 

embodied energy as a measure of commodities value. 
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Figure 4. 2 Historical concepts of value 
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Financial valuation today takes into account all the above types of capital (land, 

labor, energy and others); however it fails to account for certain social or 

environmental costs, called negative externalities. Aggregation effects can lead to 

the affected resource (i.e., water or air quality) becoming scarce. Ecological 

footprinting provides a consistent way of measuring ecological externalities across 

industries. 

 

Product ecological footprint (PEF) as an ecolabel would allow consumers to realize 

and compare the environmental impact of a variety of products, raising awareness in 

categories of seemingly benign, conventional products, eliminating misconception 

and underestimation of ecological impacts. Following de Boer’s (2003) 

classification of ecolabels as either benchmarks to achieve ideals (e.g., EU eco-label, 

Energy consumption label) or as bottom lines to avoid ills (e.g., Organic label, fair 

trade label), PEF would be a multi-sector label that would fall in the first category as 

a driver of environmental improvements. Labels of this form have been criticized 

firstly for the lack of a methodology that can clearly distinguish products within an 

entire category and secondly for the identification of an ‘ideal’ based on the existing 

products, thus discouraging innovation (De Boer, 2003). PEF addresses both these 

concerns, firstly due to its widely applicable methodological basis that can be 

applied within and across product categories, allowing direct comparisons to take 

place. Secondly, the rating is not related to an optimum, or to the product’s relative 

position in the market, in contrast to EU eco-labelling that is awarded to a 

percentage of the higher performers in each category. PEF is therefore a widely 

EF Value 

Energy Value 

Labor Value 
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applicable, quantitative measure, dependent only upon the supply, manufacturing 

and distribution processes of the particular product. 

 

We are not advocating the replacement of current labels, and especially sector-

specific labels by PEF. Sector-specific labels are required for very complex products 

or when they act as indicators for the avoidance of sector-specific ills (e.g., Dolphin 

Safe label for tuna, No Sweat label, Green electricity label) (De Boer, 2003). PEF 

could only replace generic, multi-sector labels that work as benchmarks (such as the 

EU eco-label) and it could certainly have a complementary use to the majority of 

other ecolabels. PEF could act as a holistic value of product ecological impacts, 

providing a level of consistency across product categories that would reduce 

consumer confusion and mistrust to ecolabels in general. As a widely applicable, 

quantitative ecolabel, PEF could drive market adjustments of demand, supply and 

pricing, as comparisons and preference shifts would occur both within same product 

categories (e.g., farmed salmon vs free-range salmon, fresh vegetables vs frozen 

vegetables) and across product categories and product substitutes (e.g., fish vs meat, 

fruits vs vegetables). Figure 4.3 provides an illustration of the PEF consumption 

model that would be developed upon a widespread adoption of the measure. 

 

Such wide application can contribute to a top-down sharing of environmental 

responsibility, by allowing the consumer to make informed and therefore responsible 

purchasing decisions. Consecutively, bottom-up influence of industry environmental 

performance increases in span and sophistication. We would envisage that as a result 

the variation of PEF values within product categories (Figure 4.3) would decrease, 

shifting the category averages downwards. Such a model allows monitoring single 

industry and aggregate industries PEF and therefore collective environmental impact 

changes over time. 
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Figure 4. 3 PEF Consumption Model 
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In addition to proving the ability for the consumer to choose products that have 

reduced environmental impact, such information is necessary to drive a cultural 

change away from over-consumption. Private industry may achieve efficiency 

improvements (i.e., energy and material efficiency), however efficiency increases 

can lower the cost of production and eventually lead to increased consumption, and 

thus increased aggregate environmental impact (York and Rosa, 2003). This 

“efficiency paradox” has led to US energy consumption rising the fastest where 

efficiency improved the most (Rubin and Tal, 2007). Products may become more 

environmentally friendly, but if there is no mechanism preventing the consumer 

from reaping the financial benefits of efficiency improvements, and while social 

status is linked with increased levels of materialistic consumption, consumption per 

capita and aggregate environmental impacts will continue increasing. By applying 

the notion that one cannot manage what one cannot measure, a measure of product 
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environmental impact that can be aggregated with each purchase can be used to 

measure and thus motivate individuals to manage their aggregate environmental 

impact. Supported by swipe card and electronic transaction technologies, PEF 

monitoring and management can become an automated and highly accurate process. 

If such a tool is marketed correctly by policymakers or integrated in tax and other 

policy measures it could assist in detaching economic and social status growth from 

consumption. Conspicuous consumption could gradually be replaced by a new 

culture of responsible consumption, whereby consumers exercise restraint and 

creativity in the acquisition of goods and services considering the ultimate 

ecological and social impact of their everyday choices. 

 

Similar benefits can be achieved with as a corporate setting, as the aggregate PEF of 

all the produced units is an accurate measure of the aggregate corporate ecological 

impact. As Figge and Hahn (2004) stress, increasing eco-efficiency can result in 

decreased eco-effectiveness (the absolute value of ecological impact) due to the 

rebound effect of increased growth and use of environmental resources. 

Furthermore, investments in eco-efficiency can result in decreased economic 

effectiveness if opportunity costs of other investment opportunities are not taken into 

consideration (Figge and Hahn, 2004). Whereas PEF is a measure of eco-efficiency, 

the aggregate PEF measures absolute eco-effectiveness. Decision makers can 

compare the aggregate PEF with aggregate costs for each business scenario. A 

Pareto set for the two-objective minimization problem is illustrated in Figure 4.4. A 

solution is said to be Pareto optimal when it cannot be improved in one of the 

objectives without adversely affecting at least one other objective (Ngatchou et al., 

2005). 
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Figure 4. 4 Pareto front 
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Decision makers can then select among scenarios that lie on the Pareto front that 

optimizes both functions (Figure 4.4). PEF as a widely applicable and quantitative 

measure of corporate eco-effectiveness, can be used in multicriteria optimization 

methods to enhance decision making, integrating ecological considerations with 

multiple business targets or concerns. 

 

4.7 Conclusion 

We have examined the potential of the EF as a means to go beyond ecolabelling, by 

providing a practical way to link individuals’ consumption with their ecological 

impact, thus developing a market-driven approach to internalizing externalities. The 

e-ABC methodology will allow separation of ecological impacts for each production 

line at first stage calculations. When higher accuracy is achieved, at second stage 

calculations, e-ABC can be applied to further break down PEF contributions of each 

activity, resulting in identification of ecological impact drivers and improvement 

opportunities within business processes. As traditional activity based costing and 

modelling encouraged more cost-conscious design (Tornberg et al., 2002), e-ABC is 

expected to drive eco-technological innovations. 

 

Pareto front 
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PEF as an eco-label would be superior to existing ecolabels, as it would provide a 

direct link to product environmental impact, reducing misperceptions of ecological 

impact of products. The quantitative nature of the measure increases comprehension 

and comparability, as there is no need for classification (like EU energy levels) or 

use of positive and negative expressions in labelling. Furthermore, the indicator is 

simple (one aggregate number), but can also provide more analytical information by 

outlining impacts per land or EI category. In addition to the above, when aggregated 

it becomes an eco-efficiency measure that can be used to monitor individuals and 

corporate overall ecological performance, becoming a useful managerial tool. 

 

Finally, PEF’s real strength lies in its level of adoption. Like the majority of 

information technology innovations, we estimate increasing returns to scale. The 

wider the adoption of the label, the greater the usefulness for the consumer, as it 

allows for wider comparability of products. Also, wider applicability would result in 

reduced implementation costs, as PEF for processed material inputs becomes 

available and does not need to be estimated. A transition to second stage calculations 

will then result in increasing accuracy and thus increased usefulness both for 

business and individual users.  

 

Further research is needed in defining environmental policy options that could 

facilitate the implementation of Product Ecological Footprint, such as incentives for 

producers, link to carbon trading, incentives for consumers, usage for taxation by 

applying “the polluter pays” principle, subsidies for low PEF production or 

consumption, etc. The development of such instruments should be complemented 

with education of the public, not on changing preferences, but on helping consumers 

understand the economic-ecological instruments that are in place (Wagner, 2006). 

 



 

 
 
 
 
 
 
 
 
 
 
 

CHAPTER 5. 

GENERAL CONCLUSIONS 
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Human activities have impacted natural ecosystem functions to various degrees, 

resulting in numerous local and global ecological problems, such as pollution, 

biodiversity loss, deforestation, soil degradation and climate change. Although the 

importance of these issues is widely recognized, the complexity of both the 

ecological systems and our socio-economic structures makes their management and 

alleviation very difficult. Climate variation for example is influenced by a variety of 

factors and processes; anthropogenic forcing, solar activity and the complex 

interaction of ocean and atmosphere circulation, to name a few. Climate models’ 

uncertainty often results in contradictory predictions; with the example of a recent 

Nature publication (Keenlyside et al., 2008), that models natural climate variations 

in the North Atlantic and tropical Pacific, predicting that global surface temperatures 

may not increase over the next decade. Scientific variability and uncertainty, along 

with complex political processes and the partly unknown socio-economic effects of 

radical new polices, impede global and national decision making and change. 

 

Increased scientific knowledge of ecosystem functioning and eco-technology 

advancements aim at providing long-term solutions. Referring for instance to the 

previous example of climate change, detailed modeling and analysis has led the 

WWF Global Energy Task force to the conclusion that known sustainable energy 

sources and proven technologies could be harnessed between now and 2050 to 

achieve significant reductions in climate-threatening emissions, enabling a long-term 

stabilization of their concentrations in the atmosphere (Mallon et al., 2007). In the 

majority of such predictions however, scientists call for timely economic policies 

and measures, as well as intergovernmental actions, as delays will make the 

solutions increasingly difficult and expensive, and significantly increase the risk of 

failure. 

 

In addition to the need for timely political and managerial decision making, it is 

necessary to facilitate and direct cultural and behavioral change both at the 

individual and at the collective social level. Historically major change has been 

driven by the collective power of individuals and in this case that power is twofold. 

Firstly individuals can influence industry and decision makers by exercising their 

purchasing and voting powers. In addition to that however, it is crucial for the 
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resolution of the ecological challenge to culturally and socially re-evaluate the way 

we define individual, social and economic progress. The association of progress with 

continuous growth and increased consumption, along with the increasing human 

population is leading to a severe strain of earth’s resources and its waste 

accumulation capacity. The vision of a sustainable future for human kind should 

therefore be inseparably linked to a major cultural shift away from conspicuous 

consumption, which will very likely also influence our social and economic 

structures. 

 

This body of work contributes to our understanding and management of complex 

socio-ecological systems at the individual, collective and management levels. One of 

the major contributions is the development of a novel theoretical approach to 

integrating sustainability and resilience in managing complex systems. We form and 

test the validity and applicability of the Sustainability-Resilience Architecture, a 

framework that utilizes sustainability, as well as structural and functional resilience 

parameters, to interpret and predict the condition of a complex system. The 

framework can identify early signs of rigidity and direct strategic action towards 

achieving timely transformations at smaller scales to avoid large scale system 

collapse.  

 

The S-R Architecture framework was developed and applied to the corporate 

system. Future research is directed towards testing our proposed hypothesis of 

potential movements within the framework, leading to the development of a theory 

of movement within the framework that would enhance its predictive capacity. The 

enquiry should focus on the direction, degrees of freedom, causality, and effects of 

movements on long-term system survival and stakeholder satisfaction. We 

encourage testing the applicability of the framework in a variety of complex systems 

other than the corporate domain, from local to large scale socio-ecological system 

scales. In theory the framework would be applicable, the challenge lies in defining 

the system boundaries and adjusting the sustainability and resilience measures 

accordingly. 
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At the individual level we have developed a widely applicable methodology for 

Product Ecological Footprint calculation that can firstly increase individuals’ 

awareness, secondly allow them to monitor and take action to reduce their personal 

ecological impact and thirdly influence industry trends by incorporating PEF in 

consumers purchasing behavior. Wide, cross-industry PEF application can lead to 

significant changes of demand and thus market pressure resulting in industry 

competition and reduction of product ecological impacts. Furthermore, it can be 

used within a single industry or company to compare investment costs with changes 

in ecological impact, leading in optimization of both functions. PEF can be a driver 

of cultural change, assisting the development of a new definition of progress, 

replacing conspicuous consumption with responsible and environmental friendly 

consumption. Future work is required in testing and validating the methodology at 

smaller scales and studying possible side-effects and influences on local economies 

prior to large-scale applications. Industry associations and research organizations 

committed to sustainability present good opportunities for collaborative research in 

this direction. 

 

At the collective community level, a number of stakeholder engagement practices 

and frameworks are currently available. However, there is still very limited 

awareness of the complexity challenges among stakeholders, who are commonly 

directed to a triple bottom line analysis aiming at maximizing a combination of 

outputs. In contrast to this practice we have developed the Index of Sustainable 

Functionality, a framework that focuses on the identification and assessment of 

critical processes and functions of a complex system rather than focusing on 

standing stocks. The framework illustrates the basic interactions between system 

components (systems and perspectives) in a simple way, allowing understanding and 

application at multiple system domains and community levels. The index in its 

aggregate form remains linear and does not account for function interdependencies. 

Therefore, it does not provide a clear indication of the overall domain’s 

vulnerability, exhibiting limited predictive capacity. As a result, this framework has 

limited use for managerial decision making, it is however an excellent tool for 

stakeholder engagement and community dialogue in order to raise awareness and 

instil complex system thinking. 
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Finally, we conclude that although sustainability has proven to be a concept that has 

successfully raised individual, industry and government awareness globally, it does 

not appear to be a successful operational concept when applied to guide decision 

making. It needs to be accompanied with the understanding and management of 

structural and functional elements of systems and therefore it should be examined in 

the context of theories of complexity, such as the resilience theory. This body of 

work is an effort in this direction. Further research is required to effectively guide 

decision makers in managing complex systems. In order to achieve that a wide 

cultural shift is required, supported by the development of appropriate educational 

and personal assessment frameworks. The short-term and primarily financial-based 

assessment of political leaders and organizational managers can disorientate 

strategic decision making from long-term system survival. The success of the 

sustainability quest lies in the integration of complex system thinking in community 

and organizational culture and the development of personal and complex system 

assessment and decision making support frameworks to support this process. 

