Human Adaptation To Stratospheric Ozone Depletion 

And Its Relevance In Light Of Global Climate Change

CHAPTER ONE
INTRODUCTION 
 

Climate change may represent the most significant challenge to human adaptability in recorded history.  This thesis considers the form that challenge may assume, by examining the history of human adaptation to stratospheric ozone depletion and the knowledge that increased ultraviolet light induces skin cancer.  From this, I have distilled conclusions about human interaction with the biosphere relevant to global climate change.

As part of this process, I have considered the role of risk, uncertainty, ignorance and indeterminacy in the translation of science to public policy, and the increasing acceptance of precaution as a guiding principle for human interaction with nature.

1. 1
The Potential Consequences Of Global Environmental Change

As a direct consequence of our agricultural and industrial technology, we are rapidly causing to degenerate our sole habitations, that narrow strip of soil, air and water - the biosphere - in which we live and move and have our being.  

John Passmore, 1980, Man’s Responsibility For Nature, 3.

The most serious consequence of global environmental change is the erosion of earth’s life support systems, yet the nature of this threat to the health and survival of the world’s living species has received little attention (McMichael, 1993: xiii).  As climate is the most important environmental variable influencing ecological and societal systems (Bernabo, 1989: 3), cultural responses to stratospheric ozone depletion provide an interesting insight into human-induced global climate change, and the human attitudes and behaviours in response to it.

Five aspects of the present global climate change make it distinctive and particularly challenging (Turner et al, 1991: 398):

•  It is caused primarily by human activity, superimposed on constantly fluctuating physical or geochemical processes.

•  Its effects extend globally, either because they literally span the earth, as in climate change and ozone depletion, or because they accumulate regionally to create potentially irreversible damage.

•  It is characterised by rates of change in climatic conditions that are likely to exceed human capabilities to adjust, especially in already stressed economic and natural environments where vulnerability is greatest.

•  The scale of occurrence of its negative features are already so expensive as to be a serious and permanent burden on present and future economies, and are possibly irreversible.

•  Its scale and remorselessness is such that rich nations cannot avoid its consequences by building barriers for their own protection.

1. 2.
Stratospheric Ozone Depletion And Climate Change
Ambiguous use of the term ‘climate change’ dogs the literature.  I have used it to describe the observed changes in climate arising from the synergistic interaction of natural climatic variation and the enhanced greenhouse effect.  I have distinguished this from stratospheric ozone depletion when discussing them.

1. 3 
The Significance Of Ozone Depletion And Climate Change

Many people have hailed the relatively rapid political-legal responses to stratospheric ozone depletion as evidence of a newly found propensity to act swiftly and effectively in response to environmental change.  Assertions that adaptation to avert climate change will be equally swift and effective are less certain, as significant political-legal and socioeconomic differences between the causes of ozone depletion and climate change question this. 

Climate demonstrates how gradual environmental change can elicit limited responses over time, despite the possibility that if the same degree of change occurred quickly, it would be acknowledged as undesirable, and possibly ‘unacceptable’.  Characterised by Boyden as the ‘boiling frog principle’ (1989: 25), this phenomenon often represents a significant barrier to recognising deleterious changes of many kinds.

1. 4 
The Consequences Of Ozone Depletion And Climate Change

Though humans benefit from their ability to modify their environment, the predicted scale of climate change may pose the greatest ever challenge to our sociopolitical structures.  This challenge will come from the direct and indirect physical consequences of climate change, and from our responses. 

Climate change will not only have significant negative biophysical effects (IPCC, 1993: 2), but the very potential for deleterious change may induce significant maladaptive stress.  This stress may arise from the perception of increased risk and uncertainty. 

1. 5
The Significance Of Climate Change To Modern Society
What distinguishes the world today from previous epochs is that the hazards which society has to defend itself against are those resulting, not from the thunderbolts of the gods, or the blind chance of an inscrutable nature, but from human decisions. 

McDonell, 1993, Risk Management And The Precautionary Principle: Coping With Decisions, 1.

Human success has engendered a strong belief in our ability to interpret and modify the environment.  The paradox is that while our knowledge of and technical power to modify the environment increases, so has the scale of unintended and unpredictable impacts on the biosphere (Dovers and Handmer, 1992: 263).

If we fail to acknowledge that deleterious climate change is not only beyond our control, but is evidence of the falsity of our perception of control, it will have a deep and damaging impact on our already strained social organisation.  Without a concerted effort to overcome ignorance about the extent and consequences of climate change, inappropriate adaptation will increase social inequalities, especially regarding access to resources.

1. 6
The Aim Of This Thesis
The aim of this thesis is to consider some of the ways in which modern industrial societies have adapted to stratospheric ozone depletion.  From this, I infer ways in which humans may adapt to the threat of future climate change, and the consequences of those actions for social organisation. 

I have done this by considering both self-reported adaptive responses to the knowledge that increased ultraviolet light induces deleterious health effects, and international responses to stratospheric ozone depletion.  From these I have looked at the influence and limitations of science as source of authority in informing those adaptations.

Seven areas of this argument I wish to concentrate upon are;

•
The nature of stratospheric ozone depletion and the uncertainties that surround it.

•
The direct and indirect physical effects of ozone depletion on human health.

•
Individual responses to the knowledge that sunlight exposure may induce skin cancer.

•
The circumstances which led to the ratification of the Montreal Protocol on Substances That Deplete the Ozone Layer, and the role that science knowledge played in its formation.
•
The potential for significant physical and social changes in the way we interact with the world as a consequence of stratospheric ozone depletion and global climate change. 
•
The implications of these findings for how we use science to interpret the world. 

•
The increasing acknowledgment of uncertainty about the consequences of human interactions with the environment, and the practical implications this has.

This thesis does not examine the direct effects of climate change on the biosphere.  It does however imply that human culture is likely to continue to effect them significantly.

How humans respond to these uncertainties encapsulates the central issue.  If humans adapt successfully as individuals, as populations, and as a species, what will be the consequence of that adaptation?

My contention is that stratospheric ozone layer depletion and global climate change are manifestations of a wider global environmental change which we have been loathe to recognise,  as it challenges the humanist conviction that influence constitutes control. 

I conclude that we have already begun accepting unacceptable systematised inequalities resulting from deleterious environmental change, and that we are already amongst a scenario of gradualism that many of us have not recognised.

1. 7
Thesis In Summary

Chapter Two outlines the notion of biohistory, cultural adaptation, the implications of uncertainty in our knowledge about human- environment interactions, and the phenomenon of gradual acceptance of deleterious environmental change, known as the boiling frog principle.

Chapter Three briefly outlines the dynamic nature of climate and the significance of human-induced global climate change. 

Chapters Four and Five describe the nature, rate and extent of stratospheric ozone depletion, and the human health effects of increased exposure to ultraviolet light.

Chapter Six surveys some individual responses to the knowledge that overexposure to sunlight induces skin cancer, and considers the extent ti which awareness of ozone depletion affects those behaviours.

Chapter Seven reviews the cultural responses to the knowledge that human-induced stratospheric ozone depletion is occurring, by reviewing the events associated with the Montreal Protocol on Substances That Deplete the Ozone Layer and its subsequent amendments.

Chapter Eight considers the implications of uncertainty for climate change, while chapter Nine considers the limits of analytical science in response to this uncertainty.

Chapter Ten considers the unequal distribution of risk that will derive from maladaption to the threat of climate change.

Chapter Eleven concludes with the observation that the history of human adaptation to stratospheric ozone depletion demonstrates our capacity, but not necessarily our inclination, to adapt successfully to deleterious anthropogenic environmental change. 

Put simply, something is out of whack.  That is the guts of this thesis.  Our irrational exploitative relationship with the biosphere doesn’t defy explanation, but appears to defy practical resolution.  Judging the success of our cultural adaptation depends upon the perspective from which you experience its consequences.  This thesis is an attempt to unravel this problem by explicating some of the contradictory logics that inform our patterns of everyday life in modern industrial societies.

CHAPTER TWO
A Biohistorical Framework For Understanding Human Reactions To Environmental Change

Enormous scientific uncertainty surrounds global environmental change, with scientific indeterminacy being compounded even further by the lack of knowledge about how societies may respond to the possible impact of climate change (Turner et al, 1991: 398).  

Consequently, climate-history studies assessing the impact of climatic variations on human economic and social systems may either neglect the processes of adaptation as an embarrassing complication, or, as this thesis does, emphasise it in order to argue that worthwhile assessments of climatic impact are inordinately difficult (Ingram et al, 1981: 37).  Studying the human dimensions of global climatic change is an extremely difficult task because it implies studying relations between individual actions and the activity of humankind as a whole (Jaeger et al, 1993: 193).  This thesis uses biohistory to examine those relations, the complexities they embody and the implications these have for human health.

2. 1
Biohistory

Biohistory is a field of study that reflects the history of civilisation in terms of the interplay between natural and cultural processes (Boyden, 1992: 3).  As biohistory explains the world without constraining itself to natural or social science methodology, it is a useful tool for understanding human adaptation to stratospheric ozone depletion and global climate change.

A main theme of biohistory is the culture-nature interplay. This recognises that human situations involve a continual and highly significant interaction between biological and cultural processes (Boyden and Shirlow, 1989: 32).  The study of biohistory suggests the survival and well-being of humans on earth is dependant upon satisfying the health needs of humans and of the biosphere (Boyden and Shirlow, 1989: 32).

2. 1. 2.
The Four Ecological Phases Of Human History

Biohistory describes human history as four distinct ecological phases; the hunter-gatherer phase; the early farming phase; the early urban phase; and the modern high-energy phase (Boyden et al, 1990: 12). 

This thesis concentrates upon the modern high-energy phase, which began in the western world about two centuries ago (Boyden et al, 1990: 12).  The modern high-energy phase has witnessed the intensification of the interaction between humans and nature to such a degree that serious threats exist to human survival and to the integrity of the life-supporting processes of the biosphere (Boyden, 1989: 1).  The facility to exert this impact is attributable to the human capacity for culture. 

2. 2
The Human Capacity For Culture

The human capacity for culture is a remarkable characteristic that delineates humans from other organisms.  Culture, which was undoubtedly of selective advantage in the evolutionary or hunter-gatherer habitat in which it evolved, has permitted behaviours that are sensible in terms of Darwinian fitness, human well-being, and the interests of individuals, groups and the species as a whole (Boyden, 1991a: 83).

2. 2. 1.
Cultural Adaptation

Homo sapiens has evolved in a way that enables its biological adaptation to be complemented by a capacity for cultural adaptation (McMichael, 1993: 33).  Cultural adaptation describes deliberate adaptive responses based on cultural processes that aim to overcoming undesirable culturally induced changes in biological systems (Boyden, 1989: 2).

Cultural adaptation should be distinguished from the evolutionary adaptation mechanism of natural selection.  Evolutionary adaptation, as occurs through Darwinian natural selection, is the selection across generations of individuals having characteristics that contribute more offspring to the succeeding generation than those having less suitable characteristics.

2. 2. 2
The Four Prerequisites For Successful Cultural Adaptation

Successful cultural adaptation requires the satisfaction of four conditions (Boyden, 1989: 24).

1/
Recognition by the individual, or by society that an undesirable state exists;

2/
Some knowledge of the cause or causes of the undesirable state, or at least knowledge of ways and means of overcoming it;

3/
The individual or society must possess the means to deal with the undesirable state, and;

4/
The motivation to take appropriate action by those who make the relevant decisions.

I agree with this general framework, and while I accept that knowledge of the various causes or remedies for undesirable changes in natural systems facilitate successful cultural adaptation (Boyden, 1990: 29), my contention is that new understanding and acceptance of the inevitability of uncertainty and risk qualify these requirements.

2. 3. Dealing With Uncertainty: The Consequences Of Increasing Risk
The progress of industrial society has been accompanied by an increase in risk (Beck, 1992: 98). A distinguishing feature of modern industrial society is that the majority of hazards do not result from the blind chance of an inscrutable nature, but from human decisions (McDonell, 1993: 1).  Furthermore, the perception that these risks are increasing is exacerbating the growing dysfunctional stress experienced by modern societies (Boyden, 1989: 43)  An examination of the debate surrounding modern environmental controversies may help to explain why.

The notions of risk, uncertainty, ignorance, and indeterminacy have contributed greatly to our recognition of the complexity surrounding human-nature interactions.  This has partly resulted from the scientific burden of proof having been subject to increasing conflict in recent years (Wynne, 1992: 112), particularly concerning the recognition and interpretation of uncertainty in government policy making (Wynne and Mayer, 1993: 33). 

2. 3. 1.
Risk, Uncertainty, Ignorance And Indeterminacy

Risk describes the consequences of a scenario in which the system behaviour is well known, and the chances of different outcomes can be defined and quantified by structured analysis of mechanisms and possibilities (Wynne, 1992: 114).

Uncertainty describes the state of our knowledge when those chances are unknown, but we know or believe we may know their parameters and can estimate the odds from them (McDonell, 1993: 3).  It is a useful concept for situations in which the important system parameters are known and are explicitly included in an analysis (Wynne, 1992: 114).

Ignorance is an important element in describing the lack of knowledge upon which to make assessments (Wynne, 1992: 114).  Ignorance has great significance, as while there is no way of knowing the extent of our ignorance (McDonell, 1993: 3), its extent can easily be underestimated by the practical constraints of translating science into public policy.

Indeterminacy is the situation in which causal chains or networks are open ended (McDonell, 1993: 3), such as the indirect social effects of climate change (Young, 1993a: 11).

2. 3. 2. 
The Practical Application Of These Elements To Cultural Adaptation

The social institutions of industrial society have been confronted with the historically unprecedented possibility of the destruction though decision making of all life on this planet.

Urlich Beck, 1992, From Industrial Society to the Risk Society, 101.

The paradox arising from the human capacity to interact with and interpret its environment is that our increasing understanding, knowledge, and technological power accompany greater uncertainties arising from the scale of its unintended and unpredictable impacts (Dovers and Handmer, 1992: 263).  This has meant that the more we modify our environment, the less spare capacity the biosphere has to deal with stress (Dovers and Handmer, 1992: 263).

In the light of this, I propose that successful cultural adaptation requires, ‘some knowledge of the cause or causes of the undesirable state that exists, or an acceptance of the inability to overcome it, and to act with caution in light of that risk.’  While not expressed in this form, this adaptation is occurring, to varying degrees, through the incorporation of the precautionary principle into public policy formation in Australia and in international law. 

