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Abstract
The observation, in the early 21st Century, that all is not well with the global environment is widespread. Acknowledgement that much or most of the recent dramatic degradation is anthropogenic is less widespread. Indeed, there are still powerful lobbyists who contend that the ubiquitous decline of biodiversity is a natural phenomenon. This paper challenges this unwillingness to accept responsibility for degradation of the biosphere; the ongoing degradation is one of the greatest ethical dilemmas yet faced by humanity: how to balance the needs of an ever expanding human population with those of the environment that both surrounds and sustains us. 
In light of environmental concerns, UNESCO’s International Bioethics Committee met in 2004 to determine universal norms for bioethics. However, the meeting resulted in a re-definition of bioethics, such that it more closely reflected medical ethics. The new focus was to be on issues such as xenotransplantation, stem cell research and genetic engineering. Opposition to this came from bioscientists (rather than biotechnologists and medical practitioners), who saw mankind not as being separate from the biosphere, but part of it. As a result of this dissention, an “Experts Group”, to evaluate environmental ethical norms, was established under the umbrella of UNESCO’s World Commission on Ethics of Scientific Knowledge and Technology. The document this group produced pays special attention to biodiversity and sustainable practice, and includes imperatives to respect all life, ensure environmental justice, ensure intergenerational rights and an appropriate recognition of the precautionary principle. Effective codes of practice, including ongoing professional development for those who use, develop and manage our natural resources, are seen as a priority.
1. Introduction:

The sciences of palæoclimatology and palæoecology illustrate that significant fluctuations in the biosphere have occurred over the past three billion years. Indeed, three billion years ago, the Earth’s atmosphere would have supported very few of the organisms we are familiar with. There is much evidence of periods of catastrophic global change over the subsequent aeons, with recognition of this phenomenon derived primarily from observations of organic extinction (Buckeridge, 1999). Temperature fluctuation, volcanism and extraterrestrial impact have more than once decimated the Earth’s species, such as at the close of both the Permian and the Cretaceous systems. With the exception of those resulting from extraterrestrial impact, it now appears most likely that extinction events occurred over millions of years rather than millennia or centuries. Nonetheless, we should exercise some degree of caution when estimates of species extinction rates and biodiversity levels are given, for our knowledge of the Earth’s biodiversity is still very incomplete. In light of this, some analysts suggest that about 30% of the currently accepted species names used in North America are invalid (Alroy, 2002). The implications of this are that North American biodiversity may be overestimated, by unsettled taxonomy, by up to 40%.  Thus instead of 5-15 million species, there may be 3.5-10.5 million. Notwithstanding any potential downgrading of extinction rates, Alroy (loc. cit.) concedes that this adjustment in no way diminishes the current mass extinction process.
At the present time there is ample evidence of rapidly encroaching, and widespread environmental collapse (Brundtland, 1987). Further, it is clear that this is not a function of extraterrestrial events… rather there is irrefutable evidence that this global degradation is both anthropogenic and is clearly derived from unsustainable practice. The concept of sustainable development was widely adopted as an appropriate resource management tool during the last decade of the 20th century. However, the concept of development implies change, and in many situations this change resulted in further environmental degradation. Recognition of the need for the more benign environmental management is now widespread (see Resource Management Act 1991). 
Sustainable management is an admirable goal, especially for developed countries; however it is less enthusiastically embraced by “developing” nations, who clearly see it as an impediment to achieving economic and cultural strategies. Sustainable management is a process wherein current policies and activities can be maintained indefinitely, thus it excludes development per se and any resultant change that will deleteriously impact upon natural systems
. 
However, even in the “developed nations”, there is growing unease about how sustainable the current resource management strategies really are. In Australia, for example, although legislation such as the 1999 Environmental Protection and Biodiversity Conservation Act has resulted in significant new areas being gazetted as nature reserves (e.g. there are now 17.6 million hectares of marine systems), and increased public environmental awareness, (resulting in reduced per capita energy and water usage), many practices are still unsustainable, such that there is increasing land degradation due to salinification, soil acidification, continuing land clearance and introduction of invasive species.  Current resource management practices are clearly not sustainable, even in the short to medium term… and one of the first crises to impact upon Australian society will be water supply – not just for crop irrigation, but the potable water supply. 
Some commentators believe that economies such as Australia will only survive if there is a profound change in the mindset and a reorientation of the national culture (Goldie et al. 2005). In the decade and a half since Rio Conference (1992), the economies of countries like New Zealand and Australia have expanded greatly, and politicians, such as New Zealand’s Helen Clark have a clear view of this continuing:

“… we (have) strategies to tackle climate change and to lift innovation and entrepreneurial activity to ensure the economy reaches a sustainable path to growth”.
Helen Clark, (Prime Minister, N.Z.), New Zealand Herald, June 2002.
Helen Clark’s statement is perhaps a comforting slogan for some of her constituents, but it is superficial, for it implies that success will be measured by growth in a closed system. The inescapable conclusion reached from her statement is that if New Zealand’s economy is to grow, it must be at the expense of other economies. This is a dangerous strategy, and is clearly reminiscent of a misunderstanding of the Global Commons concept. Fortunately, not all senior government analysts see the future in the same light. Dr. Morgan Williams, New Zealand’s Commissioner for the Environment in Creating our future: Sustainable Development for New Zealand, (2002) stated:
Current trends in consumption of energy and natural resources, production of waste, growth in urban areas, biodiversity losses and biosecurity threats, land-use and water issues in both rural and urban areas, and air quality in urban areas are all signs that New Zealand is not functioning in a sustainable manner.

Sustainable Management necessitates sustainable resource management at a global level. It requires more than simply ensuring a growing national economy. At the very least it requires application of triple bottom line “environmental accounting”. However a triple bottom line may also be flawed, as it ignores the impact of technology: all too often we have found sustainable development projects founder because the technology to implement the project has failed. In this paper, a “4 Es” approach to sustainable practice is advocated: Ethics, Environment, Economics and Engineering, wherein ethics includes social cultural and spiritual perspectives, whilst engineering includes the availability of appropriate technologies. In a sense, to proceed without due cognisance of all the four Es is unethical.
In 2004, UNESCO’s International Bioethics Committee met to investigate the potential for development of a series of universal norms for bioethics (Buckeridge, 2004). Traditionally, bioethics has been viewed as behaviour relating to humans and the environment. Indeed, this is in line with Van Potter, who coined the term bioethics in 1970 as:
Biology combined with diverse humanistic knowledge forging a science that sets a system of medical and environmental priorities for acceptable survival.                

(Van R. Potter, 1988)
However, the meeting, held in Paris during April, resulted in a re-definition of bioethics, such that it more closely reflected medical ethics. i.e. there was a clear intention to move away from the original broad “environmentally global” definition of bioethics, to focus directly on how advances in technology affect humans. In particular, the focus was to be on issues such as xenotransplantation, stem cell research and genetic engineering. There was, nonetheless, opposition to this move, and this came from bioscientists (rather than biotechnologists and medical practitioners), who saw mankind not as being separate from the biosphere, but part of it. As a result of this dissention, an “Experts Group”, to evaluate environmental ethical norms, was established under the umbrella of UNESCO’s World Commission on Ethics of Scientific Knowledge and Technology (COMEST). Two meetings of the group were held later in 2004, and a draft of the ethical norms that resulted is to be submitted to UNESCO for ratification in 2005. These draft norms are wide ranging, and pay special attention to biodiversity and sustainable practice. In addition issues such as the imperatives to respect all life, ensure environmental justice, ensure intergenerational rights and appropriate recognition of the precautionary principle are included. There was strong agreement about the need for effective codes of practice for those who use, develop and manage our natural resources.
2. The Crisis:
2.1 Sustainable Development:
Sustainable Development was defined in Brundtland (1987) as use of the earth’s resources which: 