 



120 | G e n e r a l  C o n c l u s i o n s  

 

 

 



 

BIBLIOGRAPHY 

 

Aaker DA. 1989. Managing Assets and Skills - the Key to a Sustainable Competitive 

Advantage. California Management Review 31(2): 91-106. 

Abel N, Cumming DHM, Anderies JM. 2006. Collapse and reorganization in social-

ecological systems: questions, some ideas, and policy implications. Ecology 

and Society 11(1). 

Adger WN, Brown K, Tompkins EL. 2006. The political economy of cross-scale 

networks in resource co-management. Ecology and Society 10(2). 

Anderies JM, Walker BH, Kinzig AP. 2006. Fifteen weddings and a funeral: case 

studies and resilience-based management. Ecology and Society 11(1). 

Anderson PW. 1972. More Is Different. Science 177(4047): 393-396. 

Angwin D, Vaara E. 2005. Introduction to the special issue. 'Connectivity' in 

merging organizations: Beyond traditional cultural perspectives. Organization 

Studies 26(10): 1445-1453. 

Appleyard RT (ed). 1991. Western Australia into the Twenty First Century. St. 

George Books. 

Arrow KJ, Fisher AC. 1974. Environmental Preservation, Uncertainty, and 

Irreversibility. Quarterly Journal of Economics 88(2): 312-319. 

Australian Bureau of Statistics. 2004a. Feature Article: State Accounts: A Snapshot 

of WA's Economy in 2003-04 – 1367.5. ABS.  

Australian Bureau of Statistics. 2004b. Measuring Australia's Progress 1370.0 – 

2004. ABS. 

Ayres RU. 2000. Commentary on the utility of the ecological footprint concept. 

Ecological Economics 32(3): 347-349. 

Azapagic A. 2003. Systems approach to corporate sustainability - A general 

management framework. Process Safety and Environmental Protection 

81(B5): 303-316. 

Azapagic A. 2004. Developing a framework for sustainable development indicators 

for the mining and minerals industry. Journal of Cleaner Production 12(6): 

639-662. 



122 | B i b l i o g r a p h y  

 

Azapagic A, Perdan S. 2005. An integrated sustainability decision-support 

framework - Part I: Problem structuring. International Journal of Sustainable 

Development and World Ecology 12(2): 98-111. 

Azar C, Berndes G, Hansson J, Grahn M. 2006. On Brazilian ethanol and the 

ecological footprint. Bioscience 56(1): 5-5. 

Baker WE, Sinkula JM. 1999. The synergistic effect of market orientation and 

learning orientation on organizational performance. Journal of the Academy of 

Marketing Science 27(4): 411-427. 

Baldwin N. 2001. Henry Ford and the Jews: The mass production of hate. Public 

Affairs, Perseus Book Group: New York NY. 

Barney JB, Hansen MH. 1994. Trustworthiness as a source of competitive 

advantage. Strategic Management Journal 15(Sp. Iss.): 175-190. 

Baum JAC, Oliver C. 1991. Institutional linkages and organizational mortality. 

Administrative Science Quarterly 36(2): 187-218. 

Berkes F. 2006. From community-based resource management to complex systems: 

the scale issue and marine commons. Ecology and Society 11(1). 

Berman SL, Wicks AC, Kotha S, Jones TM. 1999. Does stakeholder orientation 

matter? The relationship between stakeholder management models and firm 

financial performance. Academy of Management Journal 42(5): 486-506. 

Bernard J. 2003. Ford’s distribution network in Europe: recent developments in the 

context of the history of automobile retailing. In Ford, The European History, 

1903 - 2003, H Bonin, Y Lung, S Tolliday (eds). P.l.a.g.e.: Paris: 417-442. 

Biel A, Larsson M. Gärling T. 1999. Köpbeteendets psykologi: Miljömedvetenhet 

och vanor [The psychology of buying behaviour: environmental consciousness 

and habits]. In Den flerdimensionella konsumenten [the multi-dimensional 

consumer], K Ekström, H Forsber. Tre Böcker: Göteborg, Sweden: 129-146. 

Bjørnenak T, Mitchell F. 2002. The development of activity-based costing journal 

literature, 1987-2000. European Accounting Review 11(3): 481-508. 

Black A, Hughes P. 2001. The Identification of Analysis of Indicators of Community 

Strength and Outcomes. Occasional Paper nr. 3. Department of Family and 

Community Services. Commonwealth Government of Australia: Canberra. 



B i b l i o g r a p h y  | 123 

 

Board on Sustainable Development, Policy Division National Research Council 

.1999. Our Common Journey: A Transition Toward Sustainability. National 

Academy Press: Washington DC. 

Boje DM, Whetten DA. 1981. Effects of organizational strategies and contextual 

constraints on centrality and attributions of influence in interorganizational 

networks. Administrative Science Quarterly 26(3): 378-395. 

Bowman EH, Helfat CE. 2001. Does corporate strategy matter? Strategic 

Management Journal 22(1): 1-23. 

Bradshaw GA, Borchers JG. 2000. Uncertainty as information: narrowing the 

science-policy gap. Conservation Ecology 4(1). 

Briskoe B. 1921. The inside story of General Motors. Detroit Saturday Night. 

January 15: 2-9. 

Brundtland GH. 1987. Our Common Future. Report of the World Commission on 

Environment and Development. Oxford University Press: Oxford UK. 

Bunting SW. 2001. Appropriation of environmental goods and services by 

aquaculture: a reassessment employing the ecological footprint methodology 

and implications for horizontal integration. Aquaculture Research 32(7): 605-

609. 

Butler CD, Oluoch-Kosura W. 2006. Linking future ecosystem services and future 

human wellbeing. Ecology and Society 11(1). 

Cagwin D, Bouwman MJ. 2002. The association between activity-based costing and 

improvement in financial performance. Management Accounting Research 

13(1): 1-39. 

Carbon Trust. 2007a. Nine leading companies commit to carbon footprint products. 

Carbon Trust. Available at http://www.carbontrust.co.uk/News/presscentre/ 

2007/190907_Partner+announcement.htm 

Carbon Trust. 2007b. Carbon Trust launches Carbon Reduction Label. Carbon 

Trust. Available at http://www.carbontrust.co.uk/News/presscentre/2007/ 

160307_carbon_label.htm 

Carpenter SR, Bennett EM, Peterson GD. 2006. Scenarios for ecosystem services: 

an overview. Ecology and Society 11(1). 

Carpenter SR, Cottingham KL. 1997. Resilience and restoration of lakes. 

Conservation Ecology 1(1). 



124 | B i b l i o g r a p h y  

 

Carpenter SR, Leavitt PR. 1991. Temporal variation in the paleolimnological record 

arising from a trophic cascade. Ecology 72(1): 277–285. 

Carpenter SR, Walker B, Anderies JM, Abel N. 2001. From metaphor to 

measurement: Resilience of what to what? Ecosystems 4(8): 765-781. 

Cassou C, Terray L, Hurrell JW, Deser C. 2004. North Atlantic winter climate 

regimes: Spatial asymmetry, stationarity with time, and oceanic forcing. 

Journal of Climate 17(5): 1055-1068. 

Chaitin GJ. 1966. On the length of programs for computing finite binary sequences. 

Journal of the ACM 13(4): 547-569. 

Chandler AD. 1964. Giant Enterprise: Ford, General Motors, and the Automobile 

Industry. Harcourt, Brace, & World, Inc.: New York NY. 

Chapin FS, Zavaleta ES, Eviner VT, Naylor RL, Vitousek PM, Reynolds HL, 

Hooper DU, Lavorel S, Sala OE, Hobbie SE, Mack MC, Diaz S. 2000. 

Consequences of changing biodiversity. Nature 405(6783): 234-242. 

Chen B, Chen GQ. 2006. Ecological footprint accounting based on emergy - A case 

study of the Chinese society. Ecological Modelling 198(1-2): 101-114. 

Chen M, Wang RS, Zhang LJ. Xu CG. 2006. Temporal and spatial assessment of 

natural resource use in China using ecological footprint method. International 

Journal of Sustainable Development and World Ecology 13(4): 255-268. 

Chi GQ, Stone B. 2005. Sustainable transport planning: Estimating the ecological 

footprint of vehicle travel in future years. Journal of Urban Planning and 

Development 131(3): 170-180. 

Chopin T, Buschmann AH, Halling C, Troell M, Kautsky N, Neori A, Kraemer GP, 

Zertuche-Gonzalez JA, Yarish C, Neefus C. 2001. Integrating seaweeds into 

marine aquaculture systems: A key toward sustainability. Journal of Phycology 

37(6): 975-986. 

Cilliers P. 2005. Complexity, Deconstruction and Relativism. Theory, Culture & 

Society 22(5): 255-267. 

Cobb C, Glickman M, Cheslog C. 2001. The Genuine Progress Indicator 2000 

Update. Redefining Progress Issue Brief. Redefining Progress: Oakland CA. 

Common MS, Norton TW. 1992. Biodiversity – its conservation in Australia, Ambio 

21(3): 258–265. 



B i b l i o g r a p h y  | 125 

 

Conger JA. 1999. Charismatic and transformational leadership in organizations: An 

insider's perspective on these developing streams of research. Leadership 

Quarterly 10(2): 145-179. 

Costanza R, Daly HE. 1992. Natural Capital and Sustainable Development. 

Conservation Biology 6(1): 37-46. 

Costanza R, Wainger L. Folke C. Mäler KG. 1993. Modeling complex ecological 

economic systems. Bioscience 43(8): 545-555. 

Coutu DL. 2002. How resilience works. Harvard Business Review 80(5): 46-55. 

Couzens J. 1903. Letter to the editor: Ford on the Selden Association. Cycle and 

Automobile Trade Journal Oct 1. 

Cui YJ, Hens L, Zhu YG, Zhao JZ. 2004. Ecological footprint of Shandong, China. 

Journal of Environmental Sciences 16(1): 167-172. 

Cumming GS, Cumming DHM, Redman CL. 2006. Scale mismatches in social-

ecological systems: causes, consequences, and solutions. Ecology and Society 

11(1). 

Dahlgaard JJ, Dahlgaard SMP. 2002. From defect reduction to reduction of waste 

and customer/stakeholder satisfaction (understanding the new TQM 

metrology). Total Quality Management 13(8):1069-1085. 

Daily GC, Ehrlich PR. 1992. Population, Sustainability, and Earths Carrying-

Capacity. Bioscience 42(10): 761-771. 

Dalton J. 1926. What will Ford do next? Motor(May). 

D'Antonio CM, Vitousek PM. 1992. Biological invasions by exotic grasses, the 

grass/fire cycle, and global change. Annual Review of Ecology and Systematics 

23: 63–87. 

Davis JJ. 1993. Strategies for environmental advertising. The Journal of Consumer 

Marketing 10(2): 19-36. 

Day DV, Lord RG. 1988. Executive leadership and organizational performance – 

Suggestions for a new theory and methodology. Journal of Management 14(3): 

453-464. 

De Boer J. 2003. Sustainability labelling schemes: the logic of their claims and their 

functions for stakeholders. Business Strategy and the Environment 12(4): 254-

264. 



126 | B i b l i o g r a p h y  

 

De Leo GA, Levin S. 1997. The multifaceted aspects of ecosystem integrity. 

Conservation Ecology 1(1). 

De Oliveira MED, Vaughan BE. 2006. On Brazilian ethanol and the ecological 

footprint - Response. Bioscience 56(1): 5-5. 

De Oliveira MED, Vaughan BE, Rykiel EJ. 2005. Ethanol as fuels: Energy, carbon 

dioxide balances, and ecological footprint. Bioscience 55(7): 593-602. 

Dembo R. 2007. Enterprise Carbon Management. Zerofootprint Inc. Available at 

http://www.zerofootprint.net/pdf/Enterprise_Carbon_Management.pdf 

Department of Environment of Western Australia. 2003. Salinity Investment 

Framework Interim Report – Phase I. Report nr SLUI 32. Salinity and Land 

Use Impacts Series. Department of Environment 

Dervitsiotis KN. 2003. The pursuit of sustainable business excellence: guiding 

transformation for effective organizational change. Total Quality Management 

& Business Excellence 14(3): 251-267. 

Deutsch L, Folke C, Skanberg K. 2003. The critical natural capital of ecosystem 

performance as insurance for human well-being. Ecological Economics 44(2-

3): 205-217. 

Diamond MA. 1996. Innovation and Diffusion of Technology: A Human Process. 

Consulting Psychology Journal: Practice and Research 48(4): 221-229. 

Diekmann A, Preisendörfer P. 2003. Green and greenback. The behavioural effects 

of environmental attitudes in low-cost and high-cost situations. Rationality and 

Society 15(4): 441-472. 

Dierberg FE, Kiattisimkul W. 1996. Issues, impacts, and implications of shrimp 

aquaculture in Thailand. Environmental Management 20(5): 649-666. 

Dirks KT, Ferrin DL. 2001. The role of trust in organizational settings. Organization 

Science 12(4): 450-467. 

Dodgson M. 1993. Organizational learning – A review of some literatures. 

Organization Studies 14(3): 375-394. 

Done TJ. 1992. Phase shifts in coral reef communities and their ecological 

significance, Hydrobiologia 247(1-3): 121–132. 

Dow Jones Sustainability Indexes. 2004. Dow Jones Sustainability World Indexes 

Guide: Version 6.0. SAM Indexes GmbH. 



B i b l i o g r a p h y  | 127 

 

Du B, Zhang KM, Song GJ, Wen ZG. 2006. Methodology for an urban ecological 

footprint to evaluate sustainable development in China. International Journal of 

Sustainable Development and World Ecology 13(4): 245-254. 

Elkington J. 1994. Towards the Sustainable Corporation: Win-Win-Win Business 

Strategies for Sustainable Development. California Management Review 

36(2): 90-100. 

Elkington J, Emerson J, Beloe S. 2006. The value palette: A tool for full spectrum 

strategy. California Management Review 48(2): 6-28. 