As a means of examining the influence of  risk, uncertainty, ignorance and indeterminacy on human adaptation to stratospheric ozone depletion, this thesis considers how they are incorporated in human-nature interactions at the personal and the official level, by looking at instances of behavioural adaptation to sunlight exposure, and the development of the Montreal Protocol On Substances That Deplete The Ozone Layer. 

2. 4. 
Conclusion

The art of progress is to preserve order amid change, and to preserve change amid order.  Life refuses to be embalmed alive.  The more prolonged the halt in some unrelieved system of order, the greater the crash of the dead society. 

Whitehead, 1978, Process and Reality, 339.

The human capacity for culture has provided humans with an immense power to exploit the biosphere, which has contributed significantly to our population success as a species.  The extent of that influence has upset ecological balances in ways that were unintended, and increased the degree of uncertainty and risk we face in modern society.

While our current predicament suggests an unwillingness to adapt to this realisation, perhaps impelled by the illusion that our influence has constituted control, the increasing use of the precautionary principle suggests this may be changing.

The remainder of this thesis uses biohistory to consider instances of human adaptation to stratospheric ozone depletion, and the relevance of lessons drawn from these to public policy on global climate change.

CHAPTER THREE


The History and Significance of Global Climate Change

The significance of climate for human survival is self evident.  The significance of climate change is much more controversial. 

3. 1.
Climate Variations And Their Significance To Life On Earth

Climate has always varied, with some of those variations having provided the opportunity for life to evolve on earth.  Figure 3.1 depicts those changes and the era in which they occurred.

Figure 3. 1.
Climate Change And The Evolution Of Life

Reproduced from: McMichael, 1993, Planetary Overload, 27.

About 3.6 billion years ago, life was confined to the oceans, waterways and sludge (McMichael, 1993: 26).  Approximately three billion years ago, oxygen accumulated in the atmosphere, with some being gradually converted into ozone.  By about 400 million years ago sufficient ultraviolet-absorbing ozone had accumulated to allow a wide range of plants and amphibians to survive on dry land shielded from excessive solar radiation damage (McMichael, 1993: 28).  

The presence of an atmosphere began the ‘greenhouse’ effect, which describes the absorption of greater proportions of thermal energy from the sun than would otherwise occur.  The naturally occurring ‘greenhouse’, identified by Arrhenius in 1896 (Wiin-Nielsen: 1991: 121), has resulted in global surface temperatures of 35 to 40°C warmer than would be expected for a similar planet lacking atmosphere at a comparable distance from the sun (Lamb, 1982: 325). 

3. 1. 1.
Modern Climatic Conditions 

The Earth’s climate has retained a hospitable but dynamic nature for a number of reasons.  

Over geological time, climate has been extremely dynamic, with the most detailed records suggesting that over many thousands of years, sudden swings were the rule rather than the exception (Haugaard Nielsen, 1993: 29).

We are currently living at the end of a geologically brief warming in an otherwise cold epoch.  Over the last one million years the earth has been in an ‘ice age’ with a 100,000 year cycle of the waxing and waning of cold periods and the formation of huge ice sheets (Bernabo, 1989: 4).

Each of these glacial periods lasts about 90,000 years and is punctuated by shorter interglacial warmings of about 10,000 years each.  The maximum warmth of this interglacial period occurred about 6,000 years ago when global temperatures were about 1°C warmer than the 1930 to 1960 mean.  In the broad scheme of natural variations over the millennia, we are due to enter another glacial period (Bernabo: 1989: 4).  

3. 1. 2.
Influences On Climate
Innumerable factors affect climate, including the orbital cycle of change in orientation of the earth toward the sun, the eleven year cycle of solar flares, variations in the geometry and gyroscopic wobble of the earth as it orbits around the sun, continental drift and the long term increase in the Sun’s temperature (McMichael, 1993: 133).

Controversy over the possibility of human-induced global temperature increases turns on the enhanced efficiency of the ‘greenhouse’ effect by the increased accumulation of particularly effective greenhouse gases like water vapour, carbon dioxide, methane, and chlorofluorocarbons (IPCC, 1992b: 7).  This phenomenon is sometimes described as the ‘enhanced greenhouse effect’, because it is not new, but the intensification of a natural process that has influenced climate for millennia.

Considering these factors, the potential climatic effect of human activity must be considered against a background of varying climatic conditions.  

3. 2. Human-Induced Climate Change

Human induced depletion of stratospheric ozone beyond climactic norms is considered a proven phenomenon (UNEP, 1989: 2, cited in Tsamenyi and Bedding: 1990: 3), and whilst the IPCC (Intergovernmental Panel On Climate Change) Scientific Assessment states with certainty that human activities will enhance the greenhouse effect (IPCC, 1992a: 6), uncertainties exist about the timing, magnitude and regional patterns of climate change (IPCC, 1993: 9).  Appendix A details the extensive range of environmental and socio-economic impacts the IPCC consider may be affected by climate change.  

3. 2. 1.
Difficulties In Identifying Cultural Adaptation To Climate Change

Typically, studying adaptive strategies to climatic impact is even more complex than identifying and measuring climate changes and their physical consequences (Ingram et al: 1981: 39).  The principal problem is that a given change in climate may have a variety of effects, and a particular historical event may be the product of either climatic amelioration or deterioration.  A myriad of physical, economic, and social factors complicate the nexus between climate change and a change in behaviour (Anderson, 1981: 337).

Furthermore, adaptation may occur without any clear perception of the climatic stimulus.  It may be sufficient that the effects of climate change are recognised in order for some adaptation or response to occur, whether in the form of a carefully thought out course of action, or a more or less blind trial and error response (Ingram et al, 1981: 41).

3. 3.
Conclusion

As a consequence of the dynamic nature of climate, human cultural adaptation and the difficulties in interpreting the interaction between them, this thesis considers anecdotal evidence provided by adaptive cultural responses to stratospheric ozone depletion, and behavioural responses to the knowledge that increased exposure to the sun induces skin cancer.

CHAPTER FOUR

The Effects Of Stratospheric Ozone Depletion 

Although the stratosphere is remote, the changes induced by the depletion of stratospheric trace gases and the resultant increase in ultraviolet radiation are of concern for all living things on the surface of the earth (Brune and Stimpfle, 1993: 133).  This chapter explains what the stratospheric ozone layer is, its significance as an ultraviolet radiation filter, and the potential consequences of increases in ambient radiation.

4. 1.
The Stratospheric Ozone Layer

This layer is an envelope of ozone in the stratosphere, most dense between the altitudes of 20 and 25 km (Beder, 1992: 4).  The stratosphere contains approximately 90% of the atmosphere’s 3 billion tonnes of ozone (Lothian, 1990: 2).  Even though stratospheric ozone is at its densest concentration at only about 10 ppmv (Doolittle: 1989: 408), its ability to absorb solar and terrestrial radiation make it one of the most important naturally occurring trace gases in the atmosphere (Fraser, 1988: 16).

4. 1. 1.
Stratospheric And Tropospheric Ozone

Stratospheric ozone should be distinguished from the ozone in the troposphere, the innermost layer of the atmosphere (Tyler-Miller, 1990: A53).  Tropospheric ozone accounts for about 10% of the total ozone column (Madronich et al, 1991: 4).

Tropospheric ozone is formed through complex photochemical reactions involving reactive hydrocarbons, nitrogen dioxide (NO2) and sunlight (Lippmann, 1991: 1954).  It can acutely affect human health (Lippmann, 1991: 1956), though the full extent of changes induced at the earth’s surface by increased tropospheric ozone are unknown (Fishman and Kalish, 1990: 18).  

A confounding consequence of stratospheric ozone depletion may arise, as increased ultraviolet light stimulates tropospheric ozone production (Cagin and Dray, 1993: 326).

4. 1. 2.
The Significance Of The Stratospheric Ozone Layer

The ozone layer is significant for two main reasons.  Firstly, ozone is a greenhouse gas and its distribution at different altitudes may influence atmospheric thermal clines and stratospheric circulation patterns, inducing changes that have major implications for global climate patterns (UNEP: 1987: 10).  Secondly, stratospheric ozone depletion will allow the penetration of more uvb radiation to the lower atmosphere and the surface of the earth (Madronich et al, 1991: 2), which is likely to lead to an increase in the risk and extent of uvb radiation damage to life forms, including plants, animals and humans (Tsamenyi and Bedding: 1990: 4). 
Ultraviolet radiation is categorised into uva, uvb and uvc according to wavelength.  

Table 4. 1 
Some Properties Of Ultraviolet Radiation
	Band
	Wavelength
	Absorption by Ozone
	Effect On Life

	uva
	315 - 400 nm
	Some
	Harmless

	uvb
	280 - 315 nm
	Most
	Harmful

	uvc
	200 - 280 nm
	All
	Lethal


Adapted from: Lothian, A., 1990, Understanding Ozone, 3.

Although uvc is particularly damaging to dna, thus having the greatest potential to harm living organisms, the ozone layer ensures that almost no uvc reaches the earth (Russell Jones, 1989: 207).  uvb is also damaging, but the ozone layer is usually effective in screening out most of it.  Naturally high levels of uva mean much of it can permeate the ozone layer (Beckmann, 1991: 6).

Figure 4. 1   Wavelength Composition Of Solar Ultraviolet Radiation
Reproduced from: McMichael, 1993, Planetary Overload, 182.

Ozone layer depletion has caused a significant increase in ambient uva and uvb, though, as uvb is more effective in inducing biological change, increases in uvb exposure are a more serious cause for concern (Beckmann, 1991: 6). 

A reduction in stratospheric ozone will increase the ambient radiation intensity and shift the uvb wavelength composition towards shorter wavelengths (Madronich et al, 1991: 1), though the magnitude of increase is dependent on the cloud cover and uvb irradiance present (Roy and Gies, 1989: 41). 

4. 1. 3.
Effective UVB Radiation

The relative spectral effectiveness of uvr on biological systems decreases by orders of magnitude through the uvb range (Roy and Gies, 1989: 41), as Figure 4.1 shows.  Whilst longer wave uvb will ‘tan’ human skin, the shorter wavelength uvb can penetrate, and, if absorbed by cellular dna, may snap or tangle its bonds, creating the distorted messages that potentially induce cancer (Cagin and Dray, 1993: 324).

Therefore, a separate measure known as ‘effective uvb’ is a more reliable indication of its potential to effect change in biological systems (Roy and Gies, 1989: 42). 

4. 1. 4.
Maintaining The Stratospheric Ozone Layer

The ozone layer is maintained by the natural synthesis, disassociation and migration of ozone.  Ozone production is at its greatest at about 40 km altitude (Fraser, 1988: 10) and over the equatorial region where solar radiation is highest (Lothian, 1990: 2-3).  Unperturbed stratospheric ozone levels are higher in summer than winter, and peak during the middle of the day (Lothian, 1990: 3).  

While ozone moves throughout the world by global wind circulation and chlorine-catalysed ozone destruction occurs throughout the atmosphere, polar stratospheric clouds provide an enhancing catalytic effect, inducing an ‘ozone hole’ (Beckmann, 1991: 8).

Ozone (O3) is naturally synthesised when an oxygen molecule (O2) absorbs uvc radiation, and is split into two free oxygen atoms, which rapidly combine with O2 to form ozone.



O2 + uvc (180-240 nm) ------> O + O



O + O2 + M ------> O3 + M 


where M is any third molecule, typically N2 or O2..

O3 subsequently breaks down when it absorbs uvb radiation, forming an oxygen molecule and a free oxygen atom (Fraser, 1988: 9).

The natural catalytic destruction of ozone by oxides of nitrogen and hydrogen ensures a balance between synthesis and disassociation.  Chlorine and bromine in reactive forms can also catalyse ozone disassociation (Beder, 1992: 5), though in the absence of anthropogenic chemicals such as chlorofluorocarbons (cfcs) and halons, they occur in very low concentrations (Beckmann: 1991: 8). 



XO + O ------> X + O2










X + O3 -------> XO + O2 










where X is either Cl or Br.

Appendix B provides a detailed chemistry of ozone depletion, including the catalytic role of cfcs and halons.  

Despite simple chemistry, the factors controlling stratospheric ozone abundance are not well understood.  The most dramatic manifestation of this, known as the ‘ozone deficit problem’, is that current photochemical models systematically underestimate observed ozone abundances, casting doubt on our ability to predict future ozone trends (Eluszkiewicz and Allen, 1993: 1069).

4. 1. 5.
Evidence Of Stratospheric Ozone Depletion

Human induced depletion of stratospheric ozone beyond climactic norms is now considered proven (UNEP, 1989: 2, cited in Tsamenyi and Bedding: 1990: 3).  Significant global scale decreases in total ozone occurred between 1979 and 1989 (Madronich et al, 1991: 1), and current monthly total ozone column averages indicate that ozone declined to record low levels in 1992 (Halpert, 1993: 438).  Appendix C lists the total column ozone levels for the major Australian cities, providing a picture of the seasonal variation, and an indication of the decline of ozone levels over Australia.  The marked differences in these values are significant, given that a 1% decrease of ozone results in an approximately 2% rise in uvb (Beckmann, 1991: 9).

Long-term ozone depletion rates between 1979 and 1991 show the largest decreases in the southern hemisphere outside the Antarctic ozone hole as 8-10% per decade during winter and spring at 55°S (Herman et al, 1993: 12,783).  Ozone depletion rates in excess of 7% per decade occurred over populated areas south of 45°S, in southern Argentina and New Zealand. 

Similar decreases of 6 to 8% at 55°N occurred over populated areas during the northern winter and spring.  Little or no change was observed in to the equatorial band between 20°N and 20°S (Herman et al, 1993: 12,783). 

This year, southern hemisphere ozone levels have reached their lowest recorded levels, with the Antarctic ozone hole being almost 50% larger than the maximum value previously recorded in 1991 and 1987 (Halpert, 1992: 439).  The largest changes in ozone are predicted to occur in the year 2000 when stratospheric chlorine levels peak (Prather et al, 1991: 8-15).

Natural events, such as the Pinatubo eruption, and the El Niño/Southern Oscillation episode had major consequences on global climate in 1992.  While still falling, monthly average values of total ozone during the past several years have tended to level off compared to the very steep decreases of the early 1980’s (Halpert, 1993: 439). 