…seeks to meet the needs of the present without compromising the ability to meet those of the future.
However, this clearly omits any specific obligation that we have to natural systems… i.e. it is anthropocentric. More than a decade later, at Rio ‘92, the basic premise remained unchanged, with the key outcome of the “Earth Summit” being that human beings remain at the centre of concerns for sustainable development; i.e. humans are entitled to “a healthy and productive life in harmony with nature”. The 26 Principles of the Rio Declaration are a strictly utilitarian view of environmental protection wherein concern for the nonhuman natural world including interspecies justice is lacking (Bosselmann and Grinlinton, 2002). These elements are crucial for any strategy for environmental justice. Environmental justice, as distinct from mere social justice, must incorporate a synergy of intragenerational, intergenerational and interspecies justice. This was the challenge that faced the COMEST “Experts Working Group” in 2004.
2.2 Population growth:
The greatest impediment to interspecies justice is the exponential growth of the human population. In Bangladesh, Ecuador, Ghana, Guatemala, Nigeria, Philippines, Thailand and Zimbabwe, population growth rates are 3.3% (i.e. this translates to 21 years for the population to double); Syria and Kenya have growth rates of approximately 4% (17 years to double); Rwanda 8% (8.5 years to double). However, 50% of the Kenyan population is under 15 (Pojman, 2005). Further, the demographic momentum of countries such as India is such that even if the average size of families dropped to replacement rate, the current population of 870 million would reach 2 billion by 2100 (Pojman, 2005). Globally, 10,000 starve to death daily, and 2 billion are malnourished. Wolf (2005) challenges the Malthusian approach adopted by many environmentalists, that human development – pursuit of issues such as women’s equality, will result in lower fertility rates, thus solving environmental problems. He concludes that environmentalists must focus on social justice for humans if we are to save the fragile natural systems of the Earth (Wolf, 2005). It is now very apparent that social justice necessitates a more equitable sharing of the Earth’s resources, including technology transfer. However, even if socioeconomic issues are appropriately addressed, it is becoming increasingly unlikely that they will be solved quickly enough to conserve the fragile natural environment. 

2.3. Industrial Efficiency

Reflecting upon human history illustrates that we are indeed a very resilient species. von Weizsäcker et al. (1998) states that we must increase our production efficiency by two fold and decrease our use of resources by a further two fold to achieve sustainability (i.e. Factor 4).  Now, a “Factor 10” initiative seeks a 10 fold improvement, but it is clear to many that even this is a gross underestimate. We need to implement significant changes in the way products are designed, manufactured, used and disposed. However, is this likely with the present mind set?
3. Ethics
It is now necessary to review this term ethics. The concept is clearly not new. In the 4th Century B.C, Aristotle wrote his Nichomachean Ethics, a text and philosophy that retains relevance today. There are however, some deficiencies with Aristotelian ethics (or “Virtue Ethics”) and these have led to the development of further moral codes, e.g. wherein ethical decisions are based on consequences (utilitarianism), on an underlying rationale (deontology), or adoption of profound personal responsibility for actions (existentialism). That there is still no universal code of ethics is testament to the nature of ethics, which is a representation of the moral values of any particular group or society (Buckeridge, 2002). As history shows, these are always in flux. In this paper, the meaning of ethics is refined as: the application of moral values within a professional context.

Clearly any application of moral values, in a professional context, requires the practitioner to make sound ethical judgements. Indeed, this is the fundamental basis of a code of ethics; it is also the most difficult aspect in the application of ethics. 

The process of determining the relative importance of multiple (and often conflicting) parties, criteria, requirements and perspectives when making a decision, does not come easy to many scientists, engineers and technologists. Science is a discipline founded on logical and sequential thought. As such, scientists and technologists can be expected to be rational and analytical. They are often termed “left brained”, and in this context, readily adopt a reductionist approach to solving problems. This contrasts with what are loosely termed “right brained” thinkers – i.e. individuals who are traditionally not scientists, but who are intuitive, holistic and subjective when analysing situations. Those of us, who gravitate to science and engineering vocations, generally do so because we are comfortable with the “left brained” approach. 

Scientists and engineers are being increasingly challenged to respond to situations that require ethical resolution, and the moral constructs in which these problems arise more often than not require holistic and subjective solutions. The “Proximity Relationships” shown in Figure 1 illustrate some of the very diverse parties likely to be affected during the decision making process. The more remote parties are to the decision maker, is directly in proportion to the degree of altruism that can be expected in decision making. The intellectual filtering mechanism that we employ when deciding on a course of action generally makes it easy for individuals to respond positively to the needs of their immediate families. It is difficult to decide favourably for more remote parties, such as “sentient beings” when to do so would disadvantage those closer to us. Decision-making moves to another level of complexity when issues are considered from different temporal (or geographic) perspectives.  Finally, even though our world is becoming increasingly secular, there is always a need to attempt to quantify the importance of higher beings. Although this aspect is critical when dealing with subjects such as stem cell research and cloning (see Maienschein, 2003), other areas, such as those involving indigenous rights, may necessitate consideration of spiritual values of great local relevance (Buckeridge, 2002). 