Elmqvist T, Colding J, Barthel S, Borgstrom S, Duit A, Lundberg J, Andersson E, 

Ahrne K, Ernstson H, Folke C, Bengtsson J. 2004. The dynamics of social-

ecological systems in urban landscapes - Stockholm and the National Urban 

Park, Sweden. Annals of the New York Academy of Sciences 1023: 308-322. 

Elmqvist T, Folke C, Nystrom M, Peterson G, Bengtsson J, Walker B, Norberg J. 

2003. Response diversity, ecosystem change, and resilience. Frontiers in 

Ecology and the Environment 1(9): 488-494. 

EOLSS-UNESCO. 2002. Encyclopedia Of Life Support Systems Conceptual 

Framework. Eolss Publishers Co. Ltd. 

Estes JA, Duggins DO. 1995. Sea otters and kelp forests in Alaska: generality and 

variation in a community ecological paradigm. Ecological Monographs 65(1): 

75–100. 

Feldman E. 2006. The Culture of Legal Change: A Case Study of Tobacco Control 

in Twenty-First Century Japan. Paper 113 University of Pennsylvania Law 

School, Scholarship at Penn Law: Philadelphia PA. 

Figge F, Hahn T. 2004. Sustainable Value Added - measuring corporate 

contributions to sustainability beyond eco-efficiency. Ecological Economics 48: 

173-187. 

Fiol CM, Lyles MA. 1985. Organizational Learning. Academy of Management 

Review 10(4): 803-813. 

Folke C. 2003. Freshwater for resilience: a shift in thinking. Philosophical 

Transactions of the Royal Society of London Series B-Biological Sciences 

358(1440): 2027-2036. 



128 | B i b l i o g r a p h y  

 

Folke C, Carpenter S, Walker B, Scheffer M, Elmqvist T, Gunderson L, Holling CS. 

2004. Regime shifts, resilience, and biodiversity in ecosystem management. 

Annual Review of Ecology Evolution and Systematics 35: 557-581. 

Folke C, Hahn T, Olsson P, Norberg J. 2005. Adaptive governance of social-

ecological systems. Annual Review of Environment and Resources 30: 441-

473. 

Ford H. 1923. My life and work. William Heinemann Ltd.: London UK. 

Ford Motor Company Archives a. Reminiscences: Max F. Wollering, Frank Bennett 

and Charles E Sorensen. 

Ford Motor Company Archives b. Reminiscences: George Brown: 46-47. 

Ford Motor Company Archives c. Reminiscences: Irving Bacon. 

Ford Motor Company Archives. 1903. Minute book. vol 2. entry for June 16 1903. 

Ford Motor Company Archives. 1905. Minute book. Accession 85. 

Ford Motor Company Archives. 1906. Minute book. entry for Sept 7 1906. 

Ford Motor Company Archives. 1926. Kanzler memo 26 Jan 1926. Account 1. Box 

116. 

Ford Motor Company Archives. 1953. Account 62. Box 5. 

Ford Motor Company Archives. 2001. Research Findings About Ford-Werke Under 

the Nazi Regime. The Ford Motor Company. 

Ford Motor Company. 1904. Ford ads. Horseless Age. January 27 and March 30. 

Ford Motor Company. 1909. Ford Times. May: 17. 

Ford Motor Company. 1911. A significant event. Ford Times. February. 

Foster KR, Vecchia P, Repacholi MH. 2000. Risk management - Science and the 

precautionary principle. Science 288(5468): 979-181. 

Freeman ER. 1984. Strategic management: A stakeholder approach. Pitman: Boston 

MA. 

Fricker A. 1998. Measuring up to sustainability. Futures 30(4): 365–375. 

Friedkin NE. 1993. Structural bases of interpersonal influence in groups: A 

longitudinal case study. American Sociological Review 58(6):861-872. 

Frooman J. 1999. Stakeholder Influence Strategies. Academy of Management 

Review 24(2): 191-205. 

Gardiner P. 1988. Kierkegaard. Oxford University Press: Oxford UK. 



B i b l i o g r a p h y  | 129 

 

Geri N, Ronen B. 2005. Relevance lost: the rise and fall of activity-based costing. 

Human Systems Management 24(2): 133-144. 

Global Reporting Initiative. 2002. Sustainability Reporting Guidelines. Global 

Reporting Initiative. 

Guinée JB, Gorree M, Heijungs R, Huppes G, Kleijn R, Van Oers L, Wegener 

Sleeswijk A, Suh S, Udo de Haes HA, De Bruijn JA, Van Duin R,  Huijbregts 

MAJ (eds). 2002.  Handbook on Life Cycle Assessment: Operational Guide to 

the ISO Standards. Kluwer Academic Publisher: Dordrecht.Gunderson LH. 

2000. Ecological resilience - in theory and application. Annual Review of 

Ecology and Systematics, 31: 425-439. 

Gunderson LH, Carpenter SR, Folke C, Olsson P, Peterson G. 2006. Water RATs 

(resilience, adaptability, and transformability) in lake and wetland social-

ecological systems. Ecology and Society 11(1). 

Gunderson LH, Holling CS (eds). 2001. Panarchy: understanding transformations 

in human and natural systems. Island Press: Washington DC. 

Haberl H, Erb KH, Krausmann F. 2001. How to calculate and interpret ecological 

footprints for long periods of time: the case of Austria 1926-1995. Ecological 

Economics 38(1): 25-45. 

Halpern CB. 1988. Early Successional Pathways and the Resistance and Resilience 

of Forest Communities. Ecology 69(6): 1703-1715. 

Hamel G, Valikangas L. 2003. The quest for resilience. Harvard Business Review 

81(9): 52-63. 

Hamilton C, Denniss R. 2000. Tracking Well Being in Australia, The Genuine 

Progress Indicator 2000. Discussion Paper No.35. The Australia Institute: 

Canberra. 

Hart SL. 1997. Beyond greening: Strategies for a sustainable world. Harvard 

Business Review 75(1): 66-76. 

Heimonen K. 1999. Stationarity of the European real exchange rates-evidence from 

panel data. Applied Economics 31(6): 673–677. 

Hillman AJ, Keim GD. 2001. Shareholder value, stakeholder management, and 

social issues: What's the bottom line? Strategic Management Journal 22(2): 

125-139 



130 | B i b l i o g r a p h y  

 

Holden E, Hoyer KG. 2005. The ecological footprints of fuels. Transportation 

Research Part D: Transport and Environment 10(5): 395-403. 

Holland JH, Miller JH. 1991. Artificial Adaptive Agents in Economic Theory. The 

American Economic Review 81(2): 365-370. 

Holling CS. 1973. Resilience and stability of ecological systems. Annual Review of 

Ecology and Systematics 4: 1-23. 

Holling CS. 1986. Resilience of ecosystems; local surprise and global change. In 

Sustainable Development of the Biosphere, WC Clark, RE Munn (eds). 

Cambridge University Press: Cambridge, Chap. 10: 292-317. 

Holling CS. 1992. Cross-Scale Morphology, Geometry, and Dynamics of 

Ecosystems. Ecological Monographs 62(4): 447-502. 

Holling CS. 2001. Understanding the Complexity of Economic, Ecological, and 

Social Systems. Ecosystems 4(5): 390-405. 

Holling CS, Meffe GK. 1996. Command and control and the pathology of natural 

resource management. Conservation Biology 10(2): 328-337. 

Hooshang MB. 2004. Gaining and sustaining competitive advantage with activity 

based cost management system. Industrial Management & Data Systems 

104(5/6): 377-383. 

Horne JFI. 1997. The coming age of organizational resilience. Business Forum 

22(2/3/4): 24-28. 

Hotimsky S, Cobb R, Bond A. 2006. Contracts or scripts? A critical review of the 

application of institutional theories to the study of environmental change. 

Ecology and Society 11(1). 

Hughes TP, Baird AH, Bellwood DR, Card M, Connolly SR, Folke C, Grosberg R, 

Hoegh-Guldberg O, Jackson JBC, Kleypas J, Lough JM, Marshall P, Nystrom 

M, Palumbi SR, Pandolfi JM, Rosen B, Roughgarden J. 2003. Climate change, 

human impacts, and the resilience of coral reefs. Science 301(5635): 929-933. 

Hughes TP, Bellwood DR, Folke C, Steneck RS, Wilson J. 2005. New paradigms 

for supporting the resilience of marine ecosystems. Trends in Ecology & 

Evolution 20(7): 380-386. 

Ibarra H. 1993. Network centrality, power, and innovation involvement: 

Determinants of technical and administrative roles. Academy of Management 

Journal 36(3): 471-501 



B i b l i o g r a p h y  | 131 

 

Imberger J, Mamouni E-AD, Anderson J, Ng ML, Nicol S, Veale A. 2007. The 

index of sustainable functionality: a new adaptive, multicriteria measurement 

of sustainability – application to Western Australia. International Journal of 

Environment and Sustainable Development 6(3): 323 – 355. 

Innes J, Mitchell F, Sinclair D. 2000. Activity-based costing in the U.K.'s largest 

companies: a comparison of 1994 and 1999 survey results. Management 

Accounting Research 11(3): 349-362. 

Jackson LE, Kurtz JC, Fisher WS (eds). 2000. Evaluation Guidelines for Ecological 

Indicators. Report nr EPA/620/R-99/005. US Environmental Protection 

Agency, Office of Research and Development: Research Triangle Park NC. 

Janssen MA, Bodin Ö, Anderies JM, Elmqvist T, Ernstson H, McAllister RRJ, 

Olsson P, Ryan P. 2006. Toward a network perspective of the study of 

resilience in social-ecological systems. Ecology and Society 11(1). 

Jansson A, Folke C, Rockstrom J, Gordon L. 1999. Linking freshwater flows and 

ecosystem services appropriated by people: The case of the Baltic Sea 

drainage basin. Ecosystems 2(4): 351-366. 

Johnson G, Scholes K, Whittington R. 2005. Exploring Corporate Strategy: Text 

and Cases (7th ed.). Prentice Hall. 

Jollands N, Lermit J, Patterson M. 2004. Aggregate eco-efficiency indices for New 

Zealand - a principal components analysis. Journal of Environmental 

Management 73(4): 293-305. 

Kautsky N, Berg H, Folke C, Larsson J, Troell M. 1997. Ecological footprint for 

assessment of resource use and development limitations in shrimp and tilapia 

aquaculture. Aquaculture Research 28(10): 753-766. 

Keenlyside NS, Latif M, Jungclaus J, Kornblueh L, Roeckner E. 2008. Advancing 

decadal-scale climate prediction in the North Atlantic sector. Nature 453(7191): 

84-88. 

Kirkegaard H. 1997. Improving accounting reliability: solvency, insolvency, and 

future cash flows. Quorum Books: Westport CT. 

Klassen RD, McLaughlin CP. 1996. The impact of environmental management on 

firm performance. Management Science 42(8): 1199-1214. 

Kolb DG. 2008. Exploring the metaphor of connectivity: Attributes, dimensions and 

duality. Organization Studies 29(1): 127-144. 



132 | B i b l i o g r a p h y  

 

Kolmogorov AN. 1965. Three approaches to the quantitative definition of 

information. Problems of Information and Transmission 1(1):1-7. 

Kuznets S. 1963. Quantitative Aspects of the Economic-Growth of Nations .8. 

Distribution of Income by Size. Economic Development and Cultural Change 

11(2): 1-80. 

Labuschagne C, Brent AC, van Erck RPG. 2005. Assessing the sustainability 

performances of industries. Journal of Cleaner Production 13(4): 373-385. 

Lant TK. 1992. Aspiration Level Adaptation - an Empirical Exploration. 

Management Science 38(5): 623-644. 

Lant TK, Milliken FJ, Batra B. 1992. The role of managerial learning and 

interpretation in strategic persistence and reorientation – An empirical 

exploration. Strategic Management Journal 13(8): 585-608. 

Leire C, Thidell A. 2005. Product-related environmental information to guide 

consumer purchases - a review and analysis of research on perceptions, 

understanding and use among Nordic consumers. Journal of Cleaner 

Production 13(10-11): 1061-1070. 

Lele SM. 1991. Sustainable Development - a Critical-Review. World Development 

19(6): 607-621. 

Lengnick-Hall CA, Wolff JA. 1999. Similarities and Contradictions in the Core 

Logic of Three Strategy Research Streams. Strategic Management Journal 

20(12): 1109-1132. 

Lenzen M. 2001. A generalized input-output multiplier calculus for Australia. 

Economic Systems Research 13(1): 65-92. 

Lenzen M, Murray SA. 2001. A modified ecological footprint method and its 

application to Australia. Ecological Economics 37(2): 229-255. 

Lesourd J-B, Schilizzi SGM. 2001. The environment in corporate management. New 

directions and economic insights. Edward Elgar Publishing Limited. 

Levinthal DA, March JG. 1981. A Model of Adaptive Organizational Search. 

Journal of Economic Behavior & Organization 2(4): 307-333. 

Levinthal DA, March JG. 1993. The myopia of learning. Strategic Management 

Journal 14(Sp. Iss.): 95-112. 

Lewis DL. 1976. The Public Image of Henry Ford: An American Folk Hero and His 

Company. Wayne State University Press: Detroit MI. 



B i b l i o g r a p h y  | 133 

 

Li L, Geiser K. 2005. Environmentally responsible public procurement (ERPP) and 

its implications for integrated product policy (IPP). Journal of Cleaner 

Production 13(7): 705-715. 

Lichtenstein BMB. 2000. Emergence as a process of self-organizing - New 

assumptions and insights from the study of non-linear dynamic systems. 

Journal of Organizational Change Management 13(6): 526-544. 

Likert R. 1932. A technique for the measurement of attitudes. Archives of 

Psychology 140: 44–53. 

Literary Digest. 1919. The Grilling of Henry Ford. Literary Digest August 9: 44-46. 

Loh J(ed). 2002. Living Planet Report 2002. WWF World Wide Fund For Nature. 