4. 1. 6.
Implications For Global Warming

Stratospheric ozone depletion increases the amount of incoming solar radiation and decreases the amount of downward infrared radiation reaching the earth’s surface, resulting in a net decrease in radiative forcing.  Therefore, while the amounts of greenhouse gases that cause the earth’s temperature to rise have been increasing, the expected temperature changes were partially offset by ozone depletion (Arnfield, 1991: 3).

4. 2.
Causes Of Ozone Depletion

Stratospheric ozone depletion stems primarily from an imbalance in ozone synthesis and disassociation, caused by the increased chlorine loading of the anthropogenic organochlorine and bromine chemicals, such as the cfcs and the halons (Fraser, 1988: 10).  In 1974, evidence linked the release of cfcs, halons and other chlorine based substances with the diminution of the stratospheric ozone layer (Birnie and Boyle: 1992: 388).  

No one had suspected such a possibility when General Motors developed cfcs in 1931 (Skjærseth, 1992: 295).  Unaware of their propensity to slowly migrate to the upper atmosphere and to act as catalysts in the disassociation of ozone into an ordinary oxygen molecule (Beder, 1992: 5), the inert nature of cfcs and halons led people to think they were completely safe and environmentally neutral for over forty years (Parson, 1993: 29).  

cfc use increased sharply after 1945, with world production having doubled roughly every five years until 1970 (Parson, 1993: 29).  By 1989, industrial countries accounted for 84% of cfc production, with the United States being the top producer, followed by Western European countries and Japan (Tyler-Miller, 1990: 501).  Although the United States remains the largest consumer of cfcs, Australia’s 1992 per capita consumption was the highest in the world (ABS, 1992a: 9).

As CFCs remain in the atmosphere for many years, the concentration of major halogenated source gases would continue to grow even if their consumption stopped today (IPCC: 1992b: 38).  Indicative of the complexities surrounding climate change, cfcs and their replacements, hcfcs and hfcs are also greenhouse gases.  hcfcs and hfcs are expected to contribute 4-10% of the total greenhouse warming at 2100 (Ko et al, 1993: 581).

4. 2. 1.
Atmospheric Chlorofluorocarbon Concentrations

Table 4. 2 indicates the rate of change of two common cfcs; cfc-11 and cfc-12, used extensively as refrigerants (Raj and Kernebone, 1993a: 7). 
Table 4. 2 
Changes In Atmospheric Chlorofluorocarbon Concentrations 
	             Era
	cfc-11a
	cfc-12a

	Pre-industrial  (1750-1800)
	0
	0

	Present day  (1990)
	280
	484

	Current annual rate of change 
	9.5  (4%)
	17  (4%)

	Atmospheric lifetime  (years)
	65
	130


Adapted from: International Panel on Climate Change, 1992a, Climate Change 1992, xvi.

a   Parts per trillion by volume.

cfcs and halons are produced for refrigerants, anaesthetics, aerosols, fire-fighting equipment and the manufacture of materials such as styrofoam (Beder, 1992: 5).  Other anthropogenic organochlorine chemicals that contribute significantly to levels of stratospheric chlorine are methylchloroform (CH3CCl3) and carbon tetrachloride (CCl4).  Both may remain in the atmosphere for many years, depending on the rate at which they are transported from the troposphere to the stratosphere, and the rate they are destroyed in the stratosphere (Fraser, 1988: 10).  Table 4. 3. details the relative ozone depleting effects of some of these compounds. 

The variety of categories in Table 4. 3. justify explanation. The inadequacy of ozone level predictions led to the less reliable measure of ‘ozone depletion potential’ (odp) being replaced by a measure known as its ‘chlorine loading potential’ (clp).  Describing a chemical’s capacity to reduce stratospheric ozone (Benedick, 1991a: 121-2), clp provides a more accurate indication of its ability to catalyse ozone disassociation.  

The chlorine loading methodology became critical to scientific reassessment in 1989, providing impetus for a more rapid phasing out these substances (Benedick, 1991a: 129).  It also enabled scenario modelling on powerful desktop computers, rather than the supercomputers otherwise required, allowing ozone scenarios to be considered more widely (Parson, 1993: 63).

Table: 4.3
Ozone Depleting And Related Substances 
	Substances
	Ozone Depleting Potential a
	Chlorine loading potential b
	Global warming potential c
	Airborne

Lifetime

(years)
	1986 

world consumption
	Current and potential uses d

	Substances Bound By The Montreal Protocol

	CFC-11
	   1 e
	   1 e
	   1 e
	60
	411
	A, PF, R, S

	CFC-12
	1
	1.5
	3
	120
	487
	A, AC, PF, R

	CFC-113
	0.8
	1.1
	1.4
	90
	182
	A, R, S

	CFC-114
	1
	1.8
	4
	200
	15
	A, PF, R

	CFC-115
	0.6
	2
	7.5
	400
	15
	A, R

	Halon 1211
	3
	0
	n.a. f
	25
	18
	FF

	Halon 1301
	10
	0
	n.a.
	110
	11
	FF

	Halon 2402
	6
	0
	n.a.
	n.a.
	1
	FF

	Other Substances

	Carbon tetrachloride
	1.1
	1
	0.3
	50
	1,116
	CF, P, S

	Methyl Chloroform
	0.15
	0.1
	0.02
	6
	609
	A, Ad, P, S

	HCFC 22
	0.05
	0.14
	0.4
	15
	140
	CF, P, S

	HCFC 123
	0.02
	0.02
	0.02
	2
	  n.y.p. g
	A, PF, R, S

	HCFC 124
	0.02
	0.04
	0.1
	7
	n.y.p.
	A, AC, PF, R

	HCFC 141a
	0.1
	0.1
	0.1
	10
	n.y.p.
	A, PF, R, S

	HCFC 141b
	0.06
	0.14
	0.4
	20
	n.y.p.
	A, AC, PF, R, S

	HFC 125
	0
	0
	0.6
	28
	n.y.p.
	R

	HFC 134a
	0
	0
	0.3
	16
	n.y.p.
	A, AC, PF, R

	HFC 143a
	0
	0
	0.7
	41
	n.y.p.
	R

	HFC 152a
	0
	0
	0.03
	2
	n.y.p.
	AC, R


Adapted from: Benedick, R. 1991, Ozone Diplomacy, pp. 16-17.

Key to table

a
The ozone depleting potential reflects the relative capacity of a chemical to reduce atmospheric ozone concentrations. 

b
The chlorine loading potential reflects the relative capacity of a chemical to increase atmospheric chlorine concentrations.

c
The global warming potential reflects a chemical effectiveness as a heat-trapping gas.

d
Abbreviations used:







A:
aerosols


P:
pesticides

AC:
air conditioning



PF:
plastic foams

Ad:
adhesives

R: 
refrigeration



CF:
chemical feedstock
S: 
solvents

FF: 
fire fighting

e
Ozone depleting potential, chlorine loading potential, and global warming potential are index numbers expressed in relation to CFC 11, which is arbitrarily given the value of 1.

f
n.a. = not applicable.





g
n.y.p. = not yet produced.

4. 3
Trends In Ambient uvb Increase

4. 3. 1.
Worldwide Trends 

Even though ambient radiation decreases rapidly with increasing solar zenith angle, with the maximum normally found in tropical latitudes, the minimum column ozone now occurs during the spring over the southern polar latitudes (Davies, 1993: 7251).  This means that trends in ambient uvb, rather than absolute values, are more informative indicators of induced biological change resulting from ozone depletion.

In the northern hemisphere, the annual dna damage weighted dose (one estimate of biologically active UV radiation) is estimated to have increased by 5% per decade at 30˚N and about 10% per decade in the polar region (Madronich et al, 1991: 1).  In the Southern hemisphere, trends indicate an increase of 5% per decade at 55˚S, 15% per decade at 55˚S and 40% per decade at 85˚S (Madronich et al: 1991: 1).  Madronich et al found no statistically significant trends in the equatorial region between 30˚S and 30˚N (Madronich et al: 1991: 1).

4. 3. 2.
Trends For Australia

Tables D. 1 to D. 14 in Appendix D provide projections of the effective solar uvb radiation levels (mw.m-2) and the respective percentage changes for Darwin, Brisbane, Perth, Sydney, Adelaide, Melbourne, and Hobart, calculated for stratospheric ozone depletion of 0%, 1%, 2.5%, 5%, or 10%.  Indicating a significant increase in the ambient uvb reaching Australia, Figures 4. 2 - 4. 15 represent these projections diagrammatically.

Figure   4. 2.
Effective uvb radiation (mw.m-2) in Darwin 


for a given ozone depletion

 EMBED "MSGraph" "Word Object1" \* mergeformat  


Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid month.  See Appendix D, Table D.1 for data.

Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 48.

Figure   4. 3.
Percentage change in effective uvb radiation in Darwin 


for a given ozone depletion

 EMBED "MSGraph" "Word Object1" \* mergeformat  



Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid month.  See Appendix D, Table D.2 for data.

Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 49.
Figure   4. 4.
Effective uvb radiation (mw.m-2) in Brisbane 


for a given ozone depletion

 EMBED "MSGraph" "Word Object4" \* mergeformat  

Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D, Table D.3 for data.

Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 50.
Figure   4. 5.
Percentage change in effective uvb radiation in Brisbane 


for a given ozone depletion
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Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D, Table D. 4 for data.

Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 50.

Figure   4. 6.
Effective uvb radiation (mw.m-2) in Perth 


for a given ozone depletion
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Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D, Table D. 5 for data.
Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 51.

Figure   4. 7.
Percentage change in effective uvb radiation in Perth 


for a given ozone depletion
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Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D, Table D. 6 for data.
Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 51.

Figure   4. 8.
Effective uvb radiation (mw.m-2) in Sydney 


for a given ozone depletion
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Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D, Table D. 7 for data.

Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 52.

Figure   4. 9.
Percentage change in effective uvb radiation in Sydney 


for a given ozone depletion
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Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D, Table D. 8 for data.
Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 52.

Figure   4. 10.
Effective uvb radiation (mw.m-2) in Adelaide 


for a given ozone depletion
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Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D, Table D. 9 for data.
Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 53.

Figure   4. 11.
Percentage change in effective uvb radiation in Adelaide 


for a given ozone depletion
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Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D, Table D. 10 for data.
Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 53.

Figure   4. 12.
Effective uvb radiation (mw.m-2) in Melbourne 


for a given ozone depletion
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Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D, Table D. 11 for data.
Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 54.

Figure   4. 13.
Percentage change in effective uvb radiation in Melbourne 


for a given ozone depletion
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Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D, Table D. 12 for data.
Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 54.

Figure   4. 14.
Effective uvb radiation (mw.m-2) in Hobart 


for a given ozone depletion
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Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D, Table D. 13 for data.
Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 55.

Figure   4. 15.
Percentage change in effective uvb radiation in Hobart 


for a given ozone depletion
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Percentage Ozone Depletion

Radiation is calculated for solar noon and approximately mid-month.  See Appendix D Table D.14 for data.

Source: NHMRC Working Party, 1989, Health Effects of Ozone Layer Depletion, 55.
4. 4.

Conclusion

There is no doubt that the decrease in total ozone will increase uvb radiation at ground level (Madronich et al, 1991: 1), and that this will damage human health (Longstreth, 1989: 67). 

Chapter Five considers the form that damage may assume.

CHAPTER FIVE


The Effects Of Increased Ultraviolet Radiation Exposure On Human Health

The effect on human health might be the most serious effect of global climate change.  This has only been realised in the last two or so years.
Professor Tony McMichael, 22/11/93, Radio National.

A reduction in the level of ozone in the earth’s atmosphere is a threat to human health (NHMRC, 1989: v).  The anticipated effects of increased uvb on human health include increased incidences of skin cancer, eye diseases such as cataract and pterygium, exposure to infectious diseases, and uv-induced immunosuppression (Longstreth et al, 1991: 16-21).

This chapter explains the human health effects of increased ultraviolet light, the increased incidences of those effects, and the uncertainty that surrounds their direct causal connection. 

5. 1 
The Effect On Skin Cancer Incidence
Skin cancer has long been associated with solar ultraviolet radiation exposure (NHMRC, 1989: v).  There are three major types of skin cancer; basal cell carcinoma (bcc), squamous cell carcinoma (scc) and melanoma.  bcc and scc are non-melanocytic skin cancers (nmsc) (NHMRC; 1989: v).  

5. 1. 1.
Aetiology Of Skin Cancer
The aetiology of skin cancer is not fully understood.  The only cause of melanoma known so far is exposure to sunlight (Beder, 1992: 7), though recent studies (Donawho and Kripke, 1991), (Romerdahl et al, 1989) indicate that uvr can play various roles in the aetiology of melanomas.  This may help to explain the seemingly ambiguous epidemiological information on uvr as a risk factor for melanomas, indicating that uvr can be an important co-factor in melanoma genesis (Longstreth et al, 1991: 20).

Similarly, there is almost general agreement that solar uvr exposure is the major cause of nmsc (Elwood et al, 1989: 523).  Cumulative exposure to uvb over many years is required for tumour development (Rivers, 1989: 213), and while damage occurs instantly, it may take decades before it results in illness (Cagin and Dray, 1993: 324).  

Although uvb exposure accounts for the majority of nmsc cases, other environmental factors such as exposure to other radiation sources, chemical substances, chronic inflammatory diseases and immunosuppressive states may increase the risk of developing nmsc (Rivers, 1989: 213). 

A 1991 study of melanoma death rates by cohort for fair skinned males and females in the USA between 1950 and 1984 found upward trends for men and women over 40 years old, and downward trends for younger cohorts (Scotto et al, 1991: 1).  Having assumed that lifestyles and uvr levels remain constant, the authors predict that the 2 to 3% increase in annual death rates since 1950 will discontinue (Scotto et al, 1991: 1), emphasising the need to incorporate cohort data and age-specific trend analysis in estimating the potential increases in melanoma and nmsc baseline data (Longstreth et al, 1991: 20).

Acknowledging these caveats and the identified trend for an increase in effective ambient uvb, as illustrated in Figures 4. 2 to 4. 15, the consequences for the Australian human population are examined below.

5. 2.
Skin Cancer Incidence In Australia

Current reported Australian skin cancer incidences provide mixed messages about the past and present impact of ozone depletion, requiring careful analysis. 