Figure 1. Proximity Relationships. The right, or correct decision for any set of circumstances will vary according to how the decision is modified (i.e. filtered) by any relationship effected parties have with the decision maker(s). Effected parties may be proximal (e.g. “A”), distal (e.g. “B”), or remote (e.g. “D”). Decisions may also be ranked on the basis of time, religion, altruism and on the potential for a choice to have any lasting effect (e.g. “D” and “E”).  When there is conflict, it has generally arisen in circumstances where there has been no widely accepted, single, correct choice.   The first step in making an appropriate ethical choice must be to understand the nature of these “proximity relationships”. A study of ethical constructs can help achieve this. Note: This scheme may be considered incomplete by some, as it fails to address how (or if) we need consider inanimate systems such as landscapes. (Adapted from Buckeridge, 2004).

5. Recognition of blame: 

In many countries scientists in general are regarded with angst, dismay and anger, sometimes with resultant violence. At the 2004 Asia Pacific Economic Co-operation Forum in Christchurch, New Zealand, Wayne Cartwright, (from the University of Auckland’s Faculty of Business and Economics), stated that the promotion of genetically modified food was one of the most disastrous scientific campaigns ever. In determining blame for this, he singled out science, concluding that the current debacle was the result of the “ethical arrogance” of scientists.  

Whether we like it or not, many agree with Cartwright; the wide support for those who destroy genetically modified crops, and the threats against scientists and other professionals involved with any form of animal experimentation is testament to this. The blame levied against scientists is often misplaced, and this, in part flows from our inability (or unwillingness) as scientists to communicate our ideas effectively. In the final analysis, it is a loss of trust, in scientists, and in science and technology.

5. Ethics as part of the university curriculum
A professional is one who accepts responsibility for the effects of his/her actions. But responsibility is taken one tangible step further for some professions, such as engineering, for under law a professional engineer is accountable. Indeed, it is this accountability that provides the strong financial incentive for engineers to do the right thing. The adoption of this model was not taken lightly: the engineering profession saw a code of ethics as fulfilling a very real and precise need. Since the mid 20th Century, many technological (i.e. engineering) advances resulted in alienation or destruction of natural systems; it is this environmental degradation (and the blame apportioned to technologists), that led to a drop in public confidence in engineering. Public confidence is simply a measure of trust, and without this trust, a profession has no mandate (Buckeridge 2002). Thus a code of ethics is a deliberate move to counter a growing lack of public trust. The widespread adoption of more rigorous ethical protocols by engineers, and the accountability that this entails, has significantly improved the public image of that profession. 

The natural sciences could do much worse than emulate the engineering model – not least because they are no longer publicly “invisible”. The general population is more educated, and informed, than ever before. Of course scientists could well adopt a laissez-faire approach, i.e. wait and see what happens, but we should be mindful of recent initiatives by European Union leaders such as British Prime Minister Blair, who in 2004 stated in the Times Education Supplement, that biologists should move to regulate their discipline, or it may be done for them.

5.1 Curriculum content
It is not the intention of this paper to provide an in-depth guide to what should be included in a “Professional Practice Course” for scientists, technologists and other professionals. There are however, some components that would be desirable in any course (Buckeridge, 2004). 

These include:

· A historical overview of moral theory. [A necessary foundation, from which future ethical decisions may be made].

· An overview of extant codes of ethics in related disciplines. [This lends itself to strong utilisation of case studies: i.e. what happened and why; then reflection upon how a similar situation should/could be handled.]

· Analysis of the reasons why a code of ethics is necessary, with discussion on the rôle that scientists and other professionals are likely to adopt in the future, including widespread adoption of the concept of sustainability. [This provides the opportunity to discuss the concept “one solution invariably will not suit all” – cultural sensitivity, and special needs are developed and analysed here.]

6. Where to next?

There are many indicators that we are entering a very bleak period for the Earth’s natural environment. At the same time there is still widespread uncertainty about what sustainability really means. There are too many politicians who pursue economic goals at the expense of all else. The engineering profession has taken a laudable lead in trying to instil appropriate values into the engineering curriculum, such that new graduates will more fully appreciate the effects of their future activities, including issues like social justice. There is now an urgent imperative to ensure that other professions adopt a similar approach, permitting an opportunity, while they are senior undergraduates, to reflectively evaluate the ethical, economic, environmental and engineering systems in which they will ultimately function. In addition, all professions must be proactive in the pursuit of professional development, for it is through this mechanism that sustainable resource management can be instilled into all facets of human activity. 
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� One development that clearly does enhance the environment is development of sustainable technologies.





�PAGE \# "'Page: '#'�'"  ��





PAGE  
page 1