Available at http://assets.panda.org/downloads/lpr2002.pdf 

Lubchenco J. 1998. Entering the century of the environment: A new social contract 

for science. Science 279(5350): 491-497. 

MacDonald JP. 2005. Strategic sustainable development using the ISO 14001 

standard. Journal of Cleaner Production 13(6): 631-643. 

Mahoney JT, Pandian JR. 1992. The resource-based view within the conversation of 

strategic management. Strategic Management Journal 13(5): 363-380. 

Maiga AS, Jacobs FA. 2003. Balanced Scorecard, Activity-Based Costing And 

Company Performance: An Empirical Analysis. Journal of Managerial Issues 

15(3): 283-301. 

Mallak L. 1998. Putting organizational resilience to work. Industrial Management 

40(6): 8-13. 

Mallon K, Bourne G, Mott R. 2007. Climate Solutions: WWF's Vision for 2050. 

WWF International. Available at http://www.wwf.org.au/publications/gefreport/ 

Manson SM. 2001. Simplifying complexity: a review of complexity theory. 

Geoforum 32(3): 405-414. 

Manuel P. 1991. The Cassette Industry and Popular Music in North India. Popular 

Music 10: 189-204. 

March JG. 1991. Exploration and Exploitation in organizational learning. 

Organization Science 2(1): 71-87 

March JG, Weil T. 2005. On leadership. Blackwell Publishing: Malden MA. 

Mason GL. 2005. Connectivity as a basis for a systems modelling ontology. Systems 

Research and Behavioral Science 22(1): 69-80. 



134 | B i b l i o g r a p h y  

 

Mayer RC, Davis JH, Schoorman FD. 1995. An integrative model of organizational 

trust. Academy of Management Review 20(3): 709-734. 

McAvinchey ID, Yannopoulos A. 2003. Stationarity, structural change and 

specification in a demand system: the case of energy. Energy Economics 

25(1): 65–92. 

McClanahan TR. 1995. A coral reef ecosystem-fisheries model: impacts of fishing 

intensity and catch selection on reef structure and processes. Ecological 

Modelling 80(1): 1–19. 

McClanahan TR, Kamukuru AT, Muthiga NA, Gilagabher Yebio M, Obura D. 

1996. Effect of sea urchin reductions on algae, coral, and fish populations. 

Conservation Biology 10(1): 136–154. 

McDonald GW, Patterson MG. 2004. Ecological footprints and interdependencies of 

New Zealand regions. Ecological Economics 50(1-2): 49-67. 

McMichael AJ, Butler CD, Folke C. 2003. New visions for addressing 

sustainability. Science 302(5652): 1919–1920. 

McWilliams A, Siegel D. 2001. Corporate social responsibility: A theory of the firm 

perspective. Academy of Management Review 26: 117-127. 

Medved S. 2006. Present and future ecological footprint of Slovenia - The influence 

of energy demand scenarios. Ecological Modelling 192(1-2): 25-36. 

Meyer AD. 2001. What's in it for the customers? Successfully marketing green 

clothes. Business Strategy and the Environment 10(5): 317-330. 

Meyer AD, Gaba V, Colwell KA. 2005. Organizing Far from Equilibrium: 

Nonlinear Change in Organizational Fields. Organization Science 16(5): 456-

473. 

Milionis AE. 2004. The importance of variance stationarity in economic time series 

modelling. A practical approach. Applied Financial Economics 14(4): 265–

278. 

Miller D. 1990. The Icarus paradox : how exceptional companies bring about their 

own downfall : new lessons in the dynamics of corporate success, decline, and 

renewal. HarperBusiness: New York NY. 

Miller D. 1993. The Architecture of Simplicity. Academy of Management Review 

18(1): 116-138. 



B i b l i o g r a p h y  | 135 

 

Miller D, Friesen P. 1977. Strategy-making in context: ten empirical archetypes. 

Journal of Management Studies 14(3): 253-280. 

Miller D, Friesen P. 1980. Momentum and revolution in organizational adaptation. 

Academy of Management Journal 23(4): 591-614. 

Miller D, Friesen P. 1983. Successful and unsuccessful phases of the corporate life-

cycle. Organization Studies 4(4): 339-356. 

Mintzberg H, Lampel J. 1999. Reflecting on the strategy process. Sloan 

Management Review 40(3): 21-30. 

Mittelbach GG, Turner AM, Hall DJ, Rettig JE, Osenberg CW. 1995. Perturbation 

and Resilience - a Long-Term, Whole-Lake Study of Predator Extinction and 

Reintroduction. Ecology 76(8): 2347-2360. 

Monfreda C, Wackernagel M, Deumling D. 2004. Establishing national natural 

capital accounts based on detailed Ecological Footprint and biological capacity 

assessments. Land Use Policy 21(3): 231-246. 

Monge PR, Fulk J, Kalman ME, Flanagin AJ, Parnassa C, Rumsey S. 1998. 

Production of collective action in alliance-based interorganizational 

communication and information systems. Organization Science 9(3): 411-433. 

Morin E. 1974. Complexity. International Social Science Journal 26(4):555-582. 

Naylor RL, Goldburg RJ, Mooney H, Beveridge M, Clay J, Folke C, Kautsky N, 

Lubchenco J, Primavera J, Williams M. 1998. Ecology - Nature's subsidies to 

shrimp and salmon farming. Science 282(5390): 883-884. 

Neuman WL. 2003. Social Research Methods: Qualitative and Quantitative 

Approaches (5
th

 ed). Allyn and Bacon: Boston MA. 

Nevins A. 1954. Ford: The Times, the Man, the Company. Charles Scribner's Sons: 

New York NY. 

Nevins A, Hill FE. 1957. Ford: Expansion and Challenge 1915-1933. Charles 

Scribner's Sons: New York NY. 

Nevins A, Hill FE. 1963. Ford: Decline & Rebirth 1933-1962. Charles Scribner's 

Sons: New York NY. 

Newman P, Kenworthy J. 1999. Sustainability and Cities: Overcoming Automobile 

Dependence. Island Press: Washington DC. 



136 | B i b l i o g r a p h y  

 

Ngatchou P, Zarei A, El-Sharkawi A. 2005. Pareto Multi Objective Optimization. 

Proceedings of the 13th International Conference on Intelligent Systems 

Application to Power Systems. 6-10 November, 84 – 91. 

Niva M, Timonen P. 2001. The role of consumers in product-oriented environmental 

policy: can the consumer be the driving force for environmental improvements? 

Journal of Consumer Studies and Home Economics 25(4): 331-338. 

Nystrom M, Folke C, Moberg F. 2000. Coral reef disturbance and resilience in a 

human-dominated environment. Trends in Ecology & Evolution 15(10): 413-

417. 

OECD. 2008. Dataset: Average annual hours actually worked per worker. Available 

at http://stats.oecd.org/wbos/Index.aspx?DatasetCode=ANHRS 

Oliver C. 1997. The influence of institutional and task environment relationships on 

organizational performance: The Canadian construction industry. Journal of 

Management Studies 34(1): 99-124. 

Olsson P, Folke C. 2001. Local ecological knowledge and institutional dynamics for 

ecosystem management: A study of Lake Racken Watershed, Sweden. 

Ecosystems 4(2): 85-104. 

Olsson P, Folke C, Berkes F. 2004a. Adaptive comanagement for building resilience 

in social-ecological systems. Environmental Management 34(1): 75-90. 

Olsson P, Folke C, Hahn T. 2004b. Social-ecological transformation for ecosystem 

management: the development of adaptive co-management of a wetland 

landscape in southern Sweden. Ecology and Society 9(4). 

Olsson P, Gunderson LH, Carpenter SR, Ryan P, Lebel L, Folke C, Holling CS. 

2006. Shooting the rapids: navigating transitions to adaptive governance of 

social-ecological systems. Ecology and Society 11(1). 

Paez-Osuna F. 2001. The Environmental Impact of Shrimp Aquaculture: Causes, 

Effects, and Mitigating Alternatives. Environmental Management 28(1): 131-

140. 

Pahl-Wostl C. 2006. The importance of social learning in restoring the 

multifunctionality of rivers and floodplains. Ecology and Society 11(1). 

Parris TM, Kates RW. 2003. Characterizing and measuring sustainable 

development. Annual Review of Environment and Resources 28: 559–586. 



B i b l i o g r a p h y  | 137 

 

Peattie K. 2001. Golden goose or wild goose? The hunt for the green consumer. 

Business Strategy and the Environment 10(4): 187-199. 

Pelletier N, Tyedmers P. 2007. Feeding farmed salmon: Is organic better? 

Aquaculture 272: 399–416. 

Perrings C. 2006. Resilience and sustainable development. Environment and 

Development Economics 11: 417-427. 

Perrini F. 2006. The practitioner's perspective on non-financial reporting. California 

Management Review 48(2): 73-103. 

Peterson G, Allen CR, Holling CS. 1998. Ecological resilience, biodiversity, and 

scale. Ecosystems 1(1): 6-18. 

Pimm SL. 1984. The Complexity and Stability of Ecosystems. Nature 307(5949): 

321-326. 

Pole A, West M, Harrison J. 1994. Applied Bayesian Forecasting and Time Series 

Analysis. Chapman & Hall: New York. 

Porter ME. 1990. The Competitive Advantage of Nations. (Cover story). Harvard 

Business Review 68(2): 73-93. 

Prigogine I. 1980. From being to becoming: time and complexity in the physical 

sciences. W. H. Freeman: San Francisco CA. 

Rees WE. 1996. Revisiting carrying capacity: Area-based indicators of 

sustainability. Population and Environment 17(3): 195-215. 

Reganold JP, Glover JD, Andrews PK, Hinman HR. 2001. Sustainability of three 

apple production systems. Nature 410(6831): 926-930. 

Reice SR, Wissmar RC, Naiman RJ. 1990. Disturbance Regimes, Resilience, and 

Recovery of Animal Communities and Habitats in Lotic Ecosystems. 

Environmental Management 14(5): 647-659. 

Reijnders L, Soret S. 2003. Quantification of the environmental impact of different 

dietary protein choices. The American Journal of Clinical Nutrition 78(3): 

664S-668S. 

Rex E, Baumann H. 2007. Beyond ecolabels: what green marketing can learn from 

conventional marketing. Journal of Cleaner Production 15(6): 567-576. 

Riolli L, Savicki V. 2003. Information system organizational resilience. Omega-

International Journal of Management Science 31(3): 227-233. 



138 | B i b l i o g r a p h y  

 

Roberts KH, Stout SK, Halpern JJ. 1994. Decision dynamics in 2 high-reliability 

military organizations. Management Science 40(5): 614-624. 

Rodríguez JP, T. D. Beard J, Bennett EM, Cumming GS, Cork S, Agard J, Dobson 

AP, Peterson GD. 2006. Trade-offs across space, time, and ecosystem 

services. Ecology and Society 11(1). 

Roggenbauer RH. 2005. Comparing indoor wastewater-fed aquaculture with two 

conventional wastewater treatment plants using adopted sustainable process 

indices. International Journal of Sustainable Development and World Ecology 

12(2): 132-140. 

Roth E, Rosenthal H, Burbridge P. 2000. A discussion of the use of the 

sustainability index: 'ecological footprint' for aquaculture production. Aquatic 

Living Resources 13(6): 461-469. 

Rousseau DM, Sitkin SB, Burt RS, Camerer C. 1998. Not so different after all: A 

cross-discipline view of trust. The Academy of Management Review 23(3): 

393-404. 

Roux DJ, Rogers KH, Biggs HC, Ashton PJ, Sergeant A. 2006. Bridging the 

science-management divide: moving from unidirectional knowledge transfer to 

knowledge interfacing and sharing. Ecology and Society 11(1). 

Rubin J, Tal B. 2007. Does Energy Efficiency Save Energy? Reasearch Paper, 

STRATEGECON: CIBC World Markets Inc. Available at: 

http://research.cibcwm.com/economic_public/download/snov07.pdf 

Rudolph JW, Repenning NP. 2002. Disaster Dynamics: Understanding the Role of 

Quantity in Organizational Collapse. Administrative Science Quarterly 47(1): 

1-30. 

Russo MV, Fouts PA. 1997. A resource-based perspective on corporate 

environmental performance and profitability. Academy of Management 

Journal 40(3): 534-559. 

Rycroft RW, Kash DE. 2004. Self-organizing innovation networks: implications for 

globalization. Technovation 24(3): 187-197. 

Schaltegger S, Burritt R. 2005. Corporate sustainability. In The International 

Yearbook of Environmental and Resource Economics 2005/2006: A survey of 

current issues, H Folmer, T Tietenberg (eds). Edward Elgar: Cheltenham UK, 

Northampton MA: 185-222. 



B i b l i o g r a p h y  | 139 

 

Scheffer M, Carpenter S, Foley JA, Folke C, Walker B. 2001 Catastrophic shifts in 

ecosystems. Nature 413(6856): 591-596. 

Scheffer M, Hosper SH, Meijer M-L, Moss B, Jeppesen E. 1993. Alternative 

equilibria in shallow lakes. Trends in Ecology and Evolution 8(8): 275–279. 

Secretary-General of the Commission on Sustainable Development. 2004. Progress 

in implementing the decisions of the Commission on Sustainable Development 

related to improvements in national reporting and further work on indicators 

of sustainable development. Report nr E/CN.17/2004/17. Commission on 

Sustainable Development. 

Senbel M, McDaniels T, Dowlatabadi H. 2003. The ecological footprint: a non-

monetary metric of human consumption applied to North America. Global 

Environmental Change-Human and Policy Dimensions 13(2): 83-100. 

Shrum LJ, McCarty JA, Lowrey TM. 1995. Buyer characteristics of the green 

consumer and their implications for advertising strategy. Journal of Advertising 

24(2): 71-82. 

Smith NC. 2003. Corporate social responsibility: Whether or how? California 

Management Review 45(4): 52-76. 

Solomonoff RJ. 1964a. A formal theory of inductive inference: Part 1. Information 

and Control 7(1):1-22. 

Solomonoff RJ. 1964b. A formal theory of inductive inference: Part 2. Information 

and Control 7(2):224-254. 