Australia has the highest incident of non-melanocytic skin cancer (Marks, 1989a: 70) and cutaneous malignant melanoma (cmm) (Giles, 1989: 82) of any population in the world.  More than 1,000 Australians die each year from skin cancer (ACT Cancer Society: 1993: 6).  

Table   5. 1

Reported Melanoma Deaths For ACT And Australia

	Year
	ACT (Males)
	ACT (Females)
	ACT (Total)
	Australia (Males)
	Australia (Females)
	Australia (Total)

	1992
	8
	3
	11
	527
	344
	871

	1991
	9
	5
	14
	513
	303
	815

	1990
	10
	7
	17
	516
	310
	826

	1989
	3
	3
	6
	487
	281
	768

	1988
	5
	3
	8
	490
	294
	784

	1987
	7
	7
	14
	505
	287
	792

	1986
	4
	7
	11
	417
	263
	680


Adapted from: ACT Cancer Society 1993, Media Release: 1993, National Skin Cancer Awareness Week 14-20 November 1993, 3.
Where there is already a high level of ultraviolet radiation and a very high rate of non-melanocytic cancer, as in Australia, a proportional increase in uvr is likely to be accompany a relatively greater proportional increase in skin cancers (Marks, 1989a: 70).  In fact, Australia was described to a US Senate Committee on ozone depletion as “nature’s experiment of taking a white, susceptible population and moving them to a tropical environment and then having them be outside all the time” (Cagin and Dray, 1993: 324).

5. 2. 1.
Trends In Reported Australian Skin Cancer Rates

nmsc mortality rates between 1930 and 1987 decreased by 10% in males and by 17% in females, while mortality form cutaneous malignant melanoma (cmm) increased annually by 22% in males and 17% in females (Giles et al, 1989: 143). 

While the Australian nmsc trend data over the last 20 years is not good (Marks, 1989a: 70), and no comprehensive national trend is available from registries that routinely collected nmsc data, a distinct pattern of increasing incidence with decreasing latitude has emerged (Giles et al, 1989: 143).  Global estimates across these registries showed annual increases in the age-adjusted cmm rate of 6.5% in males, and 4.4% in females (Giles et al, 1989: 143). 

Given these trends, and the observation that these mortality rates are part of a long term process antedating the widespread use of cfcs, this study concluded that there was no evidence that skin cancer incident rates were related to increases in ambient uvb caused by ozone layer depletion (Giles et al, 1989: 146). 

Similarly, a Norwegian study of the period from 1957 to 1984 found that the annual age-adjusted incidence rate of cmm increased in Norway by 350% for men and 440% for women (Moan and Dahlback, 1992: 916).  As the ambient uvr for that period was constant, and there was no decrease in ozone level detected in the same period, the study concluded that the striking increase in skin cancer rates in the same study period was attributable to reasons other than ozone depletion (Moan and Dahlback, 1992: 919).

This result is not unexpected.  As skin cancers typically take decades to develop, decreases in ozone would have been too recent to account for the rising trend in skin cancer during the 1970’s and 80’s (Benedick, 1991a: 21).  Nevertheless, given the predicted increases in uvb outlined in Chapter Four, and the relationship between skin cancer and increased uvr exposure, skin cancer incidences will rise in the future. 

5. 2. 2.
Augmentation Of Incidence By Increased uvb 

In 1989, the NHMRC determined that a 1% increase in effective uvr is likely to result in a 1.41% increase in the nmsc incidence rate of Victoria, a 1.8% increase in New South Wales, and a 2.36% increase in Queensland (Marks, 1989a: 70).  This equates to about 2,500 new cases of nmsc per year, of which ~2,000 will be BCC and ~500 SCC, resulting in an extra 4-6 deaths per year (Marks, 1989a: 70). 

In Tasmania, where the effects of ozone depletion are likely to be first observed (Giles, 1989: 147), the melanoma incidence rate doubled between 1978 and 1988 (Rivers, 1989: 213).

Current predictions estimate that by 2025 there may be a 15% increase in ultraviolet radiation, which could result in a 50-60% increase in nmsc (Beder, 1992: 6).  New cases of reported cancer in Australia are predicted to rise from 52,000 cases in 1985 to 78,000 cases in 2001, becoming the highest cause of death (Norman, 1993: 1).

5. 3.
Skin Cancer Incidences In Other Countries

The Norwegian study cited above, stated that, assuming people do not change their clothing and sun exposure habits, a 10% ozone depletion would lead to a 16-18% increase in the incidence of scc in men and women; a 19% increase in the incidence rate of cmm for men and a 32% increase in the incidence rate of cmm for women (Moan and Dahlback, 1992: 920). 

The USA Environmental Protection Authority made similar estimates.  Their 1983 estimates predicted that over 150 million new cases of skin cancer would occur in the United States among people currently alive or born by the year 2075, resulting in over 3 ±1.5 million deaths (USEPA, 1983: 47494, cited in Benedick, R., 1991a: 21).  Currently averaging 500,000 new cases of nmsc per year, this equates to an additional 11,500 cases per year (Longstreth et al, 1991: 19).

A 1989 study supported these estimates, suggesting a higher than expected rate of ozone depletion would offset the benefits of a reduction in CFC use resulting from the Montreal Protocol (Longstreth, 1989: 21).

5. 4.
Predicted Skin Cancer Incidence Worldwide 

Although a precise estimate of the increase in nmsc cases or melanoma deaths worldwide would be difficult to develop, a very conservative estimate has been made by assuming that; 

a)
The rate of ozone depletion stays constant for two to four decades; 

b)
The proportion of the population sensitive to UV stays constant at about 10%; and, 

c)
The USA incidence of nmsc of 232/100,000 and USA incidence of melanoma skin cancer of 9/100,00 is typical of the sensitive population worldwide.  

Given these assumptions, after three to four decades, a 10% decrease in ozone is expected to result in 300,000 additional nmsc and 4,500 additional melanomas worldwide (Longstreth et al, 1991: 19).

5. 5.

UV-Induced Ocular Damage

A 1983 US EPA report on the consequences of stratospheric ozone depletion projected that there may be 18 million additional eye cataract cases in the United States, many of which would induce blindness (USEPA, 1983: 47494, cited in Benedick, R., 1991a: 21). 
Excessive exposure to uvr causes damage to the lens, cornea, and retina of the eye (Longstreth et al, 1991: 15).  Clear human lenses would not be possible if the ozone layer did not absorb uvc, as highly energetic short wavelength radiation would cause cataracts (Hollows, 1989: 113).

uvb exposure and corticular and posterior cataract appear to be related to cumulative exposure, as both cumulative lifetime exposure and annual exposure are directly related to risk (Longstreth et al, 1991: 15).  A 1% decrease in stratospheric ozone is likely to cause an overall increase in cataract of 0.6 to 0.8% (UNEP, 1991a: 15).  The principle corneal damage linked to uv exposure is photokeratitis, which appears to be caused by acute uvb exposure (Longstreth et al, 1991: 15).

A dramatic demonstration of the potential effect of ozone depletion was provided when six people received retinal sunburn, a condition usually induced by staring at the sun.  They had been looking into the sky while sunbathing in New York on March 29 1987, a day when balmy weather was accompanied by an ‘ozone hole’ stretching from Michigan to New England (Cagin and Dray, 1993: 326).

5. 6. 1.
Situational Factors
An Australian study of more than 60,000 aborigines found an association between cataract incidence and uvr (Hollows and Moran, 1981: 1250).  

Table  5. 2
Variation of Cataract Prevalence With UV Dose In Rural Aborigines 

	UV Zone
	Age 0-39
	Age 40-59
	Age 60+

	Zone 1: At least 1,000 erythemal units
	0% (429)†
	1.7% (48)
	13.6% (22)

	Zone 2: Between 1,000 and 2,000 erythemal units
	0% (3762)
	2.6% (420)
	24.2% (149)

	Zone 3: Between 2,000 and 3,000 erythemal units
	0.1% (11198)
	3.8% (1412)
	30.5% (709)

	Zone 4: Between 3,000 and 4,000 erythemal units
	0.1% (11198)
	3.8% (1412)
	30.5% (709)

	Zone 5: Between 4,000 and 5,000 erythemal units
	0.2% (25918)
	5.1% (3672)
	29.8% (269)


†  The figures in brackets indicate reported incident rates arrived at from diagnosis.

Adapted from: Hollows, F., 1989: 114.
In contrast to a statement made to a US Senate Committee on Ozone Depletion that “the ultraviolet doesn’t discriminate as to colour or creed when it comes to the potential harm the sun can do to people’s eyes” (Cagin and Dray, 1993: 325), the prevalence of cataract in Australian rural aborigines is higher than for white Australians (Hollows and Moran, 1981: 1251)  The statement was accurate from an aetiological viewpoint, but in practice the life conditions of different groupings appear to discriminate.

5. 7.
Influence On Infectious Diseases
While increased uvb exposure is unlikely to result in an increased viral infection rate, it will encourage an increased severity or more rapid course of infection (Longstreth et al, 1991: 17).  Similarly, increases in human exposure to uvb radiation appear to show an exacerbation of herpes infections (Spruance, 1985: 366).  

5. 8.
uvb-Induced Immunosuppression In Humans

uvb induces immunosuppression in humans, which could lead to a greater incidence or severity of infectious diseases, including the viruses involved in herpes, papilloma, and acquired immune deficiency syndrome (IPCC, 1993: 39).  Speculation that people with dark pigmentation might not be at risk from uvb-induced immunosuppression has been proven wrong, indicating that all people are susceptible (Longstreth et al, 1993: 17).

Ultraviolet radiation also affects the immunological defences of the skin.  In tumour systems and with defined antigens such as herpes, uvr compromises the ability of the host to immunologically respond either locally after low doses, or systemically after higher doses (Baadsgaard, 1987: 113).

5. 9.
Influence Of Increased uvb On Salivary Gland Cancer

Co-associations between melanoma, lip cancer and salivary gland cancer suggest that increased uvb exposure may cause both lip cancer and salivary gland cancer (Longstreth, et al, 1991: 17).

5. 10.
Conclusion

While enough remains unknown that it cannot be predicted how changes in climate and pollutants will effect stratospheric ozone and how stratospheric ozone will affect climate and life (Brune and Stimpfle, 1993: 180), increases in uvb radiation resulting from stratospheric ozone depletion are likely to have a significant impact on human health, through an increase in melanoma and non-melanocytic skin cancers, increases in the incidence or severity of particular viral infections, and an increased incidence of ocular damage.  

CHAPTER SIX


Individual Responses To The Knowledge That Sunlight Causes Skin Cancer
Individual responses to environmental stress provide worthwhile information about the mechanisms of cultural adaptation.  This chapter looks at how individuals have responded to the knowledge that sunlight causes cancer, and whether ozone depletion has affected those behaviours.

6. 1. Social Influences On Sunlight Exposure Behaviour

The twentieth century epidemic of skin cancer is substantially due to a change in fashion that promotes the idea of a tan as a sign of wealth and beauty, and the parallel change in social mores that has made it desirable for fair-skinned people to expose large areas of their bodies while outdoors (Marks, 1989b: 211).

As the studies in Chapter Five attest, this has not gone unnoticed.  Nevertheless, despite studies of individual and social responses to this problem, the complexity of the issues involved make drawing conclusions very difficult.  

The many factors influencing behaviour related to health include self-exempting beliefs (Chapman et al, 1993: 215), risk perception (McCoy et al, 1992, 469), the problems of communicating preventive behaviours (Buller, 1991: 53), individual compensation strategies in sun protection behaviour (Robinson, 1992: 754), the degree of behavioural intervention (Girgis et al, 1993: 275) and fashion trends (Chapman et al, 1992: 1677).

These factors among others, make it impractical to attribute behavioural change as a result of any single influence, and suggest one reason why isolating one environmental variable, such as increased uvb from ozone depletion, is extremely problematic.  

Nevertheless, given the importance of successful cultural adaptation to sunlight exposure, drawing inferences from behavioural studies is an important element in constructing an overall picture of how we have responded to the knowledge that increased sunlight causes skin cancer, and whether ozone depletion has affected that process.  While visual evidence of sun protection behaviour, such as hat use at sporting events, is sometimes used, the  most commonly used method appears to be self-reporting behaviour surveys.

6. 2.
Behaviour Changes To The Risk Of Sunlight Exposure

The Victorian Anti-Cancer Council has carried out surveys to establish the efficacy of public health campaigns about skin cancer avoidance.  These provide self-reported data about individual risk aversion and the efficacy of translating specialist knowledge into community wide action.

Recognising that the exposure of the Australian population to uvb radiation appears to be voluntary (reflecting changing fashions and attitudes toward suntanning) (Giles et al, 1989: 146), public health efforts attempting to modify this have become common.

The launch of the 1980 Victorian Slip! Slop! Slap! campaign encouraged people to increase their protection from solar uvr.  Its message was ‘Slip on a shirt!, Slop on sunscreen! and Slap on a hat!’  The SunSmart campaign followed in 1988, which not only encouraged hat, clothing and sunscreen use, but activity scheduling, shade provision and shade seeking (Borland et al, 1990: 127).

While surveys assessing their efficacy did not consider the potential role of increased uv exposure from ozone depletion, their findings showed a high reported level of knowledge about skin protection behaviour.  Participants were asked, “To the best of your knowledge, what things can people do to protect their skin from harmful effects of the sun?” The results are tabulated in Appendix E; p. E-1.

The results of the survey indicated that awareness of sun protection was particularly high amongst the under 50s (Borland et al, 1990: 133), which contains the groups at highest risk of over exposure to the sun.  The awareness campaign appeared to be successful in stimulating increased sun protection, especially amongst those at risk who were previously under-protecting themselves (Borland et al, 1990: 133).  While self reporting need not correspond closely to actual behaviour, a 1990 study found that in this instance they had (Hill et al, 1990).

A 1991 ACT survey on the depth of understanding of sun protection (Haslem et al, 1991), while much less rigorous in nature than the Victorian surveys, also reported a high level of individual awareness of the need for, and effective means of, sun protection knowledge in the community.  See Appendix E; p. E-2 for survey details.

The high reported use of sunscreens is interesting.  An Australia wide survey of sunscreen use showed similar trends, with over 60% of respondents reporting using sunscreen when exposed to strong sun (ABS, 1991: 4).  Of that 60%, two out of three people reported using a sunscreen with a sun protection factor of 15 or 15+ (ABS, 1991: 5).

Given that the only direct proof that sunscreens help to prevent skin cancer was established as recently as this year (Associated Press, 1993: 3), this may demonstrate the role of expert opinion in creating norms, even though the validity of the suppositions supporting them remains uncertain.  The Victorian Anti-Cancer Council accepted this uncertainty, by modifying the messages provided by the Slip! Slop! Slap! campaign to increase emphasis on non-chemical means of protection in the SunSmart campaigns (Borland et al, 1990: 134). 

Noting that skin cancer control campaigns such as the Slip! Slop! Slap! and SunSmart influence societal norms (Borland et al, 1990: 135), the survey concluded that there was a high community awareness of the need to take precautions against overexposure to solar uvr, coupled with actual precautions being taken (Borland et al, 1990: 126).

6. 3.
Behaviour Changes In The Light Of Ozone Depletion
Qualified support for the claim that behaviour has changed as a result of knowledge about ozone depletion can be drawn from two other Anti-Cancer Council surveys carried out in 1989-90 and 1991-92.  

As part of a sequence of questions that helped to establish a person’s skin type, respondents were asked if they thought they needed to do more to protect themselves from the sun because of the hole in the ozone layer.  The results are tabulated in Appendix E, Table E. 3.

More than 50% of the respondents strongly agreed, with a further 27% mildly agreeing.  While there was no apparent trend according to age, those that reported that they were less likely to burn ordinarily, were less likely to provide a positive response.

While these surveys do not provide substantial grounds upon which to form a theory, these results point out something that is common sense.  People perceiving themselves as more susceptible to environmental harm, are more likely to take precautions in the light of an increased risk.

6. 4. 
Conclusion
While it is regrettable that significant ozone depletion has occurred and will continue to occur, human populations will need to develop everyday behaviours that protect them from its effects.  

The success of public health campaigns suggests that self-protective behaviour modifications can be encouraged, though the extent to which that occurs appears to be dependent upon the individual assessment of risk it poses.  While risk perception and self-protective behaviour are influenced by a number of factors, including a delay of possible consequences, and the influence of past harm on perceptions of future risk (Vaughan, 1993: 83), the Victorian experience suggests these do not necessarily militate against successful adaptation.  

Although drawing a firm conclusion is beyond the scope of these studies, it may be that behavioural adaptation to the presence increased uvb is an instance of antidotal adaptation, rather than of corrective adaptation that addresses the causes.

CHAPTER SEVEN



Cultural Responses To The Knowledge That Human Activity Is Causing Stratospheric Ozone Depletion 

The climate predicament is a clash of parallel trends with opposite effects: The increasing efforts at maximisation of yields from ecosystems, for human consumption, and the increasing potential for disruptive climatic change, generated as side effect of the maximisation effort.
Wolfgang Berger and Laurent Labeyrie, 1987, Abrupt Climate Change, 4.

Indications that human-induced stratospheric ozone could cause significant detrimental human health effects elicited some very interesting responses.  This chapter looks at those responses and the interaction of scientific, social, political, legal and economic factors that contributed to the reduction of ozone depleting substance use by the Montreal Protocol on Substances That Deplete the Ozone Layer.  

This protocol is extremely significant as it represents the first international agreement designed to cope with a truly ecological problem (Skjærseth, 1992: 294).  

While adaptive responses to stratospheric ozone depletion reflect many of the elements of uncertainty that accompany major environmental disputes, the significance of the Montreal Protocol was that it imposed substantial short-term economic costs to protect human health and the environment against predicted dangers that rested on scientific theories rather than on proven facts.  Unlike environmental agreements of the past, it was not a response to observed harmful events, but rather preventive action on a global scale (Benedick, 199b: 9).

To help understand the processes and influences that led to the signing of the Montreal Protocol, I have produced a chronology of the major events that contributed to the overall final response.  Appendix F provides a timeline of the major scientific, political, legal and social events concerning ozone depletion.

7. 1
Concern About Ozone Depletion

It was largely scientists that raised concern about ozone depletion and set its early agenda (Parson, 1993: 58).  The implications of ozone depletion first surfaced in an international arena at a 1972 U.N. Conference on the Human Environment preparatory meeting (Feldman, 1990: 37).  The meeting aired concerns about the possibility of an anthropogenic ozone depletion by supersonic transport (SST) (Feldman, 1990: 37).  

New research had proven that the release of nitrogen oxides from SST exhaust was a much greater threat to stratospheric ozone than earlier assumed (Johnston, 1971: 517).  Aggravating SST proponents, the USA National Cancer Institute calculated that 800 daily SST flights in the USA might not only result in as many as 103,000 additional adult cases of skin cancer each year, but that “skin cancer might well prove to be only one of the health effects of having tampered with the ozone layer, and not necessarily the worst” (Cagin and Dray, 1993: 164).

The effects of nuclear weapons testing, which released nitrogen oxides “equivalent to large numbers of fully operational Concordes flying ten hours every day of the year”, were also discussed (Goldsmith et al, 1973: 550).

Nevertheless, given the difficulty of achieving a scientific degree of certainty, let alone providing sufficient evidence for legal-bureaucratic change, the Stockholm Conference only recommended monitoring programs and increased scientific research (Birnie and Boyle, 1992: 392). 

7. 1. 1.
The Discovery That CFCs Deplete Stratospheric Ozone

Research published in 1973 indicated that chlorine released into the stratosphere from NASA rocket exhaust could catalyse a complicated chemical process capable of destroying ozone for several decades (Stolarski and Cicerone, 1974: 1610).  They did not consider this alarming however, given the small amounts of chlorine rocketry released in comparison to the size of the atmosphere (Benedick, 1991a: 10).

In the same year, Molina and Rowland published their discovery that chlorofluorocarbons (CFCs), unlike most gases, are neither chemically broken down nor easily rained out.  Rather, CFCs’ inert nature meant they were likely to persist for many decades, eventually being photodisassociated, and releasing large amounts of chlorine (Molina and Sherwood, 1974: 812).

While neither research group had anticipated finding a link between CFC release and stratospheric ozone depletion, their findings came as an environmental and economic bombshell, as millions of tonnes of CFCs were already migrating towards the stratosphere (Benedick, 1991a: 11).  The USA scientific community, which controlled about 80-90% of the world’s atmospheric science skills (Skjærseth, 1992: 300) responded by mounting a major research campaign (Benedick, 1991a: 11).  

7. 2.
A Decade Of Confusion And Concern

Risk estimates were frequently revised up and down in the following ten years (Parson, 1993: 28).  Global-average ozone depletion forecasts for the following 50 to 100 years varied between 3% and 15% (Skjærseth, 1992: 294).  A significant reason for this range of predictions was that efforts to reduce environmental uncertainty took place at the frontiers of science.  The ozone problem was extremely complex and not well understood, with research being based on computer modelling and on satellite and rocket based monitoring of remote gases measured in per parts trillion (Benedick, 1991a: 9).

Although laboratory and modelling studies had confirmed the validity of the chlorine-ozone depletion linkage, the large natural fluxes in ozone density compounded uncertainty that questioned whether these studies were able to prove conclusively that ozone depletion was occurring in the stratosphere (Benedick, 1991a: 11).

7. 2. 1.
Striking At Thin Air  


The transnational chemical industry responded with research and public relations vigorously denying any connection between ozone layer depletion and the increasing sales of CFCs (Dotto and Schiff, 1978: 150).  A Du Pont executive presented the industry position at a 1974 US Congressional hearing by claiming, “The chlorine-ozone hypothesis is, at this time, purely speculative with no concrete evidence … to support it.” (Benedick, 1991a: 12).  Arguing that the science was too speculative and uncertain to justify regulation (Parson, 1993: 34-5), Du Pont declared at a 1985 hearing that restrictions on CFCs “would cause tremendous economic dislocation” (Benedick, 1991a, 31).  

The main public relations success of industry was creating the impression that a scientific battle was raging over ozone depletion, with one of the few scientific proponents of the industry position labelling Rowland and Molina ‘doomsdayers’ (Cagin and Dray, 1993: 200-1).  

Claiming that Rowland and Molina’s views on ozone depletion ‘means that scientific arguments no longer count’ (Cagin and Dray, 1993: 200), James Lovelock, who authored the Gaia hypothesis, and had invented the instrument capable of measuring CFCs in the atmosphere, claimed ‘the presence of these compounds constitutes no conceivable hazard.’  Lovelock doubted that increased levels of uvr would lead to an increased skin cancer incidences, suggesting that excess tropospheric ozone was a more serious health hazard (Cagin and Dray, 1993: 200-201).

7. 2. 2.
International Cooperation

The focus of international activity about protecting the ozone layer revolved around the United Nations Environment Program (UNEP), the World Meteorological Organisation (WMO), and the World Health Organisation (WHO) (Tsamenyi and Bedding, 1990: 4).  

UNEP was active as early as 1975 in efforts to sensitise governments and public opinion towards the potential dangers from ozone depletion.  By making ozone a priority through funding of the WMO conference on the implications of existing research (Benedick, 1991a: 40), UNEP was able to provide the first official statement of international concern about CFCs (WHO: 1975: appendix). 

7. 2. 3.
Official Scepticism And Economic Interests 

Scepticism marked the official UK position from 1975 to 1988, perhaps fuelled by a 1974-75 USA-European controversy concerning the Concorde supersonic jet (Benedick, 1991a: 32).  The official statement that “it is difficult to establish a direct quantitative relationship between decreases in the ozone column and the incidence of skin cancer” allowed the UK Department of Environment to conclude that “there appears to be no need for precipitate action on this issue” (Benedick, 1991a: 39).  

The disinterest of the UK Parliament, media and environment groups was challenged by some US environmentalists, whose efficacy, some might say, could be measured by Her Majesty’s Government’s request of the US Department of State to restrain their activities (Benedick, 1991a: 39).

The export earnings from the sale of one third of its CFC production allowed companies such as the Imperial Chemical Company to influence UK government policy during this period (Benedick, 1991a: 39).  Furthermore, the competitiveness between ICI in the UK and Du Pont in the USA led UNEP’s Secretary General, Mostafa Tolba to later remark that the difficulties encountered in Montreal in 1987 had nothing to do with whether the environment was damaged or not, “It was all who was going to gain an edge over whom.  Whether Du Pont would have an advantage over the European companies or not” (Skjærseth, 1992: 298).

7. 2. 4.
Increasing International Action
UNEP established the Co-ordinating Committee on the Ozone Layer (CCOL) in 1977.  CCOL formed an important information bridge between governments, scientists, industry, universities and international agencies (Benedick, 1991a: 41), urging support for a ‘World Plan of Action’ to protect the ozone layer (Barratt-Brown: 1991: 523).  

In the same year, the USA banned the use of cfcs as aerosol propellants in non-essential applications (Skjærseth, 1992: 295), though an anti-reformer lobby group known as the ‘Alliance for Responsible CFC Policy’ launched in 1980 began a strong anti-regulatory campaign (Parson, 1993: 36).

In 1980, UNEP approved a non-binding resolution suggesting an unspecific reduction in cfcs (Benedick: 1991, 41), and in 1981 begun work towards negotiation of a treaty to protect the ozone layer (Birnie and Boyle: 1992: 404).  At the time, most governments perceived the framework convention as covering only co-operative research agreements rather than imposing international controls (Benedick: 1991: 41). 

The ‘Toronto Group’, Canada, Finland, Norway, Sweden and Switzerland, and later the USA, formed in 1983 and proposed a reduction in CFC emissions.  The Toronto Group proposal was designed to allow science to guide policy makers on the extent of additional controls that might prove necessary (Benedick: 1991: 43).  

7. 3.
Continuing Scientific Debate

Although the scientific community was unaware until some six years later, significant trends in ozone depletion had emerged during the late 1970’s (Benedick, 1991a: 19).  Nevertheless, uncertainty remained pervasive, with over thirty years of analysed measurements having shown no significant loss of ozone (Benedick, 1991a: 15).

The understanding of ozone depletion chemistry appeared to develop significantly during the early 1980’s.  New research suggested that carbon dioxide and methane, among other gases, might offset the catalytic effect of chlorine, and that nitrogen might accelerate both ozone’s synthesis and disassociation (Wuebbles et al, 1983: 1444).  

Casting doubt on the seriousness of the problem, this new research resulted in a perceived lack of urgency by some.  Nevertheless, a few prominent atmospheric scientists, particularly from Norway, remained convinced of the seriousness of ozone depletion through this period.  The Nordics, who continued to believe that ozone depletion represented a threat, were thwarted before 1982 by the lack of an authorised international body to consider controls, and again, after 1982, by other delegations’ perceptions that the Nordics did not understand the ‘current science’ (Parson, 1993: 58).

Understanding stratospheric ozone depletion became increasingly challenging.  The outputs of modern industrial society appeared to have more sting in them than had been anticipated.  The chemical interactions between nitrogen dioxide, carbon dioxide, CFCs and ozone meant that researchers had to examine the planet as a system of interrelated physical and chemical processes, which were in turn influenced by economic, political and social forces (WMO, 1986: 2).  This was in contrast to the long standing principles of reductionist analytical science, which had often aimed at increased certainty by isolating variables from their environment.

Following massive international co-operation involving approximately 150 scientists, the jointly published WMO/UNEP publication Stratospheric Ozone 1985 concluded that evidence “strongly indicates that man-made chlorine compounds are primarily responsible for the decrease in ozone.” (Skjærseth, 1992: 295).  

While the report stressed that uncertainty remained, they did represent an international scientific consensus that the problem was real, and that adverse effects on humans and the environment were anticipated if preventive measures were not taken (Skjærseth, 1992: 295).  The report also showed that atmospheric CFC concentrations had doubled between 1975 and 1985, which, given the stagnation in production during the same period, fuelled the worrying supposition that their concentration would expand even further in the future (Benedick, 1991a: 14).  

Unfortunately, the Working Group had been unable to agree on a control protocol, signing only a framework convention, the 1985 Vienna Convention (Barratt-Brown, 1991: 527).  Joining later that year, the USA proposed the development a separate protocol containing international regulations for adoption simultaneously with the framework convention (Benedick: 1991: 42).  