Spangenberg JH. 2004. Reconciling sustainability and growth: criteria, indicators, 

policies. Sustainable Development 12(2): 74–86. 

Sparrowe RT, Liden RC, Wayne SJ, Kraimer ML. 2001. Social networks and the 

performance of individuals and groups. Academy of Management Journal 

44(2): 316-325. 

Stark A. 1993. Whats the Matter with Business Ethics. Harvard Business Review 

71(3): 38-48. 

Stern DI, Common MS, Barbier EB. 1996. Economic growth and environmental 

degradation: The environmental kuznets curve and sustainable development. 

World Development 24(7): 1151-1160. 



140 | B i b l i o g r a p h y  

 

Steurer R, Langer ME, Konrad A, Martinuzzi A. 2005. Corporations, stakeholders 

and sustainable development I: A theoretical exploration of business-society 

relations. Journal of Business Ethics 61(3): 263-281. 

Stockhammer E, Hochreiter H, Obermayr B, Steiner K. 1997. The index of 

sustainable economic welfare (ISEW) as an alternative to GDP in measuring 

economic welfare: the results of the Austrian (revised) ISEW calculation 

1955–1992. Ecological Economics 21(1): 19–34. 

Strauss A, Corbin J. 1998. Basics of qualitative research : techniques and 

procedures for developing grounded theory (2nd ed.). Sage Publications: 

Thousand Oaks CA. 

Strong KC, Ringer RC, Taylor SA. 2001. THE* Rules of Stakeholder Satisfaction (* 

Timeliness, Honesty, Empathy). Journal of Business Ethics 32(3): 219-230. 

Sutcliffe KM, Vogus TJ. 2003. Organizing for Resilience. In Positive 

Organizational Scholarship: Foundations of a New Discipline, KS Cameron, 

JE Dutton, RE Quinn (eds). Berrett-Koehler Publishers Inc: San Francisco CA: 

94-110. 

Sutton AC. 2000. Chapter Six: Henry Ford and the Nazis. In Wall street and the rise 

of Hitler. Studies in Reformed Theology. Available at: http://reformed-

theology.org/html/books/wall_street/chapter_06.htm 

Thøgersen J. 2000. Psychological determinants of paying attention to eco-labels in 

purchase decisions: Model development and multinational validation. Journal of 

Consumer Policy 23(3): 285-313. 

Thomas AB. 1988. Does Leadership Make A Difference To Organizational 

Performance? Administrative Science Quarterly 33(3): 388-400. 

Tornberg K, Jamsen M, Paranko J. 2002. Activity-based costing and process 

modeling for cost-conscious product design: A case study in a manufacturing 

company. International Journal of Production Economics 79(1): 75-82. 

Tyedmers P, Pelletier N, Ayer N. 2007. Biophysical Sustainability and Approaches 

to Marine Aquaculture Development Policy in the United States. A report to the 

Marine Aquaculture Task Force, Takoma, Park, MD. 

UK Government. 2004. Achieving a better quality of life. Review of Progress 

Towards Sustainable Development. UK Department of Environment, Food & 

Rural Affairs. 



B i b l i o g r a p h y  | 141 

 

United Nations. 2003. Report of the World Summit on Sustainable Development. 

Sales nr E.03.II.A.1. United Nations, Department of General Assembly Affairs 

and Conference Services. 

Van den Bergh JCJM, Verbruggen H. 1999. Spatial sustainability, trade and 

indicators: an evaluation of the 'ecological footprint'. Ecological Economics 

29(1): 61-72. 

Van Marrewijk M. 2003. Concepts and definitions of CSR and corporate 

sustainability: Between agency and communion. Journal of Business Ethics 

44(2): 95-105. 

Vandeven AH, Poole MS. 1995. Explaining Development and Change in 

Organizations. Academy of Management Review 20(3): 510-540. 

Vera D, Crossan M. 2004. Strategic leadership and organizational learning. 

Academy of Management Review 29(2): 222-240. 

Wackernagel M, Monfreda C, Erb KH, Haberl H, Schulz NB. 2004. Ecological 

footprint time series of Austria, the Philippines, and South Korea for 1961-

1999: comparing the conventional approach to an 'actual land area' approach. 

Land Use Policy 21(3): 261-269. 

Wackernagel M, Rees W. 1996. Our ecological footprint - Reducing human impact 

on the Earth. Environment and Urbanization 8(2): 216-216. 

Wackernagel M, Rees WE. 1997. Perceptual and structural barriers to investing in 

natural capital: Economics from an ecological footprint perspective. Ecological 

Economics 20(1): 3-24. 

Wagner J. 2006. On the economics of sustainability. Ecological Economics 57(4): 

659-664. 

Walker BH. 1995. Conserving Biological Diversity through Ecosystem Resilience. 

Conservation Biology 9(4): 747-752. 

Walker BH, Anderies JM, Kinzig AP, Ryan P. 2006. Exploring resilience in social-

ecological systems through comparative studies and theory development: 

introduction to the special issue. Ecology and Society 11(1). 

Walker BH, Carpenter S, Anderies J, Abel N, Cumming G, Janssen M, Lebel L, 

Norberg J, Peterson GD, Pritchard R. 2002. Resilience management in social-

ecological systems: a working hypothesis for a participatory approach. 

Conservation Ecology 6(1). 



142 | B i b l i o g r a p h y  

 

Walker BH, Kinzig A, Langridge J. 1999. Plant attribute diversity, resilience, and 

ecosystem function: The nature and significance of dominant and minor 

species. Ecosystems 2(2): 95-113. 

Walker BH, Langridge JL, Mcfarlane F. 1997. Resilience of an Australian savanna 

grassland to selective and non-selective perturbations. Australian Journal of 

Ecology 22(2): 125–135. 

Wallace RL. 2003. Social influences on conservation: Lessons from U.S. recovery 

programs for marine mammals. Conservation Biology 17(1): 104-115. 

Walsh JP, Meyer AD, Schoonhoven CB. 2006. A future for organization theory: 

Living in and living with changing organizations. Organization Science 17(5): 

657-671. 

Wang Q, Wang XD, Mao YD, Hu XY. 2006. Ecological footprint calculation and 

development capacity analysis in Wenzhou. Journal of Central South University 

of Technology 13: 167-170. 

Watts S. 2005. The people's tycoon: Henry Ford and the American century. Alfred 

A Knopf: New York NY. 

Weick KE. 1987. Organizational culture as a source of high-reliability. California 

Management Review 29(2): 112-127. 

Weick KE. 2006. Faith, evidence, and action: Better guesses in an unknowable 

world. Organization Studies 27: 1723-1736 

Weick KE, Sutcliffe KM. 2001. Managing the unexpected: Assuring high 

performance in an age of complexity. Jossey-Bass: San Francisco CA. 

Wood G. 2003. Modelling the ecological footprint of green travel plans using GIS 

and network analysis: from metaphor to management tool? Environment and 

Planning B: Planning & Design 30(4): 523-540. 

World Economic Forum Global Leaders for Tomorrow Environment Task Force, 

Yale Center for Environmental Law and Policy, Center for International Earth 

Science Information Network. 2002. 2002 Environmental Sustainability Index 

(ESI). YCELP, Yale University: New Haven CT. 

York R, Rosa EA. 2003. Key challenges to ecological modernization theory. 

Organization & Environment 16(3): 273-288. 

Young JC. 1926. Ford to fight it out with his old car. New York Times. December 26. 



B i b l i o g r a p h y  | 143 

 

Young O. 2006. Vertical interplay among scale-dependent environmental and 

resource regimes. Ecology and Society 11(1). 

Yukl G. 1989. Managerial leadership – A review of theory and research. Journal of 

Management 15(2): 251-289. 

Zaheer A, McEvily B, Perrone V. 1998. Does trust matter? Exploring the effects of 

interorganizational and interpersonal trust on performance. Organization 

Science 9(2): 141-159. 

Zand DE. 1972. Trust and Managerial Problem Solving. Administrative Science 

Quarterly 17(2): 229-239. 

Zimov SA, Chuprynin VI, Oreshko AP, Chapin III FS, Reynolds JF, Chapin MC. 

1995. Steppe-tundra transition: a herbivore-driven biome shift at the end of the 

Pleistocene. American Naturalist 146(5): 765–794.    



144 | B i b l i o g r a p h y  

 

 
 
 



 

APPENDIX 1. DATA SOURCES AND NORMALIZATION BOUNDS 

 

1. Data was obtained from the Department of Environment. Although water quality measurements 
recorded back to 1970, they were limited to river basins in the South West and near to the Perth 
region. These included the Collie river basin, the Murray river basin, the Avon river basin and 
the Swan Coastal basin. Water quality data is measured at a number of points within each 
catchment. The average of each of these sampling stations is taken to give an overall indication 
of the water quality for the entire basin. The normalised values for the four basins are then 
averaged to give a measurement of river water quality. For each of the datasets, recording of 
conductivity seems to have ceased after the year 1995 and collection of phosphorus data is 
inconsistent, with most measurements for total phosphorus commencing at roughly the same 
stage where conductivity measurements stop. As a result, salinity levels are used for the first four 
to five 5-year periods and total phosphorous values are used for the third to the sixth period 
depending on data availability per basin. The average of the two normalized values provides the 
indicator value for these periods. The functional bound used in the normalization process were 
180 mg/L of Sodium and 65 µg/L of Total Phosphorus and the dysfunctional 900 mg/L Sodium 
and160 µg/L Total Phosphorus. 

2. Data was obtained from the Department of Environmental Protection. The average of 
measurements in a number of stations was used for each period. The functional bounds that were 
applied for the normalization were 0.00175 ppm SO2, 0.12 ppm CO, 0.02 ppm O3 and 6 µg/m3 
PM2.5. The dysfunctional bounds were 0.035 ppm SO2, 10 ppm CO, 0.08 ppm O3 and 25 µg/m3 
PM2.5. Data were not available prior to 1988, and the indicator was assumed to be at the same 
level prior to that date. This estimate is based on the logical assumption that the air quality could 
not have been poorer and would not have been much inferior as the functionality in 1988 was 
already very high, close to one (0.96). 

3. Data was acquired from the Australian Bureau of Statistics (Cat. No. 4602.0). Data were 
available after 1992. The maximum number of residents able to visit a world heritage area, 
national or state park was defined to be 80% of the population at that time, based on the 2001 
ABS survey.  

4. The indicator refers to populations of a selected number of 158 subspecies (that belong to 15 out 
of the 100 endangered species identified in 1980), selected by CALM. I each 5-year period the 
fraction is calculated based on the total number of those subspecies that were surveyed in that 
period. An increase of species number can be assigned to either positive management practices, 
or to the discovery of new populations, therefore only the decrease of population size was 
regarded to be a reliable indicator. Similar data were not available for fauna population. The 
available number of threatened species could not be used, as its increase is not always caused by 
a reduction of species population, but by the discovery of a new species, which is considered a 
positive management practice. 

5. Total factor income per industry data was obtained from ABS (Table 5220028). Data was 
available since 1990. Factors included were the compensation of employees and the gross 
operating surplus and gross mixed income. The fraction value of 0.20 is defined as the functional 
bound, following consultation by experts. 

6. The total harvested area data was obtained from the Department of Land Conservation and 
management and the sustainable harvest rate from the National Forest Inventory 2003. The 
sustainable harvest rate was determined as the functional bound and a harvested area of 0 or 
more than the sustainable rate was determined to be the dysfunctional bound. The total harvested 
area is in each 5 year period was less than the sustainable harvest rate, reflecting the fact that WA 
has a 10% forest cover, which equals to 25 million ha and the annual harvest rate is less than or 
up to 0.1%. 
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7. Tourism data was obtained from the Australian Bureau of Statistics (Cat. No. 8635.0). GSP data 
was also obtained from ABS (see Explanatory Note 42). The functional level of 1% was 
determined based on the 1998 world ratio of tourism revenues vs GDP (1.15%). The 
dysfunctional level was determined as 0%. The rate was in all cases between 0 and 1%. 

8. Data was obtained from the Australian Bureau of Statistics (Cat. No. 8635.0). The functional 
bound was defined to be an occupancy rate of 100%, when demand reaches supply and the 
dysfunctional bound was defined to be the occupancy rate of 0. 

9. Data was formed by averaging six ABS publications reporting levels of security associated with 
staying at home, jogging or walking and using the public transport alone during the day and 
during night time. A fraction of 0 is regarded to be the functional bound and a fraction of 1 is 
regarded as the dysfunctional bound. 

10. Data for the amount spent on insurance and the household disposable income were taken from 
the Australian Bureau of Statistics (Cat. no. 6535.0). Data for the poverty line was taken from the 
Melbourne Institute of Applied Economic and Social Research. A zero expenditure on insurance 
is regarded to be the functional bound, as then the population is likely to be feeling completely 
secure. The dysfunctional bound is set to the point where each persons income after tax and the 
poverty line is spend on insurance. 

11. Data was obtained from the Australian Bureau of Statistics (Cat. No. 3309.0 and 3309.0.55.001). 
A suicide rate of zero is chosen as the functional bound because society should provide enough 
of what is wished for so one would not consider taking their own life. Ideally, a society would 
want complete fulfilment for its individuals. According to the data collected by the World Health 
Organization suicide rates world wide have reached as high as 75.6 per 100 000 males in 
Lithuania during 2000 (WHO 2003). All other countries lie between zero and this extreme with 
most averaging below 15.0 per 100 000 population. As a suicide rate of 20 per 100 000 people 
also appears to be an upper bound for most nations suicide rates, that level was regarded to be the 
dysfunctional bound. 

12. In Australia, where voting is obligatory by law, the percentage of non-voters and informal voters 
can be used as a measure of the level of distrust or apathy present in the population towards their 
governance. Data was obtained from the Western Australian Electoral Commission. The 
functional bound is defined as a fraction of 0% of people distrusting the government, meaning 
that everyone above the legal voting age votes and all votes cast are legitimate. The 
dysfunctional bound, when there is so little generic trust within the society that Social Capital 
begins to lose its functionality, is set at 50% of non-voters or illegitimate votes. At this point the 
majority of people within the society do not display generic trust in the state political system. 
This lower bound is not based on international literature, as in Australia voting is obligatory by 
law and the percentage of non-voters is much lower compared to other countries. 