7. 3. 1.
The Discovery About Something Missing About Something Missing

Too late for inclusion in the WMO/UNEP report, British scientists published data recorded in Antarctica between September and November 1985, which indicated that ozone levels had fallen to about 50% of what they had been in the 1960’s (Benedick, 1991a: 18).

Significantly, it was later discovered that USA satellites had not previously signalled this critical trend because their computers were programmed, according to existing predictive models, to treat data in this range as anomalous (Benedick, 1991a: 19).

7. 4.
The 1985 Vienna Convention

Representative of 43 nations concluded agreement on the 1985 Vienna Convention for the Protection of the Ozone Layer (Benedick, 1991a: 44), which came into force in September 1988.  Dr. Tolba, Executive Director of UNEP, described it as the first global convention to “address an issue that for the time being seems far in the future and is of unknown proportions” (Smith: 1992, 331).

The Ozone Convention’s title indicated its concern with stratospheric ozone, rather than lower level tropospheric ozone.  Referring to Principle 21 of the 1972 Stockholm Declaration, parties bound themselves to take “appropriate measures … to protect human health and the environment against adverse effects resulting or likely to result from human activities which modify or are likely to modify the ozone layer” (Benedick, 1991a: 219).  
The Convention defined the ozone layer as a global unity, without reference to legal concepts of sovereignty, shared resources, or common property, suggesting the emergence of a new status for the ozone layer as part of a common resource or common interest (Birnie and Boyle, 1992: 391). 
7. 4. 1.
The Inherent Weakness Of The 1985 Convention

The Ozone Convention was a typical framework convention that did not include any specific controls but emphasised the need for information exchange and further systematic research and monitoring (Skjærseth, 1992: 294).  As such, it was largely an empty framework, requiring further action by the parties who were unable to agree on proposals for more specific control measures (Birnie and Boyle, 1992: 406). 

The USA, having acted earlier to limit domestic cfc production and consumption, sought an international control regime that would not disadvantage its progressive stance (Birnie and Boyle, 1992: 404), while some European countries resisted control on the grounds that harmful effects were unproven, and that the risks remained long term and speculative (Benedick, 1991a: 43).

A controversial 1986 analysis of satellite ozone measurements showing ozone depletion was as high as 4% led to the establishment of an international team of scientists known as the Ozone Trends Panel to review all available ozone measurements (Parson: 1993: 32)  

In contrast to earlier confusion and reversals, the science since 1985 consistently moved towards greater concern (Parson, 1993: 61).  The strong results meant the scientists were able to move beyond their agenda-setting role to substantially influence the negotiated decisions (Parson, 1993: 62). 

This increased the political pressures on the chemical industry, and in 1986 Du Pont announced that suitable CFC alternatives could be available within five years (Skjærseth, 1992: 296).

7. 4. 2.
Anti-reformer Sentiment Remained Strong

A correlation between cfc production, ozone depletion and deleterious health effect was difficult for some to perceive, particularly those favouring the libertarian attitude that skin cancer was a ‘self inflicted disease’ attributable to personal life-style preferences.  This supported the view that avoiding increased uvb from ozone depletion was the responsibility of the individual, not the government (Benedick, 1991a: 59-60).

Anti-reformer action in the US Reagan administration provided some amusing insights for those outside and embarrassment to those within (Parson, 1993: 44).  US Secretary of Commerce, Donald Hodel proposed a ‘common sense’ program of ‘personal protection’ as a preferred alternative to government regulation (Benedick, 1991a: 60).  His proposal was premise on the belief that we should ‘permit ozone depletion to continue and counter the resultant influx of ultraviolet radiation with broad-brimmed hats, suntan lotion and sunglasses’ (Ornstein and Ehrlich, 1989: 178).

US Senator Symms exemplified the simplistic anti-reformer stance in his statement that “if people are going to insist on going out and exposing themselves to excessive sunshine, there is a limit to what can be done in terms of government … to try to protect people from … skin cancers” (Benedick, 1991a: 62).

In response to similar anti-reformer backlash, Margaret Kripke, an eminent skin cancer expert, felt it necessary to refute the suggestion that the upward trend in skin cancer rates was partly attributable to a ‘purely voluntary’ movement of Americans southward to enjoy a more pleasant climate (Cagin and Dray, 1993: 323).  She did this by noting that the 1970’s economic depression in the northern manufacturing states augmented by high heating fuel prices, meant many people “moved because of economic necessity, rather than because they wanted to play golf year round.” (Benedick, 1991a: 60).

7. 5.
The 1987 Montreal Protocol

The 1987 Montreal Protocol On Substances That Deplete The Ozone Layer, signed by over 120 countries (CEPA, 1993: 1), set firm targets of up to 50% reductions for cfcs and halons by 1995 (IPCC: 1992b: 38).  See Appendix G, p. G-3 for details.

Bargaining between the EC’s proposed freeze and the USA’s 95% cuts determined these targets, not science (Parson, 1993: 60).  With scientific opinion strongly divided at the time, the 50% cut had no particular scientific prominence.  If stabilising atmospheric chlorine concentrations required reductions of approximately 85%, the 50% value was too low, while if the role of cfcs in inducing the Antarctic ozone hole is denied, was too much (Parson, 1993: 60).

7. 5. 1. 
Industry Reduces Opposition

By 1986, industry resistance had diminished greatly in the light of scientific evidence.  Du Pont’s alternatives research spending increased from $5 million in 1986, to $10 million in 1987 and $30 million in 1988 (Parson, 1993: 41).  Within four months of the Montreal negotiations, several hundred industry representatives met to exchange information and to stimulate research on CFC alternatives (Benedick, 1991a, 104).  Within one year, it was generally accepted that a 50% reduction of cfcs and halons was achievable relatively quickly and inexpensively (Skjærseth, 1992: 296).

In the same year, a US EPA report estimated that the benefits from controlling cfcs outweighed the anticipated costs of a ‘business as usual’ approach by a factor over 150 in most scenarios (Markandya, 1991: 64), largely attributable to the estimated $6.4 trillion saving from avoided early cancer deaths in the US population born before 2075 (Parson, 1993: 69).

Similar reports were published in Norway and Germany, supported by a subsequent 1989 UNEP economic panel report concluding that “…the monetary value of the benefits is undoubtedly much greater than the costs of cfc and halon reduction” (Skjærseth, 1992: 297).

7. 5. 2.
Strengthening The Montreal Protocol 

The Montreal Protocol was negotiated under the assumption that serious ozone depletion was decades away.  The 1988 Ozone Trends Panel report proved that this was wrong, suggesting that a hole in the ozone layer the size of Australia had developed over Antarctica (Barratt-Brown, 1991: 528).  They also reported northern hemisphere ozone losses between 1969 and 1986 of 2 to 3% in the summer and 3 to 6% in the winter.  Significantly, this was two to three times greater than the losses predicted by modelling (Parson, 1993: 33).

The standards set in the 1987 Montreal Protocol were found wanting.  The accelerating rate of industrial research, testing, and innovation during 1988 and 1989 considerably increased the options for replacing and conserving cfcs (Benedick, 1991a: 133).  This encouraged parties to declare at their first meeting after the Protocol came into force in January 1989 that they intended to phase out cfcs by the year 2000 (Skjærseth, 1992: 294), and halons as soon as possible (Parson, 1993: 47).

7. 5. 3. 
The 1990 London And 1992 Copenhagen Amendments 

Although not all participants in the 1990 London negotiations accepted that the science justified full phase-outs, those who did not were isolated and unable to block agreement.  The science panel’s report that even full cfc phase-outs would not restore the ozone hole before 2060 meant that serious opposition became impossible (Parson, 1993: 62).  Table 7. 1. details the changes agreed to in the 1990 London amendment, which came into force in Australia in November 1992.  The relevant annexes giving effect to the phase-outs are reproduced in Appendix G, pp. G-3 and G-4.

As Table 7. 1 shows, the London amendment dramatically accelerated the phase-out schedules, with the timetable for eliminating some prescribed substances being brought forward (Benedick, 1991a: 139), and adding other substances to the list (Benedick, 1991a: 190).  By 1990, the parties to the convention accounted for over 90% of estimated world production and consumption (Skjærseth, 1992: 294).

The 1992 Copenhagen amendment advanced many datelines established in 1987 and 1990, phased-out the transitional hydrofluorocarbons, added new controlled substances in accordance with Article 9, and commissioned a study of the effects of methyl bromide (Birnie and Boyle, 1992: 409).  

As of July 1993, most developed Parties were exceeding the required phase-out rates for controlled substances, with many CFC production facilities already closing (UNEP, 1993: 1-2), though there appeared to be a continued ‘lack of understanding in many developed nations of the process of the Montreal Protocol (UNEP, 1993: 1-3).

The protocol has generated further support amongst industrialised states, such as in Australia, where the Government has pledged to secure the phase-out of cfcs well ahead of the Montreal Protocol requirement (Birnie and Boyle, 1992: 411).  

The phase-out of controlled ozone depleting substances in Australia is enforced through the Ozone Protection Act 1989 (Cwth) and the Ozone Protection Amendment Act 1992 (Cwth) (Raj and Kernebone, 1993b: 3), and administered by a licensing system complemented by regulatory controls (DASETT, 1991: 2).

7. 5. 4.
Provisions For Less Developed Countries

As the industrialised countries consumed about 88% of all cfcs while having only 25% of the world’s population, some less developed countries felt that forgoing the benefits of cfcs, such as refrigeration, while paying the human and environmental price for ozone depletion was unfair (Skjærseth, 1992: 298)  Because this, and partly to encourage ratification by India and China, the London Amendments incorporated special provisions permitting developing countries to delay compliance with the requirements (Tsamenyi and Bedding, 1990: 5), and the establishment of a fund to facilitate conversion to alternative substances and technologies through technical co-operation and technology transfer (Birnie and Boyle, 1992: 407). 

Table  7.1
Summary of the 1987 Montreal Protocol 


and Its 1990 London and 1992 Copenhagen Amendments

	Control Measures

	Ozone Depleting

Substances
	Montreal Protocol

1987 a
	London Amendment
1990  a, b
	Copenhagen Amendment 
1992 c 

	CFC-11

CFC-12

CFC-113

CFC-114

CFC-115
	• Freeze at 1986 levels by 1989

• Reduce by 20% by 1/7/1993

• Reduce by a further 30% by 1/7/1998
	• Reduce to 50% of 1986 levels by 1995

• Reduce to 15% by 1997

• Total phase-out by 2000 
	• Reduce to 25% of 1986 levels by 1995

• Total phase-out by 2000 

	Halon 1211

Halon 1301

Halon 2402
	• Freeze at 1986 levels by 1992
	• Reduce to 50% of 1986 levels by 1995

• Total phase-out by 2000 
	• Total phase-out by 1994 (recycling encouraged)

	Other CFCs
	• Not included
	• Reduce to 80% of 1989 levels by 1995

• Reduce to 15% by 1997

• Total phase-out by 2000 
	• Reduce to 80% of 1989 levels by 1993

• Reduce to 25% of 1989 levels by 1994

• Total phase-out by 1996

	CCl4  


	• Not included
	• Reduce to 15% of 1989 levels by 1995

• Total phase-out by 2000 
	• Reduce to 15% of 1989 levels by 1993

• Total phase-out by 1996

	CH3CCl3  


	• Not included 
	• Freeze at 1989 levels

• Reduce to 70% by 1995

• Reduce to 30% by 1995

• Total phase-out by 2005
	• Reduce to 50% of 1989 levels by 1994

• Total phase-out by 1996

	HCFCs
	• Not included
	• Not included;               For review in 1992
	• Freeze by 1996 d

• Reduce to 65% by 2004

• Reduce to 35% by 2010

• Reduce to 10% by 2015

• Reduce to 0.5% by 2020

• Total phase-out by 2030

	HBFCs
	• Not included
	• Not included
	• Total phase-out by 1996

	CH3Br 

  
	• Not included
	• Not included
	• Freeze by 1995 (91 level)

• Further study requested

• Decisions on cuts in 1995


Adapted from: ANZECC, 1993 Strategy for Ozone Protection in Australia, 8.
Key to table

a
A ten year grace period is allowed for developing nations provided their annual consumption is less than 0.3 kg per capita.

b
Agreement was reached to set up a temporary special fund to provide financial and technical assistance to developing nations to enable them to comply with the Protocol.

c
The special fund was made permanent, whilst the application of the 10 year grace period for developing nations by the Copenhagen revisions will be reviewed in 1995.

d
Based on 1989 HCFC consumption with an extra allowance (ODP weighted) equal  to 3.1% of 1989 CFC consumption.
e
Quarantine and pre-shipment treatment is exempt.

7. 5. 5. 
Has The Montreal Protocol Reduced Ozone Layer Depletion?
There is clear evidence of a significant reduction in European source strengths for CFC-11 and CFC-12 consistent with emission estimates based upon implementation of Annex A of the 1987 Protocol (Simmonds et al, 1993: 1397).  (See Appendix G; Table G. 1.)

Suggesting the reduction resulted from regulation, rather than reduced industrial output, the study provided no evidence of a similar phase-out in the European use of methyl chloroform (C2H3Cl3) and CFC-113 (CF3Cl) during the same period (Simmonds et al, 1993: 1397).

Despite methyl chloroform contributing 16-17% of the total chlorine loading attributable to industrial activity (Benedick, 1991a: 121) and CFC-113 contributing approximately 4%, clear evidence of their effect was unavailable until 1989 (Benedick, 1991a: 120-21).  Both were subsequently phased out by the 1990 amendments.

7. 5. 6.
Physical Effects Of The Amended Montreal Protocol
Scientific assessments demonstrated that, in its 1987 form, the Montreal Protocol would not have halted an accelerating level of chlorine loading in the stratosphere.  The more comprehensive 1990 revisions were predicted to result in a gradually diminishing level after the year 2000, with no return to 1985 levels until at least 2040 (Birnie and Boyle, 1992: 411).

Following the 1992 Copenhagen amendment, stratospheric chlorine is predicted to increase by 0.6 to 0.7 ppb over the next fourteen years, representing an additional ozone depletion of 60 to 70% of that occurring between 1980 and 1990.  Assuming that a 1 ppb chlorine gain will induce a 2% ozone loss, this equates to depletion ranging from 0.7% in Darwin, to 2.8% in Hobart. (Beckmann, 1991: 10).  