13. Data on land areas set aside for conservation was collected from the department of Environment 
and Heritage. The overall area of Western Australia was obtained from the ABS (Cat. No. 
1306.5). The functional bound of 15% of land set aside for conservation was borrowed from the 
Department of Conservation and Land Management. A conservation rate of 0% was set as the 
dysfunctional bound. 

14. Data on protected marine areas was collected from the department of Environment and Heritage. 
The overall Territorial Sea area for Western Australia was calculated as the factor of 12 miles 
times the coastline length of Western Australia, obtained from the ABS (Cat. No. 1306.5). The 
functional bound of 10% of marine area being protected was based on a view of the IUCN World 
Commission on Protected Areas. A conservation rate of 0% was set as the dysfunctional bound. 

15. Data was obtained from the ABS (Cat. No. 4602.0). A fraction of 100% of households devoting 
time or money for environmental protection was regarded to be the functional bound and a 
fraction of 0 was regarded to be the dysfunctional bound. 
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16. Data was obtained from the Australian Bureau of Agricultural and Resource Economics. The 
functional bound was set as 0% of increase of energy consumption, as in data provided by the 
Asia Pacific Economic Cooperation (APEC) Russia was the only nation with reductions in 
energy use by transport. The dysfunctional bound was set to 4% increase, as growth rates higher 
than 4% per annum were typical of developing nations such as Thailand, Vietnam and Korea, 
whereas values lower than 4% were associated with more developed nations such as the U.S., 
Canada and Australia. The functionality shows a decreasing trend up to 1995, which becomes an 
increasing trend since. 

17. Data was obtained from the water corporation. The upper functional bound was set to 30%, 
increasing the Water Corporation state wide target of 20% by 2012. The dysfunctional bound 
was set to 5% as no reuse is an unrealistic figure. 

18. Government expenditure and GSP data was obtained from the Australian Bureau of Statistics 
(Cat. No. 5220.0, 2001-02 and 5220.0.40.001, 1996-97). International sources show that in 
developed countries the expenditure on infrastructure is between 1 and 2% of the GDP. A 
functional bound of 3% was set. If the ratio is too this shows that the government is not spending 
on infrastructure, thus does not support the economy. Obviously a capital spending of 0 is the 
most dysfunctional value. An upper dysfunctional value was not determined, as the values did 
not exceed 3%. 

19. Data was obtained from the Australian Bureau of Statistics (Cat. No. 6322.0). A fraction of 0 is 
set as the functional bound, representing the case where there are no days lost due to industrial 
disputes, as every day lost represents a cost to the economy, through lost production, efficiency 
or reduction of interest to invest in the economy. The dysfunctional bound is set as the fraction of 
100% of days lost, in which case there is no work performed and the working environment is 
completely destabilized. 

20. Data was obtained from the Australian Bureau of Statistics, National Population and Housing 
census. The fraction of home ownership is defined as the percentage of people who own or are 
purchasing (mortgage) the home in which they are residing. An extensive internet research 
indicated that over 70% is a high home ownership percentage. The functional bound of 72% 
home ownership was based on UK government studies. A lower and upper dysfunctional bound 
were set. In the 1990’s the lower ownership rates in Europe were close to 30%. Today the US 
lower home ownership rates are close to 55-60%. Thus a home ownership rate of 25% can be 
clearly regarded dysfunctional and was set as the dysfunctional bound. Although in all cases 
homeownership rates were less than 72%, it should be stated that the functionality decreases 
when the homeownership rates rise more than the functional bound. The extreme upper bound of 
a 100% of home ownership should be regarded to be completely dysfunctional. Stability will not 
be achieved as the structure of the economy will change significantly. 

21. Data was obtained mainly from the Crime Research Centre Annual Reports. Population data 
were obtained from the ABS (Cat. No. 3105.0.65.001). The most functional bound for the crime 
rate from the perspective of providing a stable social environment for the Economic System in 
the community would be a crime rate equal to zero. This would mean that the risk of social 
instability from crime, such as terrorism and white collar crimes such as fraud and embezzlement 
would not effect any economic decisions, therefore allowing purely economic factors to motivate 
decisions for spending and investment. Crime rates among different countries can not be directly 
compared. Despite this fact and in order to define a dysfunctional boundary for the normalization 
international values were researched. England and Wales have been reported to have the highest 
crime rate among the world's leading economies, according to a report by the United Nations. 
The highest crime rates in UK the past 15 years were reported in 1995, when the number of 
incidents reported exceeded 19 million. The rate offences/population calculated to be close to 
33%. Based on this figure the dysfunctional bound was set equal to 30%. 

22. Data on population growth was obtained from the Australian Bureau of Statistics (Cat. No. 
3105.0.65.001). Population should not remain stable or decrease in Australia or Western 
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Australia. The sustainable population growth rate in Australia has been a debateable issue. 
Following the theory according to which a sustainable increase rate for Australia would be an 
average of 0.6 to 0.8% for the following 50 years and afterwards the rate should be close to zero 
and taking under consideration the fact that Western Australia is less densely populated 
compared to Australia as a total, the level of 1.5% was defined as the functional bound for the 
analysis of current and past rates. An upper dysfunctional bound should also be set for the future. 
For the analysis of values in the period under examination the average 3% of annual growth in 
the period 1900-1920 was regarded to be the upper dysfunctional bound. A 0% increase was set 
to be the lower dysfunctional bound. 

23. The indicator is defined as the ratio of filled positions in the workforce divided by the sum of 
filled positions and job vacancies. The number of employed persons was obtained from the ABS 
(Cat. No. 6202.0, 6204.0, Australian Yearbook no. 16). The number of multiple job holders was 
obtained from the Labour Market Statistics ABS release and the ABS Multiple Jobholders 
Survey (Cat. No. 6105.0 and 6216.0). Data on the number of available jobs was taken from the 
ABS Job Vacancy Survey (Cat. No. 6354.0) and the Western Australian Yearbook (Cat. No. 
1301.5). The indicator by definition lies between zero and one. 

24. The cumulative impact of crime is defined as the sum of the number of each offence that took 
place per year multiplied by the respective average sentence by offence, divided by the total 
population for that year. The ratio will have a dimension of sentence years per person. The 
functional bound is defined when the impact of crime is 0. The dysfunctional bound is expressed 
by a ratio value of one, which means that everyone is affected by crime. Population data was 
retrieved from the Australian Bureau of Statistics (Cat. No. 3105.0.65.001.). Data for specific 
offences reported to police was obtained from the Crime Research Centre Annual Reports (1990 
– 2002). Data for crimes recorded solely by offence category was obtained from the Australian 
Industry of Criminology. This data was used where data for specific offences (pre 1990) could 
not be found. 

25. Data was obtained from the Australian Bureau of Statistics (data from censuses, conducted every 
five years). The Department of Planning and Infrastructure sets a target of increasing public 
transport to 12.5% by 2029. A long term target of 20% is proposed in the plan. Based on the 
above the functional bound was determined as at least 25% of trips performed by public transport 
or walking. The dysfunctional bound of 10% was determined as a value lower than the sum of 
the lowest level of observed public transport use (~7.5%, observed during the 1990’s) and 
walking preference (~4%, observed in 2001). 

26. Energy consumption was sourced from the Australian Bureau of Agricultural and Resource 
Economics. Western Australian population data was sourced from the Australian Bureau of 
Statistics (Cat. No. 3234.5). International data was sourced from the International Energy 
Agency. The average of the 5 minimum residential energy consumptions that were recorded 
among member countries of the Organisation for Economic Co-operation and Development 
(OECD) in 2001 was found to be equal to 11.3 GJ per capita. Based on this value the functional 
bound of 10 GJ per capita was set. The average of the 5 maximum residential energy 
consumptions recorded in the OECD countries in 2001 was found to be equal to 56.6 GJ per 
capita. Based on this value the dysfunctional bound of 50 GJ per capita was set. 

27. Data on number of cars in Australia and population size was obtained from the Australian 
Bureau of Statistics (Cat. No. 9309.0 and 3105.0.65.001 respectively). The functional bound was 
set to zero cars per individual, as from an environmental perspective it is obvious that no cars 
would increase resource concentration. The dysfunctional bound for this indicator could be 
defined as when the number of cars per individual is equal to one. However, this is essentially 
unrealistic as it does not take into account people who are outside of the driving age. Thus, 
examination of age-population data from the ABS has shown that on a modern average around 
32% of people are outside of the driving age. Based on the above the dysfunctional bound was 
set to a rate of cars per individual equal to 0.68 
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28. Data for the years 1995–2004 was obtained from the National Greenhouse Gas Inventory 
Committee – Workbook for Waste, for the years 1990-1994 from the Department of 
Environment - Solid Waste Database and before that from the State Recycling Blueprint. Zero 
waste to landfill is ultimately the upper limit of sustainable waste management due to the 
environmental, social and economic threats that landfills create. Based on an OECD analysis of 
the increasing rate of household waste production in the 1990s, Netherlands, Mexico and 
Germany produced in the late 1990s 515, 240 and 435kg of annual household waste per capita. 
Based on the above we set the volume of 500kg/capita as the dysfunctional bound. 

29. Data was obtained from the Australian Bureau of Statistics (Cat. No. 4602). The functional and 
dysfunctional level is defined as 100 and 0% participation respectively. 

30. According to the Australian Standard Classification of Education (ASCED) Catalogue 1272.0., a 
‘Non School Qualification’ is regarded as a qualification at any of the following levels: 
Postgraduate Degree, Graduate Diploma and Graduate Certificate, Bachelor Degree, Advanced 
Diploma and Diploma, Certificate including Trade and Specialised Training. Data for this 
indicator was sourced from numerous census publications from the ABS: the ABS Compendium 
of Demographic and Social Statistics, Censuses of Population and Housing: Selected Housing 
and Labour Force Characteristics, Western Australia. Comparisons with other OECD member 
countries show the highest proportion of population with educational attainment equal to and 
above secondary graduation as being upwards of 85%. The upper levels of educational 
attainment peak at around 90% for OECD Countries for 25-64 year age group. Based on the 
above the functional bound was set to 90%. Data that has been collected back in the 1970’s 
shows the proportion of working aged people with a non school qualification as around 25%. The 
lowest bound among the OECD countries is ~20%. This leads to a selection of 20% as a 
dysfunctional bound. 

31. Data was obtained by a combination of various ABS statistics. The functional bound is set at 
80%, allowing for those of that age group who have already obtained their qualifications and are 
in the labour force. The dysfunctional bound is set to 30%. In the 1970’s the participation rate in 
education and training was approximately 1/3 of the total age group population. Today there are 
many more educational and training facilities available to gain skills and knowledge; it would be 
dysfunctional for levels to drop below the levels of the 1970’s 

32. Data was obtained from the ABS (Cat. No. 6533.0). The functional bound is set to 100%, purely 
considering the contribution of individual households to the W.A. economy in the form of 
consumption of goods and services. The individual System is therefore completely functional 
when the maximum amount of potential consumption in the form of total disposable income is 
fulfilled. The dysfunctional bound was similarly set to 0%. 

33. Data was obtained from the Australian Bureau of Statistics (Cat. No. 6535.0, 6529.0 and 6528.0) 
and from the Melbourne Institute for Applied Economic and Social Research. It is assumed that 
when individual households spend none of their income on debt and investment, then they have 
the potential to spend their income on the consumption of goods and services. Therefore the 
functional bound is set at a value of the fraction of awhd income after servicing debt and 
investment or principal mortgage repayments equal to one. It is assumed that when the remainder 
of disposable income of an individual household after servicing of debt and investment is less 
than that required for living, or the poverty line, then the system is dysfunctional. Therefore the 
dysfunctional bound is set at a value of the fraction equal to the value of the average weekly 
poverty line / average weekly household disposable income. It should be noted that the 
dysfunctional bound for this indicator changes from year to year. 

34. Data on the cost of food was calculated based on the Average Retail Prices of Selected Items 
provided by the Australian Bureau of Statistics (Cat. No. 6403.0). The average household 
disposable income per head of mean population is also recorded by the ABS (Cat. No. 5220.0). 
Prior to 1990, the data was in the form of the total disposable household income for the state. To 
ensure continuity in the data set, the figures of total household disposable income was divided by 
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the state population. The functional bound was determined as a value of 0.05 for the ratio. In the 
United States of America, 6.2% of household income is spent on food at home, and 4.0% is spent 
away from home (FMI, 2004). As WA is an economic developed country similar to the United 
States of America, it can be expected to spend as little as 5% of the income on food. The 
dysfunctional bound was set to 0.20. Japan is a net food importer and a typical level of spending 
on food is around 16% of the gross disposable household income. Mediterranean countries 
including Italy and Greece spend 15.2% and 19% respectively. Thus 20% would be an 
unacceptable level of spending in a food surplus producing state like Western Australia. 

35. The indicator measures change in the cost of housing including property rates and charges, water 
and sewerage, rents, electricity, gas and other household fuels. Data for the cost of housing is 
obtained from the Australian Bureau of Statistics, as a component of the Consumer Price Index 
(CPI)(Cat. No. 6401.0). The average household disposable income is obtained from the ABS 
(See Explanatory Note 38). The functional bound is defined as the point where the change in 
housing costs divided by the change in household disposable income is equal to 0.5. This is the 
equivalent of the change in housing costs changing 50% slower than the change of disposable 
income. The dysfunctional bound is defined as the point where the change in housing cost 
divided by the change in household disposable income is equal to 1.5. This is the equivalent of 
the change in housing costs changing 50% faster than the change of disposable income. In the 
rare case that there is a negative change in household disposable income and a positive change in 
housing costs, then the indicator receives a normalised score of zero. The indicator value was 
constantly increasing, but decreased significantly the last period 2000-04. 