Subject to successful implementation of the 1992 Copenhagen amendment, atmospheric chlorine levels are likely to fall below 2.5 ppb around 2030, resulting in the ozone hole’s disappearance (ANZECC, 1993: 11).

7. 6.
The Influence Of Uncertainty

Despite providing dramatic evidence of ozone depletion, the ozone hole did not provide any clear signal for policy makers, as its recovery after each springtime collapse cast doubt on its relevance to the stratosphere elsewhere (Benedick, 1991a: 19).  Significantly, Antarctica was never discussed at the negotiations, though it did attract public attention and so in some instances, may have encouraged ‘recalcitrant’ governments to participate (Benedick, 1991a: 20).

Nevertheless, once the Protocol was established, Article 6 allowed for the periodic review of the scientific, environmental, technical and economic assessments to respond to uncertainty (Skjærseth, 1992: 300).  This enabled precautionary and ameliorative action to be taken before all the evidence was available.

7. 7.
Conclusion

Thirteen years for the world to agree to shut down a major industry might even be viewed, given the normal pace of international diplomacy, as breathtakingly fast.  But by 1987, surely, there was not another year to spare.  From that time forward, every ozone-depleting molecule produced by man was nothing less than a sign of wilful neglect, or indifference, to the fate of the earth. 

Seth Cagin and Philip Dray, 1993, Between Earth and Sky, 354.

The Montreal Protocol is widely praised as a model for future environmental agreements.  Compared with earlier attempts at international environmental cooperation, it was unprecedented, and certainly achieved more than national measures would have provide alone (Parson, 1993: 71).  Nevertheless, given the potential seriousness of consequences of ozone depletion, the Montreal Protocol probably represents the right measures taken too late.  From the perspective of 1992, what was done in 1987 should have been done several years earlier (Parson, 1993: 72).
CHAPTER EIGHT



The Implications Of Uncertainty About Climate Change 

The threat to the ozone layer was considered an unusual phenomenon, in that it could affect the health of every individual in every country, whether developed or developing (UNEP, 1987: 33).  Our increasing awareness of the problems associated with climate change and its impact, although more complex than the ozone issue, is allowing us to recognise that they share similar attributes (Benedick, 1991b: 9).

Stratospheric ozone depletion demonstrated that modern industrial economies can alter delicate natural balances (Benedick, 1991a: 199).  As Appendix H details, climate change poses a similar threat, but of greater magnitude.  It involves more factors, more wide-ranging and uncertain consequences, and more economically painful choices (Benedick, 1991a: 200).

The 1992 Framework Convention on Climate Change focuses on the need to limit the growth of atmospheric trace gases. (See Appendix G, p. G-4).  Signed at the United Nations Conference on Environment and Development and ratified by the Australian Government in December 1992 (Diesendorf, 1993: 2), the convention aims at: 

The stabilisation of greenhouse gas concentrations in the atmosphere that would prevent dangerous anthropogenic interference with the climate system … within a timeframe sufficient to allow ecosystems to adapt naturally to climate change, to ensure that food production is not threatened and to enable economic development to proceed in a sustainable manner (United Nations: 1992).

While the convention is an obvious advance in international cooperation, the impact of climate change and the adaptive responses needed to respond to them have received much less attention (Cohen, 1993: 2).

8. 1.
Climate Change And Climate Impact

The difference between climate change and climate impact deserve explanation, as the rationale for their different emphases underscore a significant message about the way we are adapting to the potential for climate change.  I have described the physical changes in climate, known as climate change, then detailed some of the complexities involved in the effects of climate change, known as climate impact.  

Climate change studies and climate impact studies have different backgrounds and approaches.  Climate change study is often done by atmospheric scientists and oceanographers using computer modelling, while climate impact researchers include physical, biological and social scientists who usually examine smaller scales of time and space (Cohen, 1993: 4).  Climate change typically concerns the physical characteristics of the climatic system, while climate impact focuses on linkages between climate and various other systems, such as human health, water resources, agriculture and regional economies that may be climate sensitive (Cohen, 1993: 4).  

8. 2.
Climate Change Predictions

Climate change predictions are produced largely from general circulation model simulations (GCM), which rely heavily on data analysis by supercomputers to produce climate change scenarios.  The IPCC Scientific Assessments are compiled this way (Cohen, 1993: 3).

The IPCC Impacts Assessments have concluded that uncertainties exist in our knowledge of the environmental impacts and socioeconomic consequences of climate change, particularly at the regional level and in the most vulnerable areas (IPCC, 1993: 12).  Appendix H provides a summary of the IPCC assumptions and predictions.

8. 2. 1.
How Uncertainty Effects Climate Change Predictions

The IPCC has sought to use a quantitative approach in its assessment of climate change (Houghton, 1993: 45).  Nevertheless, present programs for systematic observations of the atmosphere, land surfaces and oceans, as detailed in Appendix A, provide insufficient data to identify the environmental impacts and socioeconomic consequences (IPCC, 1993: 13).  Claiming that these uncertainties relate to a lack of data and information at the regional level, the IPCC suggests that ‘national, regional and international efforts directed at initiating and maintaining integrated systematic observation programs for terrestrial and marine (managed and unmanaged) ecosystems are required’ (IPCC, 1993: 12).  

This information is essential to improving our adaptive response to climate change, but we should not be misled into thinking that it will provide certainty.  While increased accurate data certainly can contribute to improved decision making, all that science can do is infer the most appropriate conclusion that is practicably possible from the evidence (Crawford-Brown and Pearce, 1989: 166).  Increased certainty does not ensure correctness.  

Science relies upon interpretations, judgements and commitments by specific persons and groups (McDonell, 1993: 2), therefore, significant degrees of uncertainty, indeterminacy and ignorance about ecological systems and our human interaction with them, will inevitably allow different conclusions to be drawn from the same data.

The implications of uncertainty about climate change are increasingly being recognised as important, though adapting to new methodologies has proved more difficult.  The 1992 IPCC report provides an excellent example (IPCC, 1992b: 5):

We now recognise there is an increased uncertainty in the calculation of Global Warming Potentials, particularly in the indirect components and, whilst indirect Global Warming Potentials are likely to be significant for some gases, the numerical estimates in the Supplementary Report are limited to direct Global Warming Potentials. (My italics)

Therefore, despite acknowledging the potential synergistic effects inherent in environmental change, methodologies reflecting this are still to be incorporated in some instances.  Large areas of uncertainty, indeterminacy and ignorance remain, including the future rate of fossil fuel use, the partitioning of excess CO2 by the oceans, the atmosphere, and biota; and the potential for increased cloud cover and changes in cloud types and heights that govern the earth’s albedo (Landsberg, 1992: 88). 

Requiring scientific certainty to justify action concerning climate change induces two dilemmas.  Delays in action that do not mitigate against global warming may lead to irreversible damage, and secondly, delayed action will mean higher costs for future generations (Simonis, 1993a: 11).

8. 3.
Climate Impact

Climate impact is concerned with the effects of climate change.  A new field of study has emerged called ‘climate impact assessment’ which uses climate projections as scenarios to serve as inputs to another set of methodologies for which there are other uncertainties and constraints (Cohen, 1993: 3).  Climate impact assessment grew from studies of natural hazards, climate and history (Cohen, 1993: 4).  While climate change research and climate impact assessment have always been subject to serious scientific criticism, particularly regarding their uncertainties in methodology and input data, the last few years have seen that criticism intensify in what has been called a period of ‘global warming bashing’ (Cohen, 1993: 4).  

This criticism, which assumes the uncertainty about climate is a justification for postponing or avoiding action is often more accurately a political debate based on normative assumptions about economic behaviour, between those who support limitations of greenhouse gas build-up and those opposed. 

8. 4.
Industry Opposition To ‘No Regrets’ Measures

Diesendorf has examined the power that business interests, especially the producers and consumers of large quantities of energy from fossil fuels, can wield in encouraging a ‘business as usual’ approach to issues of environmental and economic conflict (Diesendorf, 1993).   

Stabilising carbon dioxide levels in the atmosphere would require a 60% reduction in annual emissions, which is unlikely to be achieved by energy efficiency alone (Diesendorf and Kinrade, 1992: 1).  It will probably require substantial substitution of coal-fired electric power stations by a combination of renewable sources and the replacement of a significant proportion of motor vehicle use with improved public transport (Diesendorf, 1993: 2).

The Ecologically Sustainable Development (ESD) process had sought to encourage precautionary conservation measures according to the principle that ‘the shortcomings of our knowledge need not inhibit the … initiation of ‘no regrets’ and limited ‘insurance measures’ (ESD, 1992b: 39).  According to Diesendorf, ‘This was clearly too threatening to industry interests, both within the government and in the private sector’ (Diesendorf, 1993: 2).

Despite the possibility of ‘no regrets’ actions to reduce greenhouse gas emissions, industries with vested interests in the production and/or use of fossil fuels mounted a massive media campaign.  The campaign was based on the claim that the interim target of reducing CO2 emissions to 20% below the 1988 level by the year 2005 (Diesendorf and Kinrade, 1992: 1) would be achieved only “at great expense” (Diesendorf and Kinrade, 1992: 6).  This was despite the conclusion of the consultants to the ESD Energy Use Working Group that stabilisation of Australia’s CO2 emissions by end-use energy efficiency could produce benefits of $3.3 billion to the year 2005 (Diesendorf and Kinrade, 1992: i), while the 20% reduction target may be achievable at no net cost (Diesendorf and Kinrade, 1992: 8).

Some business interests have invoked the ‘precautionary principle’ by calling for a delay in the transition to a more ecologically sustainable energy system by arguing that a radical change to our energy production, consumption and trading would require a significant decline in the sales of coal and oil, which they claim would risk damaging the national economy (Diesendorf, 1993: 3).  

Clearly, uncertainty about the consequences of human interaction with the environment can be construed in many ways and to suit many purposes.  Given the high degree of uncertainty, indeterminacy and ignorance in studies of climate change and climate impact, the role of normative assumptions can greatly influence the perspective finally adopted by the individual or organisation.  

However, ecological imperatives require that the precautionary principle should not be used to justify inaction.  As demonstrated earlier, despite complexity and uncertainty being pervasive in many environmental controversies, not least the human health effects of stratospheric ozone depletion, measures such as the Montreal Protocol show that we are capable of acting with caution. 

8. 5.

Conclusion

This limited review of climate change and its impact shows that the magnitude of change is enormous yet uncertain and imprecise.  As it may be a decade before a global warming signal can be clearly detected (IPCC, 1992a: 5), failure to adopt a ‘no regrets’ policy is clearly a great risk.  We have to decide whether to accept that risk and its possible consequences.

CHAPTER NINE



The Limits Of Analytical Science 

And Its Relevance To Climate Change 

We can see that when scientific knowledge is deployed in the public domain, the social judgments of a relatively private research community which creates closure and ‘natural validation’ around particular constructions of specialty scientific knowledge, need to be reopened (deconstructed) and renegotiated in a wider social circle, possibly one involving different epistemological commitments and expectations, and correspondingly different boundaries between nature and culture, or (objective) determinism and (human) responsibility
Brian Wynne, 1992, Uncertainty and environmental learning, 126-7.
Why have we been so much slower to respond to the threat of climate change?  Inertia, and outright opposition to anything other than a ‘business as usual’ scenario as described in the previous chapter, have obvious appeal.  They do not require change.  Mostafa Tolba referred to those elements in his criticism of anti-reformer groups opposing CFC phase-outs, by saying, 

No longer can those who oppose action to regulate CFC release hide behind scientific dissent.  I might add that line was always a charade.  Scientific debate and disagreement has always - and always will be - a normal part of the quest for knowledge (Cagin and Dray, 1993: 329).

While the Montreal experience suggests that anti-reform sentiment about significant environmental issues can be overcome, the factors influencing a lack of adaptive response to climate change represent a far more complex and uncertain picture.

9. 1.
Decision Making Amidst Climate Change Controversy

Having briefly considered the socio-economic motivations driving some anti-reform sentiment towards CFC reductions and ‘no regrets’ greenhouse gas targets, I wish to consider some of their justifications.  These invariably emanate from the claim that scientific uncertainty requires that no action be taken.  

In particular, I wish to examine the emphasis we place upon notions of proof in analytical science, and the prospects and practicalities for an expanded use of the precautionary principle that may arise from recognising scientific methodology’s limitations.

Despite the obvious fact that, in the absence of abatement of pollution, climate change will inevitably occur, this is not reflected in action.  The Australian ESD experience has demonstrated that ‘the intention to deal cautiously with risk and irreversibility’ can be interpreted variously (Dovers and Handmer, 1992: 275).  What does justify taking precautionary action in relation to climate change?  Continued debate about uncertainty in the absence of action amounts to accepting the risk of the consequences of climate change.  Because those risks represent unprecedented consequences, we should not accept them.  

9. 2.
Scientific Methodology And Uncertainty

Two areas are problematic in our use of science for interpreting the world.  The first derives from its methodological limitations, and the second from problems in translating scientific findings into policy.

Scientific practice has responded to its methodological limitations in two ways.  The first approach is characterised by reductionism and a lack of special treatment of complexity.  By exogenising variables, reductionist studies aim to apply formal scientific method more strictly, on the basis that this will provide more accurate information (Wynne, 1992: 115).  Appendix K provides an example of this approach as outlined in a 1993 review of the potential health effects of particular pesticides (Miller, 1993).  While pesticide exposure describes a more direct instance of human-induced health effects than climate change, it illustrates how analytical scientific frameworks can erroneously increase uncertainty (Wynne and Mayer, 1993: 33).

A second approach within the traditional paradigm, characteristic of early risk assessment methodology (Wynne, 1992: 113), is to explicitly acknowledge the presence and influence of uncertainty.  An example is provided below.

9. 2. 1.
Incorporating Uncertainty Into Scientific Method

The USA National Academy of Sciences (NAS) carried out a series of stratospheric ozone depletion studies between 1975 and 1982 (Granger Morgan and Henrion, 1992: 11).  While all the studies adopted a largely qualitative approach to the potential human health effects, the 1976 study attempted to define the uncertainties associated with the reaction rates believed most critical in controlling ozone concentrations.  Commenting on the 1976 report, the 1979 report noted that:

No attempt was made to estimate systematic errors in evaluating rates or omissions of chemical process.  Without such estimates, decision makers are free to make their own judgements from uncritical acceptance of the current models to complete scepticism as to their having any likelihood of being correct (NAS, 1979a, cited in Granger Morgan and Henrion, 1992: 12).