36. Data on welfare was obtained by the ABS Western Australian and Australian Yearbook series. 
The total payment is divided by the number of recipients to obtain the average individual aged 
pension payment. CPI data was again obtained from rhe ABS (Cat. No. 6401.0). Post 1998, the 
total aged pension paid and the number of recipients is given as a national figure; however there 
are no interstate discrepancies in the payment made to each person, thus the national data is the 
equivalent of the state data. Historically, welfare payments have been adjusted according to the 
CPI change, and more recently the average male earnings have been considered as well, 
suggesting that increase in welfare was insufficient when scaled purely against the CPI. Based on 
the above the dysfunctional bound has been set to the point where the change in cost of living 
divided by the change in welfare payments is 0.99, or less than one. The average household 
disposable income typically rises quicker than the cost of living rise, which means that with 
increasing time, people on an average income can afford to purchase more goods and services. If 
welfare payments are indexed to the CPI rise only, then people receiving this income support will 
be left behind by the average income earner, who can afford more with their money. Resultantly, 
the functional bound was set to the point where the change in welfare divided by the change in 
CPI is equal to 2. This is the equivalent of the cost of living changing at half the rate than the 
change of welfare payments 

37. Data was retrieved from the Australian Government Department of Health and Ageing. The 
functional bound is when the fraction of medical fees covered by Medicare is equal to one. This 
is obviously the best outcome for the society. The dysfunctional bound is located at the fraction 
of medical fees covered by Medicare being equal to 0.5. Advanced countries can expect 70-90% 
of fee subsidisation. South Korea currently subsidises 52% and Japan 80% of medical fees. 
These figures influenced the chosen dysfunctional bound. 

38. The Gini Coefficient is a measurement of income equity. Data was obtained from the Australian 
Bureau of Statistics (Cat. No. 6523.0). Data is only available for Australia. Taxation has one of 
the strongest impacts on income distribution, and as taxation is more or less uniform throughout 
Australia, it can be assumed that the equality of income distribution is analogous between 
Western Australia and Australia. The ideal state of the indicator is not when the true income 
distribution is the same as the completely equal distribution (when the Gini Coefficient equals 1). 
This would only be the case when all people within the society were placing the same effort and 
had the same talents and abilities. In order to construct bounds for the normalisation of the 
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indicator, the best technique is to adopt a world’s best/world’s worst approach. The Pan 
American Health Organisation found that Finland, Norway and Sweden have the most equitable 
distribution of income, with Gini coefficient values ranging between 0.25 and 0.3. The countries 
of the world with the highest levels of inequity in terms of income distribution have a Gini 
coefficient in the order of 0.60 and the world’s average Gini coefficient is 0.40. Based on the 
above the functional bound was set to 0.25 and the dysfunctional to 0.6. 

39. Energy use data by industry (agriculture, mining, manufacturing and construction industries) was 
obtained from the Australian Bureau of Agricultural and Resource Economics (ABARE). The 
data for the Gross State Product (GSP) was located from the Australian Bureau of Statistics 
(ABS) (see Explanatory Note 42). From the environmental perspective, higher energy efficiency 
is desirable and this corresponds to a lower energy use per GSP. Therefore, the functional bound 
should be the maximum energy efficiency possible, as permissible by the currently available 
technology, while ensuring that the economy is still viable. Due to a lack of current national 
Australian standards for energy use by industry, international guidelines were used to define this. 
In particular, the functional bound was defined as per the highest energy efficiency rating 
country, Denmark, with a value of 0.684 PJ /billion DKK (Danish Energy Authority 2003). An 
Australian equivalent was calculated using current market conversion factors equal to 0.003040 
PJ/ million $AUD. The dysfunctional bound was determined equal to 0.06000 PJ/ million $AUD, 
by assessing WA’s historical trends in energy use per GSP. 

40. The energy use data for this indicator was obtained from the Australian Bureau of Agricultural 
and Resource Economics (ABARE). The functional bound was set to 2%, reflecting the 
Australian National target of 2% by 2010, calculated using necessary criteria to meet the carbon 
dioxide emissions levels as per the Kyoto protocol. The dysfunctional bound was set to 0%, as no 
renewable energy use means that energy use by industry is unsustainable. 

41. Data was sourced from the Australian Bureau of Statistics, from its Agricultural Census and the 
Western Australian Department of Agriculture. Functional bounds for the fraction of land 
affected by salinity could not be defined, and setting 0 and 100% as the bounds would be 
unrealistic. Therefore the annual change of the fraction was considered, witch is more accurately 
reflecting management impacts of the industry at each period of time. As the trend of land 
affected by salinity has been constantly increasing a dysfunctional bound of 0% change would 
result to a constant indicator value of zero, not reflecting changes in the rate of change. By 
examining historic data the functional and dysfunctional bounds were set to 20% decrease and 
increase respectively. 

42. GSP data was obtained from 1978 to 1998 from the yearly WA Year Book publications 
published by the ABS (Cat. No. 1305.5). GSP data prior to 1978 is not available at a state level. 
Post-1998 GSP data is obtained from the monthly WA Statistical Summary Publications, also 
from the ABS (Cat. No. 1367.5). Long term projections for the Australian growth rate give a 
value of 2%, with WA being the fastest growing State in the following years. The highest 
average annual growth rate in any 5 year period for WA going back to 1975 is 18.1%. Based on 
the above and taking under consideration future projections, the functional bound of 5% growth 
rate of GSP per capita per annum was set. Static or even negative growth rate of GSP per capita 
would indicate a significant stagnation of the economy, and most probably recession. Recession 
indicates a shrinking of the economy, and so is not sustainable given that it is assumed that the 
population base is always increasing. The dysfunctional bound was therefore set to 0% growth 
rate. The functionality was increasing in the first periods, but has significantly decreased in the 
1990s and on. 

43. Import and export figures for foreign trade from 1970 to 1998 were obtained from the WA Year 
Book 1998 in the Historical Statistics section, published by ABS (Cat. No. 1305.5). Post-1998 
data was obtained from the ABS (Cat. No. 5220.0). GSP data was also obtained from the ABS 
(see Explanatory Note 42). It is acknowledged that for smaller countries, having high trade to 
GDP ratios is a sign of the effective functioning of the economy. Singapore, for example, has a 
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trade to GDP ratio of over 300%. However, as the size of a country increases, the trade to GDP 
ratio does not need to be this large to be functional. Western Europe, which is analogous in size 
to Western Australia, had an average trade to GDP ratio in 2000 of approximately 78%. Based on 
the above the functional bound of 80% was set. The dysfunctional bound of 0% was set, as it 
represents the most dysfunctional case of no trade. 

44. The Consumer Price Index (CPI) gives a measurement of the worth of capital. Data was obtained 
from ABS Yearbooks, economic section. The recommended in crease rate of the CPI rate issued 
by the Reserve Bank of Australia is an average of 3% per annum. This prevents excessive 
inflation, and still maintains growth to meet increasing demand for goods and services, in turn 
increasing employment opportunities. Excessively high rates of CPI increase indicate 
unsustainable growth that can lead to unrealistic pricing of goods and services, followed by falls 
in consumer confidence, and in extreme cases, economic recession. Low or negative rates of CPI 
indicate slow or negative growth, resulting in job losses, low cash flow rates throughout the 
economy and unemployment. Therefore a lower dysfunctional bound of 0 and a higher 
dysfunctional bound of 10% were applied. The higher dysfunctional bound was set based on 
historical data for WA in the 1970’s, where the 5-year average annual rate was over 11%. 

45. Unemployment data was sourced from numerous ABS publications (Cat. No. 6204.0, 1305.5, 
6202.0 and 1367.5). The lowest national unemployment rate experienced anywhere in the world 
is about 2.5% in Luxembourg. Historical evidence suggests that 2% is as low as unemployment 
can go before an upturn in unemployment levels is initiated by the associated rise in inflation. 
Thus the functional bound is set at 2%. There are no measures of the level at which 
unemployment causes this aspect of the functionality, namely stability, to cease. By examining 
unemployment in OECD countries is was observed that the highest 5 year averages are between 
11 and 15%, with a few exceptions that reach up to 19%. The above figures refer to the years 
from 1983 until 1994. Based on the above the dysfunctional limit of 15% was set. 

 
 



 

APPENDIX 2. SURVEY QUESTIONNAIRE 

 

The statements to be responded to in the survey are as follows. In the survey, the 

system-perspective or BP header will not be read out, and the first 12 questions will 

be in a random order. The 13th question will remain the last question read out. 

 

Natural System-Natural Perspective 

Even though it costs money, the environment should be conserved. 

 

Social System- Natural Perspective 

It is the responsibility of society to protect the environment through laws. 

 

Individual System- Natural Perspective 

It is each person’s responsibility to actively reduce the amount of waste their 

household produces. 

 

Economic System- Natural Perspective 

Industry has a responsibility to protect the environment even at a cost to the 

economy. 

 

Natural System-Social Perspective 

Despite the cost to the environment, each person should be able to take from it what 

they need. 

 

Social System-Social Perspective 

Being a part of my society helps me to experience a better quality of life than I could 

on my own. 

 

Individual System-Social Perspective 

It is the responsibility of each person to consider the well-being of the wider 

community when they act. 
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Economic System-Social Perspective 

The economy should be healthy enough that everybody can live comfortably. 

 

Natural System-Economic Perspective 

Despite the cost to the environment, we should be able use it to make money. 

 

Social System-Economic Perspective 

It is acceptable for individuals to have to abide by rules and laws so there can be 

economic growth. 

 

Individual System-Economic Perspective 

It is the responsibility of each able person to have a job: this does not include 

retirees or those physically and mentally incapable. 

 

Economic System-Economic Perspective 

The economy should grow even if it has negative effects on society. 

 

BP Question (sponsor) 

“Compared to other issues you think face Australia today, how important is it to 

develop low-emission transport fuels?” 

1. Not important at all 

2. Unimportant 

3. Neither important nor unimportant 

4. Important 

5. Very important 

6. The most important issue of all 

7. Unsure 



 

APPENDIX 3. FORD MOTOR COMPANY HISTORICAL EVENTS 

 

1. The Ford Motor Company was founded, Ford and Malcomson were the primary partners, 
including another 10 private investors (16 June 1903). 

2. The car model was ready for production before signing the papers, the target was to produce 
light, simple and durable cars. (1903) 

3. Initially sales failed to materialize, the cash balance fell from $14,500 in June 26 to $223.65 in 
July 11. (1903) 

4. By the end of August the balance rose to $23,000. (1903) 

5. The first 3 ½ months operation profit $36,957. (1903) 

6. Numerous defects in those early models in the engine, the radiator, the carburettor, the brakes, 
oiling system, circulating pump, transmissions, and others. However this was generally the case 
in the industry. (1903) 

7. G.B. Selden and the Electric Vehicle Company filed suit against the Ford Motor Company 
(October 1903) because they did not agree in paying royalty to the Electric Vehicle Company. 
Selden had developed a patent for a motor vehicle, and ALAM (Association of Licensed 
Automobile Manufacturers) was formed recognizing Selden’s patent which was a general patent 
for a motor vehicle. This vehicle was never constructed, it was only used to get patent fees from 
other manufacturers. (1903) 

8. Ford antirust and anti monopoly arguments were brought in public and were used in the 
company’s adds where they referred to ALAM as “the Trust", capitalizing on the progressive 
movement and the public concern about increasing corporate power in early 1900’s. 

9. At times the Selden case severely strained corporate resources 

10. New Factory Plant need for increased output. (1904) 

11. From mid of June 03 to end of March 04 Ford sold 658 cars, achieving revenue of $354,190 and 
net profit of $98,851. Combined sales for the three best months of 04 (April, May and June) 
reached almost $650,000. The total number of cars sold in first 15 months was 1708. In autumn 
1904 sales were averaging $60,000 per month. (1904) 

12. The company could finance itself. (1904) 

13. The Ford Motor Company of Canada was founded, 51% owned by the mother company, to make 
and sell in the Dominion and other British colonies and after 1907 would participate with a 
Michigan company in the British market (1904) 

14. Late 04 and early 05 operations moved to new Piquette Avenue plant, 10 times the size of 
present plant. (1904) 

15. In Piquette Avenue plant still no continuity of manufacture, the production rate was 25 cars/day 
with 300 men. (1904) 

16. Malcomson had previously appointed Couzens from his coal business to The Ford Motor 
Company while he was mainly involved in his coal business. As Ford Motor Company was 
growing rapidly he wanted to get the role of business manager and send Couzens back in the coal 
business. Ford and Couzens who were working harmoniously together resisted. (1905) 

17. Difference in opinion between Ford and Malcomson in the type of car to be manufactured, 
Malcomson was supported by the Dodge brothers who knew that the current trend was toward 
big cars. (1905) 
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18. The Ford Manufacturing Company was incorporated by the following shareholders: Ford, the 
two Dodges, Rackham, Anderson, Wills, Couzens and Bennett (22 November 1905). The 
company would manufacture parts only for the less expensive car. Bennett shortly transferred his 
stock to Ford, who was controlling the company holding 2900 out of the 5000 shares issued. The 
company would sell the parts to The Ford Motor Company, achieving a synergy but also diluting 
some of The Ford Motor Company profit.  

19. Malcomson unhappy the management decisions in The Ford Motor Company and being 
excluded from The Ford Manufacturing Company founded another motor company, in which he 
was both the officer and director. He was asked to resign in a Ford Motor Company directors 
meeting (6 December 05) on the basis of conflict of interests. 

20. Sales of expensive models (Model K) were disappointing and the company depended on it and 
on the last of Models C and F. Total sales from October 1 05 to September 30 06 only 1,599, 
fewer than the previous year. Profits dropped from $290,194 to $102,397.  

21. The cheap car showed a promising future, however the profits were absorbed by The Ford 
Manufacturing Company. (1906) 

22. Malcomson was displeased with the situation and was in negotiations for several months until he 
sold his shares to Ford on July 12 1906. Three other stockholders (Woodall, Bennett and Fry) 
sold their shares to Ford and Couzens by September 1907. 

23. Ford brought a car to the market at the price of $500. The Cycle and Automobile Trade Journal 
referred to this as “distinctly the most important mechanical event of 1906”. 

24. By September 07 Ford held 585 and Couzens 110 of the 1000 Ford Motor Company shares. Ford 
became the majority stockholder. 