Subjecting the 1977 data to a variety of complex analyses, the 1977 report sought to reduce uncertainty, concluding that:

Our best estimate of ozone depletion at steady state and for sustained 1977 emission rates is 16.5%.  There is a quantifiable uncertainty due to known uncertainties in reaction rate of about ±8%.  We obtain a total uncertainty of ±11.5% (NAS, 1979b, cited in Granger Morgan and Henrion, 1992: 12).

By dealing with the uncertainty as an integral element of the study, the committee was able to report that they were “quite confident (19 chances in 20) that it would lie between 5 and 28%” and that there is 1 chance in 40 that ozone depletion will be less than 5% and 1 chance in 40 that it will be greater than 28%” (NAS, 1979a, cited in Granger Morgan and Henrion, 1992: 13).

This quantification of uncertainty was not welcomed unanimously, however.  The 1982 report stated that:

Those of us unwilling to offer quantitative estimates of uncertainty hold the conviction that no rigorous scientific basis exists for such statements.  We are concerned by the implications of the discrepancies noted earlier.  These discrepancies should be resolved in the next few years by orderly application of the scientific method with appropriate interaction between theory and observation (NAS, 1982, cited in Granger Morgan and Henrion, 1992: 12).

As this example shows, the conventional view is that scientific knowledge and method embrace uncertainties and pursue them.  More accurately described, scientific knowledge gives prominence to a restricted agenda of defined uncertainties, by excluding a range of other uncertainties (Wynne, 1992: 115).  When those uncertainties arise from complex systems the risks associated with them are significant.  As the following example shows, failing to acknowledge those risks can lead to projects that have the potential to prove very expensive, both economically and environmentally.

9. 2. 2.
The Proposed Take-Off Of An Old Problem

Despite the uncertainties associated with the health consequences of ozone depletion and climate change, some sectors of society still appear to be willing to take those risks.  The attempt to resurrect commercial supersonic transport is interesting for this reason.

Until recently, models of the effects on ozone of SST emissions were similar to those of CFCs (See Appendix B).  Emphasis is now shifting to more complex atmospheric chemistry models that include the impact of particulate soot and condensable gases such as sulphate aerosols (Patel, 1993: 35).  Nitrogen oxides, produced in large quantities in SST exhaust, react rapidly with sulphate aerosols to produce nitric acid and water vapour, which may lead to the formation of nitric acid trihydrate, potentially triggering ozone depletion through reactions with chlorine (Patel, 1993: 35).

NASA has relieved the American aerospace industry of most of the cost of the basic research for developing a clean supersonic airliner (Patel, 1993: 35).  A NASA consultant claims that most of the uncertainty surrounding SST’s environmental effects ‘will be cleared up within two years’ (Patel, 1993: 36).  Despite an estimated development cost of $15 billion, he also notes that;

If ever a fleet of supersonic jets causes a crisis in ozone levels, the aeroplanes could simply be grounded. Everything would be back to normal within one year whereas the effects of CFCs will be around for 50 to 100 years.

Furthermore, in response to the uncertainties surrounding the effects of ozone depletion, he said;

Ultimately the question will be what is acceptable ozone depletion … That is for policy makers to decide.  It is dangerous for scientists to start addressing this issue (Patel: 1993: 36).

It is clear, that despite the risks of ozone depletion to human health, some sectors of society, perhaps those less exposed to its vagaries, and more likely to profit, are willing to accept that risk. 

9. 3.
Uncertainty In The Translation Of Science Into Policy

Where the environment is at risk, there is no clear cut boundary between science and policy.

Brian Wynne and Sue Mayer, 1993, How science fails the environment, 33.

While uncertainties in and around scientific models are seen as a scientific matter, it is a process ‘riddled with social and political implications’ requiring wider debate (Wynne and Mayer, 1993: 33).

Scientific understanding of global environmental risks is generally sufficient to form contingencies, but not sufficient to provide definitive portrayals of cause and effect (Godard, 1992: 240).  This discrepancy has created controversy over how scientific uncertainty should be recognised and interpreted in policy making (Wynne and Mayer, 1993: 33).  

Global environmental risks belong to a class of issues that lead to decision making that is made outside the bounds traditionally considered as rational (Skjærseth, 1992: 249).  This has arisen because rational decision making is customarily based on varying degrees of particular forms of certainty associated with the notion of proof (Cameron, 1993: 1).  

While the notion of proof is an extremely useful criterion for making decisions, where significant uncertainties surround an environmental issue, it can be used to justify the status quo.  As discussed in s. 7. 2. 1., industry use of scientific uncertainty to justify opposition to cfc phase-out provides a good example.

The crux of the dispute as to whether science is the most reliable source of authority for directing cultural adaptation to environmental change rests upon the extent conventional science can and should deal with the characteristically high levels of uncertainty and indeterminacy they embody.  The more radical and increasingly accepted view is identified by the moral concerns of the precautionary principle. 
9. 3. 1.
The Role Of The Precautionary Principle In Adapting To Climate Change
The subtle but deep indeterminacies which pervade the constitution of scientific knowledge have a large, but ill defined domain for which society has responsibility to exercise human values and negotiate moral identities, but which has been unconditionally abandoned to the implicit (reductionist and instrumentalist) epistemic commitments of science.
Brian Wynne, 1992, Uncertainty and Environmental Learning, 127.

The precautionary principle accepts that always achieving full scientific knowledge is unlikely, and in doing so, removes the conceptual barrier to action caused by our ignorance of nature (Cameron, 1993: 1).  Put simply, the precautionary principle says that as science may be incapable of providing all the necessary information for rational evaluation answers, it is better to act with caution.

By explicitly noting the limits of scientific determination, the precautionary principle provides impetus for the legitimation of a public political determination of controversial environmental issues (Cameron, 1993: 12).  

The intention of the precautionary principle can be distilled into four main elements (Dovers and Handmer, 1993: 3):

•  that uncertainty is unavoidable in sustainability issues;

•  that uncertainty as to the severity of environmental impacts resulting from human activity should not justify avoiding or delaying environmental protection measures;

•  that a preventative approach to harm, rather than reaction to damage should be emphasised; and,

•  that the onus of proof should move towards those proposing an action that might induce harm.

The value of the precautionary approach is not that it presents a new methodology for science to provide better answers to environmental problems or to reduce uncertainty.  It is that it provides the philosophical authority upon which to take decisions in the face of such uncertainty (Cameron, 1993: 1).  This will not only mean that needed actions are more likely to be identified, but the necessity to act will be encouraged by an increased public involvement in the process.

The precautionary principle does not offer anything new conceptually, as it precepts have been the basis of environmentalist’s arguments for some time.  What is significant is that the precautionary principle formally entrenches those perspectives in policy.  

9. 3. 2.
The Formal Acceptance Of Uncertainty

Applied to policy, the precautionary principle stipulates that where the environmental risks being run by regulatory inaction are in some way uncertain, but non-negligible, regulatory action is justified (Cameron, 1993: 6).

Adoption of the precautionary principle in instances such as the Montreal Protocol represent significant progress.  Precautionary principles are also reflected in international jurisprudence in the 1992 U.N. Rio Declaration on Environment and Development, and as we have seen, the 1992 U.N. Framework Convention on Climate Change.  See Appendix G., p. G-4 for details.

Australian policy and law reflect precautionary principles in, inter alia, the Resource Assessment Commission Act 1989 (Cwth), the 1990 Intergovernmental Agreement on the Environment, the South Australian Protection of the Environment Act 1991, and the NSW Protection Of The Environment Administration Act 1991, the Ozone Protection Act 1989 (Cwth), and the Ozone Protection Amendment Act 1992 (Cwth).  The principle may find increasing expression in the future, as a 1992 survey of government agencies found that many states are reviewing their legislation to consider its implementation (Farrier and Fisher, 1993: 5).

9. 4.
In Conclusion

The precautionary principle offers an alternative to the scientific determination of policy concerning controversial environmental issues such as climate change.  In accepting the validity of information from non-scientific sources, the precautionary principle accepts a non-scientific basis for policy in environmental decision making, and urges that such decisions involved the maximum number of interested parties and their perspectives as possible.

In appropriate circumstance, by explicitly noting the limits of scientific determination in environmental controversies, application of the precautionary principle legitimises a public political determination of issues which effect people, and thus motivates their involvement (Cameron, 1993: 12). 

CHAPTER TEN
The Unequal Distribution Of Risk

Whether environmental threats primarily risk damaging human health or the productive potential of nature, they are distributed highly unevenly in society (Haila and Levins, 1993: 226-7).  One consequence of this, exemplified by the resurrection of the SST project, is that those who benefit from the production of hazards naturally try to play them down (Haila and Levins, 1993: 227).

A more fundamental implication is that ecological problems cannot be dissociated from social relations.  As emerges in nearly all studies of the health effects of air pollution, the poor, the children, the aged and the infirm bear the costs most heavily.  In a sense, ecological problems destroy social progress (Commoner, 1971: 79), as we become increasingly drawn into the ambit of a media-based promotion of a diverse internationalised consumption lifestyle (Arena editorial board, 1993: 2).

Similarly, as the patterns of use of ozone depleting substances showed, the argument that the individual actions of resource poor people are more important in reducing environmental degradation than the impacts of high energy modern societies is are too simplistic (George, 1989: 271).  The more sophisticated proposition by Ehrlich that ‘Impact = Population x Affluence x Technology’ (Ehrlich and Ehrlich, 1990: 58), suggests the need for adaptation is stronger in high energy societies.

Clearly, we do not understand the intimate relationship between ecological systems and the health of populations (McMichael, 193: 9).  Behavioural adaptation to the knowledge that ozone depletion accompanies an increased risk of skin cancer appears anecdotally to be reasonably advanced.  This is not surprising given that immediate circumstances appear to determine personal health, and that the dominant health care perspective in developed countries focuses upon the individual rather than the population (McMichael, 1993: 10).  This means that the foundations for population health are typically beyond our view, and the potential adverse health effects of global environmental change are usually distant in time and space (McMichael, 1993: 10).

Evidence that the process of stratospheric ozone depletion and climate change are symptomatic of a larger process of global environmental change that has become an inevitable part of our future, suggest the process known as the boiling frog principle has already begun; we are already in a scenario of gradualism that many of us have not recognised.  

Nevertheless, the development of adaptive capacity acknowledges that climatic change is already taking place, and that adaptive change in individuals and communities can reduce health risks.  The risk exists, however, that incremental adaptation may allow society to avoid fundamental change until a critical threshold is reached, beyond which adaptation is no longer possible (NHMRC, 1990a: 7).  

CHAPTER ELEVEN



In Coming To A Conclusion

The future is no longer what it was thought to be, or what it might have been if humans had known how to use their brains and their opportunities more effectively.  But the future can still become what we reasonably and realistically want    

Aurelio Peccei, 1992, One Hundred Pages for the Future, 15.
This thesis set out to examine the how humans are likely to adapt to the potential for global climate change.  Depletion of the stratospheric ozone layer conveyed the warning that modern, industrial economies driven by consumer demands and burgeoning population can alter delicate natural balances (Benedick: 1991a: 199).  The human characteristics of our adaptation to ozone depletion were evident in the conflation of conflicting interests and concerns that acted upon this realisation.    

The responses in human behaviour to depletion of the ozone layer reflect an increasing maturity in our application of scientific uncertainty to public policy.  The stimulus for this is arguable.  It may be simply that the gamble involved in being wrong is too great.  So, for this reason, I am not suggesting humanity has suddenly matured or humbled.  I am saying that humans appear to be capable of making such important cultural changes, and that an increasing awareness and honesty about our position in the biosphere, and our understanding of its complexity, is likely to stimulate this.

Continuing our activities with very little consideration of the ‘precautionary principle’ will accompany an increased element of risk in our existence.  This increase in risk may dramatically alter the way future generations perceive the quality of human futures and, despite the possibility of direct ‘crisis’ conditions, may induce maladaption and increased stress.  

The important point is that if significant and rapid global warming of 2-3°C occurs within the next century, the ecological framework that supports life will become unstable and almost certainly less productive (McMichael, 1993: 35).  In combination with population increases and resource scarcity, this represents a great threat to the carrying capacity of the biosphere, and the social organisations existing within it.  

As the history of the Montreal Protocol showed, if cultural adaptation is to be successful in our highly complex and dangerous situation, it must involve deliberate and systematic action aimed at promoting understanding of the human situation using an ecological and biosocial perspective, and the overcoming of various impediments that stand in the way of effective adaptive responses (Boyden, 1989: 320).

There is a strong sense of dissonance between our current energy-ravenous activities and the consequences that they have for future generations.  Humans are not genetically programmed to deal with long term threats.  Our capacity for such cultural change has not matched the changing circumstances on earth today (Birch, 1993: 200).  As most of our environmental problems are the result of our own behaviour, it follows that we are not going to solve these until we stop behaving in a manner that causes them (Kozlovsky, 1974: i).

We probably have the capacity through our culture to adapt to the consequences of global climate change, but it is likely that the distribution of its unwanted consequences will be unequally shared.  By assisting individuals, organisations and society to adapt to the changes, and to do our best to halt or ameliorate those changes not already evident, we can avoid the pitfalls that the boiling frog principle creates.

Stratospheric ozone depletion, climate change, and our potential for cultural adaptation to them, are surrounded by uncertainty.  Precautionary approaches provide the facility for overcoming the limits resulting from our reliance upon science as a source of authority.  The precautionary principle provides jurisprudential authority to implement such approaches.

In our overbearing impulse to extract immediate gratification from the earth, we run the very real risk of entirely consuming our nurturing planet.  To continue our exploitative relationship with the biosphere in the face of such uncertain consequences, is a kind of madness (Shepard 1982: 4).

Despite forays into space and onto the moon, strong gravity, a limited energy supply, and a restrictive list of appealing destinations make the Earth’s biosphere a likely resting place for the great majority of its inhabitants.  Considering the uncertainties involved, we need to act cautiously to ensure that it remain habitable.  

Norman Myers describes this conundrum well.  

It’s a case of if we live as if it matters and it doesn’t matter, it doesn’t matter. 

If we live as if it doesn’t matter, and it matters, then it matters.

Norman Myers, 1993, Environmental Policy Papers, 1.
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