25. Absorption of the Ford Manufacturing Company into the Ford Motor Company, (May 1 1907) 

26. After consolidation machinery was moved in the enlarged Piquette plant, rearranging the whole 
business for more efficient operations. (1907) 

27. One chassis was used for all models (Model N and slightly different in appearance models), 
minimizing costs. (1907) 

28. Plans were made for a new plant in Highland Park. (1907) 

29. Hawkins, a new marketing expert was employed taking part of Couzens responsibility, which 
was never his primary expertise. (1907) 

30. Production costs were outpacing profits. (1907) 

31. Although the company tried to keep costs down, the mark of $500 could not be reached and 
additional costs were charged for the recommended tire size, lamps and horn. (1907) 

32. In 1906-07 the cheapest car was selling at $600 and the most expensive at $750. Despite the 
above model N was a great success. Sold 8,423 cars in 1906-07, over 5 times better than the 
company’s previous record for a 12-month period. 

33. The Panic of 1907 and the diversion to a slightly more expensive model cut down the sales of 
1907-1908 to 6,398 cars. 

34. Less efficient car manufacturers and the makers of expensive cars suffered the most, leading to a 
number of bankruptcies in 1907. 

35. Vanadium steel was firstly used by The Ford Motor Company, a more resistant and lighter 
material that would improve car performance. (1907) 

36. Financial strain due to the purchase of the Highland Park tract and the absorption of the Ford 
Manufacturing Company. Paydays were several times postponed in the fall of 1907, to get 
money. 
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37. Due to the financial constraint Ford would send cars to the dealers who had to pay for the cars 
and then try to sell them, leading to dealers dissatisfactions. Furthermore the company covered 
bills with notes (instead of cash or checks) to manufacturers. (1907) 

38. Early in 1908 general upswing in the industry. 

39. The Ford Motor Company emerged an industry leader. (1908) 

40. Record sales in April $595,594 and in May $868,738. (1908) 

41. Model T was announced in the autumn of 1908, selling for $850. Price increases in 09-10 took 
place in order to finance the new plant in Highland Park. 

42. The UK dealer established back in 1904 was facing financial difficulties. In 1908 the company 
established a well financed branch in the UK, improving the distribution network. 

43. Model T for sale early 1909. 

44. Mid 1909 the company employed 22,000 people, 400% increase from previous year  

45. May 1909 the company declared that it could not take orders for any type of delivery until after 
August 1st. 

46. Increased efficiency and productivity. (1909) 

47. Positive working environment, involved leadership, employees enjoyed high spirit and work 
motivation. (1909) 

48. Announcement that that Ford was going to build in the future only one car, Model T, adding the 
famous quote “any customer can have a car painted any colour that he wants so long as it is 
black”. (1909) 

49. Ruling in the Selden case by the first court against The Ford Motor Company, however the 
company enjoyed the public’s support. (1909) 

50. New factory in Highland Park. (1910) 

51. More than 60 sub-dealers in the UK. (1910) 

52. Marketing in Europe from offices in Paris, achieving sales in multiple countries. The Ford Times 
claiming that “America is educating the World to the Automobile”. (1910) 

53. Production of Model T’s: 53,500 in 1911 

54. The New York Court of Appeals overturned the lower courts decision, ruling in Ford’s favour on 
the Selden case. Ford received great public support and press coverage. (1911) 

55. Production of Model T’s: 82,400 in 1912 

56. Efficiency improvements that would lead to the assembly line concept. (1912) 

57. The assembly line was initiated in April 1913 and spread in the whole factory. Work was 
performed on a moving chassis. 

58. Production of Model T’s: 185,000 in 12 months ending September 1913 

59. WWI in Europe (1914) 

60. Revolutionary manufacturing methods with three lines operations. A car was assembled in 1h 
and 33min compared to the previous rate of 12h and 28 min using the old stationary system. 
(1914) 

61. Work in the assembly line was very repetitive, demanding for workers. (1914) 

62. Couzens issued an order forbidding foremen to fire any workers until they have been tried at 
other jobs in the factory. (1914) 
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63. In January 1914 announcement of $5 min wage, became known as the 5 dollar day.  

64. The Beginning of a social program (1914) to educate workers on housing and lifestyle. The 
program became controversial due to its invasive character. It was ended in 1921. 

65. Couzens quit, upon an argument with Ford who was using The Ford Times to express his 
personal anti-war views. (1915) 

66. Ford gained a reputation as an anti-war activist, escalating with the Peace Ship expedition to 
Europe, which was a failure as the prestigious guests did not participate. (1915) 

67. On 2 November The Ford Motor Company was sued by John and Horace Dodge, demanding a 
halt of all expansions and distribution of 75% of cash surplus as dividends. (1916) 

68. Henry Ford sued the Chicago Tribune for libel. The newspaper had characterized Ford on June 
1916 as an “ignorant idealist … an anarchistic enemy of the nation” The trial was held in 1919. 

69. Production of Model T's: 523,000. This accounted for 32% of all cars made in US and was four 
times what their nearest rival manufactured. (1916) 

70. The US enters the war. (1917) 

71. In the period 1917-1918 The Ford Motor Company worked for the government. They 
manufactured thousands of ambulances, cars and trucks for the forces, thousands of Liberty 
airplane engines, participated in drives for Liberty Loans and the Red Cross and made films for 
military training and to communicate to the public activities of the military. 

72. The Ford Motor Company lost the Dodge court case on October 31 1917 and was ordered to stop 
expansion and pay dividends of approx 19 million. The company appealed in higher court. 

73. Henry Ford run for senator. He did not spend any money on a political campaign and lost with a 
thin margin. (1918) 

74. End of WWI. (1918) 

75. Henry Ford won the case against Chicago Tribune for libel, however was awarded only 6 cents 
in damages. Despite the exposure of his lack of knowledge of basic history he rose again as a 
public hero, receiving hundreds of support letters by plain citizens. (1919) 

76. The higher court examined the Dodge case and cancelled the halt of expansion, however ordered 
dividends to be paid. The Dodge case also contributed to the public perception that Ford 
management was primarily interested in improving their services (investing in the business) 
rather than extracting profit. (1919) 

77. Manufactured 40% of all cars made in the US. (1919) 

78. Henry Ford used a representative to buy out all minority stakeholders while allowing a rumour 
that he was leaving the Ford Motor Company to start a new company. (1919) 

79. Exit of executives from 1919 to 1921 

80. The Independent, a newspaper bought by Ford started a series “The International Jew”, which 
supported Fords general views against Jewish people. The series was discontinued in 1922, 
replaced by other anti-Semitic articles focused upon specific cases and individuals. 

81. The economic recession slowed down the automobile industry. The Ford Motor Company 
applied the previous tactic of lowering supply costs and forcing dealers to accept orders, which 
caused lasting bitterness amongst them. 

82. Ford Motor Company total production (US, Canada and Foreign)= 582,647 cars in 1920 

83. In 1921 the social program was ended, as Ford accepted its outdated paternalistic character 

84. Ford Motor Company total production (US, Canada and Foreign)= 1,050,741 cars in 1921 
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85. Ford Motor Company imposing their US distribution system to UK dealers, elimination 
wholesalers and imposing sales quotas to salespeople. As an outcome of this tactic throughout 
the 1920's and 1930's they were loosing dealerships to local competitors. 

86. Ford Motor Company total production (US, Canada and Foreign)= 1,425,830 cars in 1922 

87. Sales of Model T begin to decline after 1923. General Motors poses a competitive threat, 
producing cars at various price ranges, organizing loans that allowed customers to buy on credit 
and decentralizing their management structure. Ford Motor Company persists with Model T. 

88. Ford Motor Company total production (US, Canada and Foreign)= 2,201,188 cars in 1923 

89. Ford Motor Company total production (US, Canada and Foreign)= 2,083,481 cars in 1924 

90. Lawsuit for libel by one of the Independent’s Jewish targets. Ford sought out-of-court settlement 
in 1927. His public apology was accepted by the press, however the honesty of his claim, not 
being fully aware of the content of the paper articles, was doubted. 

91. In 1925 Ford lost market leadership in the UK to Morris 

92. Ford Motor Company total production (US, Canada and Foreign)= 2,103,541 cars in 1925 

93. Seeking Ford’s opinions on general issues that do not relate to his business is being criticized by 
the press. (1926) 

94. Ford is being pressured from his management, including his son Edsel, to admit the obsolescence 
of the Model T. The vice president, Ernest C. Kanzler, presents a memo to Ford, arguing for the 
need to introduce a new model. He resigned after 6 months. (1926) 

95. The press analyses the challenges that the company was facing, identifying the diminishing 
market segment of first-time buyers that Ford was aiming to. They furthermore note the 
disorganized dealer network and internal management intrigues. (1926) 

96. Ford Motor Company total production (US, Canada and Foreign)= 1,752,075 cars in 1926 

97. On the 26 May 1927 the company announced an “entirely new car”. 

98. The restructuring of the production process and machinery was needed. Management decided 
that the River Rouge plant would be the primary production factory, which along with 34 US and 
12 overseas plants would need retooling. (1927) 

99. Thousands of workers were laid off, the production was terminated in June 1927 and the first 
model was assembled in October 21.  

100. Ford disclosed information about the new car, allowing rumours to circulate in the press, creating 
a hype in the market from June until December 1927. 

101. The launch was a great success. The new car was introduced on the 2nd of December 1927 in 
showrooms all over the country. 10 million Americans saw the car within 36h, 25 million within 
a week.  

102. Ford was presented as the driver behind the whole process. 

103. Ford Motor Company total production (US, Canada and Foreign)= 555,796 cars in 1927 

104. Ford Motor Company total production (US, Canada and Foreign)= 833,511 cars in 1928 

105. Ford market share in the UK had fallen to 5.7%m when Morris and Austin combined accounted 
for 75% of the market. (1929) 

106. Ford Motor Company total production (US, Canada and Foreign)= 1,967,741 cars in 1929 

107. During the n1930’s Henry Ford disengaged from the company, pursuing other interests (Ford 
Museum, Greenfield Village, village industries, experimental soybean farms, practical 
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educational projects). However, he was still making all major decisions in The Ford Motor 
Company, regarding new models, labor policy, etc. 

108. Ford Motor Company total production (US, Canada and Foreign)= 1,5517,023 cars in 1930 

109. Ford Motor Company total production (US, Canada and Foreign)= 771,444 cars in 1931 

110. $140 million losses from 1931 to 1933 

111. Ford Motor Company total production (US, Canada and Foreign)= 451,591 cars in 1932 

112. In December 1933 the Fortune magazine provided an in depth analysis of Henry Ford and his 
company, identifying his authoritative management style and his apparent indifference to 
declining sales and losses. 

113. $20 million losses in 1933 

114. Ford Motor Company was losing market segment. In 1933 GM sold 650,000 cars (41%), 
Chrysler 400,000 cars (25%) and Ford 325,000 cars (21%). 

115. Workers and executives were dissatisfied by work conditions as Ford developed an internal 
spying system, called the service department. Bennett, the department’s chief, had ties with the 
underworld and was carrying guns in the office. He was subverting his rivals in the company and 
acting as the company’s spokesman in union matters. (1933-1937) 

116. Ford Motor Company total production (US, Canada and Foreign)= 515,488 cars in 1933 

117. Ford Motor Company total production (US, Canada and Foreign)= 872,849 cars in 1934 

118. Ford Motor Company total production (US, Canada and Foreign)= 1,368,139 cars in 1935 

119. Ford Motor Company total production (US, Canada and Foreign)= 1,233,943 cars in 1936 

120. Internal spying and harsh treatment of workers. Management was demanding faster pace of work 
under the threat of lay-off. There was great fear between workmen, and extreme working 
conditions developed, such as workers not being allowed to talk, have only 15min lunch break 
and not being allowed to go to the toilet unless a substitute was available.  

121. Ford men attacked union organizers on the 26th of May 1937, an incident that became known as 
the “battle of the Overpass”.  

122. The National Labor Relations Board found Ford guilty of violating the Wagner Act for 
interfering with unionization and firing workers who tried to organize. 

123. Ford Motor Company total production (US, Canada and Foreign)= 1,378,201 cars in 1937 

124. Ford Motor Company total production (US, Canada and Foreign)= 797,566 cars in 1938 

125. Initiation of WWII. (1939) 

126. Ford Motor Company total production (US, Canada and Foreign)= 1,009,598 cars in 1939 

127. Ford Motor Company total production (US, Canada and Foreign)= 1,099,538 cars in 1940 

128. The US enters WWII (1941) 

129. After GM and Chrysler agreed to recognize the union bodies. Henry Ford only under the pressure 
of his son and some of his other managers agreed to hold a ballot as to whether workers would 
like union representatives. 

130. In the ballot that took place on the 21st of May 1941 only 3% of workers voted for no union 
representation. Upon these results unions were recognized by The Ford Motor Company. 

131. Ford Motor Company total production (US, Canada and Foreign)= 1,157,121 cars in 1941 

132. There is controversy about the Ford Motor Company’s role in WWII. There are claims that the 
company and the Ford family supported both sides. The Ford Motor Company claims that the 
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company had no control over what happened at the subsidiary, Ford-Werke, and that it did not 
profit from wartime operations at the German plant. 

133. Ford Motor Company total production (US, Canada and Foreign)= 416,456 cars in 1942 

134. Upon Edsel’s sudden death Henry became president on June 1, 1943. His leadership was 
ineffective, as his mental health was deteriorating. 

135. Ford Motor Company total production (US, Canada and Foreign)= 307455 cars in 1943 

136. Ford Motor Company total production (US, Canada and Foreign)= 321,973 cars in 1944 

137. Internal corporate politics between Bennett and Henry II climaxed. (1945) 

138. Only in 1945 when Henry Ford reached the point of not being able to recognize many others 
beyond his immediate family, he stepped down. Henry II became president in September 21 
1945.  

139. The presidency of Henry II initiated a new era of reorganization of operations and corporate 
structure. (1945) 

140. Ford Motor Company total production (US, Canada and Foreign)= 283,920 cars in 1945 

 
 


